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Preface

Computational science and technology is a rapidly growing multi- and interdisci-
plinary field that uses advanced computing and data analysis to understand and
solve complex problems. The absolute size of many challenges in computational
science and technology demands the use of supercomputing, parallel processing,
sophisticated algorithms and advanced system software and architecture. The
ICCST2020 conference provides a unique forum to exchange innovative research
ideas, recent results, and share experiences among researchers and practitioners in
the field of advanced computational science and technology. Building on the pre-
vious four conferences that include Regional Conference on Computational Science
and Technology (RCSST 2007) and a series of International Conference on
Computational Science and Technology (2014–2019), the Seventh International
Conference on Computational Science and Technology (ICCST2020) program
offers practitioners and researchers from academia and industry the possibility to
share computational techniques and solutions in this area, to identify new issues,
and to shape future directions for research, as well as to enable industrial users to
apply leading-edge large-scale high-performance computational methods. This
volume presents a theory and practice of ongoing research in computational science
and technology. The focuses of this volume are on a broad range of methodological
approaches and empirical references points including artificial intelligence, cloud
computing, communication and data networks, computational intelligence, data
mining and data warehousing, evolutionary computing, high-performance com-
puting, information retrieval, knowledge discovery, knowledge management,
machine learning, modeling and simulations, parallel and distributed computing,
problem-solving environments, semantic technology, soft computing, system-
on-chip design and engineering, text mining, visualization and web-based and
service computing . The carefully selected contributions to this volume were ini-
tially accepted for oral presentation during the Seventh International Conference on
Computational Science and Technology (ICCST20) held on 29–30 August 2020
virtually. The level of contributions corresponds to that of advanced scientific
works, although several of them could be addressed also to non-expert readers. The
volume brings together 47 chapters. In concluding, we would also like to express
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our deep gratitude and appreciation to all the program committee members, panel
reviewers, organizing committees, and volunteers for your efforts to make this
conference a successful event. It is worth emphasizing that much theoretical and
empirical work remains to be done. It is encouraging to find that more research on
computational science and technology is still required. We sincerely hope the
readers will find this book interesting, useful, and informative and it will give then a
valuable inspiration for original and innovative research.

Kota Kinabalu, Malaysia Rayner Alfred
Nomi, Japan Hiroyuki Iida
Samarinda, Indonesia Haviluddin Haviluddin
Christchurch, New Zealand Patricia Anthony
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Building a Knowledge Graph of Vietnam
Tourism from Text

Phuc Do and Hung Le

Abstract Most data in the world is in form of text. Therefore, we can say text stores
large amount of the knowledge of human beings. Extracting useful knowledge from
text, however, is not a simple task. In this paper, we present a complete pipeline to
extract knowledge from paragraph. This pipeline combines state-of-the-art systems
in order to yield optimal results. There are some other Knowledge Graphs such as
Google Knowledge Graph, YAGO, or DBpedia. Most of the data in these Knowledge
Graphs is in English. On the other hand, the results from our system is used to build a
newKnowledge Graph in Vietnamese of VietnamTourism.We use the rich resources
language likeEnglish to process a low resources language likeVietnamese.Weutilize
the NLP tools of English such as Google translate, Stanford parser, Co-referencing,
ClausIE, MinIE. We develop Google Search to find the text describing the entities in
the Internet. This text is in Vietnamese. Then, we translate the Vietnamese text into
English text and use English NLP tools to extract triples. Finally, we translate the
triples back into Vietnamese and build the knowledge graph of Vietnam tourism. We
conduct experiment and discover the advantages and disadvantages of our method.

Keywords Knowledge graph · Google search · Triples extraction · Co-reference
resolution · Natural language processing

1 Introduction

The information that we have nowadays is larger than it has ever been before.Most of
the time, this enormous amount of data is text and comemostly in formof unstructured
data. Text provides a quick and simple way to transform ideas from one person to

P. Do (B) · H. Le
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H. Le
e-mail: hungle1abc@gmail.com

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021
R. Alfred et al. (eds.), Computational Science and Technology, Lecture Notes
in Electrical Engineering 724, https://doi.org/10.1007/978-981-33-4069-5_1

1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-33-4069-5_1&domain=pdf
http://orcid.org/0000-0001-6475-8716
http://orcid.org/0000-0001-7014-311X
mailto:phucdo@uit.edu.vn
mailto:hungle1abc@gmail.com
https://doi.org/10.1007/978-981-33-4069-5_1


2 P. Do and H. Le

another. In this big dataset, there are knowledge hidden everywhere. We have yet to
find the best way to transform this data into useful knowledge.

It is impossible for any person to read all the text in the world. This is the problem
we want to address because we need to find the information which we want in this
ocean of words without wasting time reading about unrelated subjects.

Text are written in natural language, which is complex due to its ambiguity. The
same sentence can have two different meanings in two different paragraphs. Natural
language is so flexible that we can use it in different contexts with ease, but this
feature made it extremely hard for computer to understand.

The flexibility of natural language makes it impossible to define a set of rules that
can cover all use cases of it. Instead, we have to use algorithms that can extract mean-
ing of each sentence and collect the core information from it. The core information
is called “facts”, or “triples”. Any fact can be expressed as a triple of form [Subject,
predicate, Object], where Subject and Object are names for real world entities, and
predicate is the relationship between these entities. An example triple is [Sesame,
is_a, food]. These triples are the basic components of a Knowledge Graph [1].

In this paper, we present a system to build knowledge graph ofVietnamese tourism
in Vietnamese. Unluckily, Vietnamese is a low resources language which only has a
few NLP resources (software and large data set).

The method we used in this study is that we leverage the powerful resources of
English language such asGoogle translate, Stanford parser, Co-referencing, ClausIE,
MinIE. We use Google Search to find the text of specified entity, then we process
and translate this bare Vietnamese Text to English. After that, we use English NLP
tools to process English Text. Finally, we convert text back to Vietnamese to build
the knowledge graph. The knowledge graph will contain a lot of facts about tourism
in Vietnam.

In our study, we used NeuralCoref to solve co-reference resolution in the para-
graphs [2]. Then we usedMinIE [3] to extract triples from sentences. Finally, a graph
database called Neo4j [4] is used to store the extracted triples.

We had chosen to solve this problem because it has tremendous applications. One
of the applications is currently used by Google search engine. When a user searches
for some keywords, Google Search display a box that shows summarized information
from articles contains user’s keywords.

In this study, we have following contributions:

• Wedevelop a system to utilize theNLP tools of rich resource language like English
to extract the triples from text in low resource language like Vietnamese Text. Our
research can be a typical application for all low resource languages.

• Wedesign a pipeline containing sequential steps of NLP tools to build a knowledge
graph of Vietnamese Tourism in Vietnamese.

• We conduct the experiment and discover the advantages and disadvantages of our
proposed method. This result will be a guideline for users who want to build a
non-English knowledge graph.

The rest of paper is organized as follows: Section 2 presents the Related Work of
our research. Section 3 presents our methodology to solve the problem. Section 4
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presents the implementation of our proposed system. Section 5 presents the experi-
ment and the advantages and dis-advantages of our proposed methods. Finally, we
conclude what we did and discuss about the future work.

2 Related Work

GoogleKnowledgeGraph,YAGO, andDBpedia are themostwell-knownknowledge
graphs.

Google Knowledge Graph was built in 2012 by Google. It provides direct infor-
mation quickly by using the relationships between words and concepts from the
query. It makes use of user behaviors, related entities and relationships.

YAGO is an open source knowledge base which was developed at theMax Planck
Institute for Computer Science. This knowledge base contains more than 10 million
entities and more than 120 million facts about these entities. The information was
extracted from Wikipedia, WordNet, and GeoNames [5]. This knowledge base is
the favorite data source of researchers who interested in testing new ideas on graph
database.

DBpedia is a project which was created to extract structured content from
Wikipedia articles [6]. The English version of DBpedia knowledge base describes
4.58 million things, ranging frommany different topics like persons, places, species,
disease, etc. DBpedia extracts information based onWikipedia article structures and
link them together with an extraction manage. Similar to YAGO, DBpedia structured
contents can be query using SPARQL and it is free to use.

3 Methodology

3.1 Definition

There is no formal definition of knowledge graph. We consider knowledge graph
as a graph where nodes are real world entities and edges are relationships between
them.Moreover, knowledge graph also contain rules to enable reasoning to infer new
knowledge from existent triples of knowledge graph.

3.2 Extract Triples of Knowledge Graph from Text

To conduct the research, we first looked for other systems that are trying to solve
somewhat similar problem. Out of the systems that we saw, a few of them was really
stood out. Those are ClausIE, MinIE, NeuralCoref in English, and Neo4j graph
database.
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We proceeded to combine these systems to build an end-to-end pipeline that can
take a paragraph as input and return the knowledge graph as output. This knowl-
edge graph is store in a graph database for later processing. Finally, we ran some
experiences, discussed the results of our pipeline and presented some ideas we have
moving forward.

3.3 Introduction to ClausIE and MinIE

ClausIE is one of the systems that were built to solve the task of Open Information
Extraction (OIE) [7] in English. It consists of two separated steps. The first step is
to detect “useful” information from the given sentence. This means ClausIE decides
what information is expressed in the sentence, how to identify it, and how much of
it worth keeping. The second step is to identify the sentence’s representation. This is
the part where ClausIE decides what is the form of the relation, should it use triples
or n-ary proposition to generate representation of the information in text.

In order to detect useful information, ClausIEmakes use of dependency parsing. It
uses dependency parsing to detect the set of “clauses” of each sentence. No training
data is needed for ClausIE to work properly. After the sets of clauses have been
found, ClausIE’s second step is to generate propositions for each clause based on the
type of the clause. In the Table 1, the first clause pattern, “Tom” is the subject and
“laughed” is the intransitive verb. Similarly, in the 7th clause pattern, “Tom” is the
subject, “put” is the complex-transitive verb, “his computer” is the direct object, and
“down” is the complement.

Though ClausIE achieves high precision and recall, it tends to produces overly-
specific extractions. Therefore, MinIE was built on top of ClausIE to generate more
useful and semantically richer extractions. For its extractions to be more compact,
MinIE uses annotations for capturing the context of an extraction. These annotations
represent information about polarity,modality, attribution, and quantities.MinIE also
identifies and removes parts that are considered over-specific.

Table 1 Basic clause patterns and their examples

Clause patterns Example sentences

SVi Tom laughed

SVeA Tom studied information systems

SVcC Tom is a student

SVmtO Tom likes books

SVdtOA Alice gave tom a cup of coffee

SVctOA Alice taught Tom system design

SVctOC Tom put his computer down

*S: Subject, V: Verb, C: Complement, O: Direct object, A: Adverbial, Oi: Indirect object, Vi:
Intransitive verb, Vc: Copular verb, Vc: Extended-copular verb, Vmt: Monotransitive verb, Vdt:
Ditransitive verb, Vct: Complex-transitive verb
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3.4 Co-reference Resolution and NeuralCoref

Co-reference resolution meaning finding all the words that refer to the same entity
in a given piece of text. Let take a look at the following paragraph from Wikipedia:
“VNUHCM-University of Information Technology is a public university located in
Ho Chi Minh City, Vietnam. Although its name is about information technology, this
university teaches many computer studies.”

When human read the above paragraph, we can easily know that “its” and “this
university” are referring to “VNUHCM-University of Information Technology”. An
effective co-reference resolution system should be able to do the same thing. Figure 1
shows that NeuralCoref can correctly determine the entities and their antecedences
in our example paragraph.

3.5 Store Knowledge Graph in Neo4j Graph Database

Neo4j is a Graph Database management system. It was built to efficiently store,
handle, and query highly-connected data. It has a powerful and flexible data model,
so it is good choice to store semantic triples. A node in the graph could be a subject
or an object in the triple, and the relationship between two nodes is the predicate
between the subject and the object.

Fig. 1 Results from NeuralCoref with our example
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3.6 The Pipeline of Proposed System

The ultimate goal of our research is to build a system which can receive a paragraph
written in natural language and create a Vietnamese Knowledge Graph. Figure 2
shows the architecture of our pipeline.

The first step in this pipeline is the collection of English paragraphs related to
our topic. We tried to find paragraphs related to tourism in Vietnam because that is
our focus. We choose English Text because of two main reasons. The first reason is
the amount of text written in English is much larger than the amount of text written
in Vietnamese. The second reason is processing text written in Vietnamese has not
become as good as processing text written in English. By using English text as input,
we can take advantage of the tools that have already been developed for years to
process text. As we can see later on in this pipeline, with Google Translate, all the
text will be translated to Vietnamese. This method allows us to take advantage of
existing tools while being able to have the results in Vietnamese for later use.

The next component is the co-reference resolution followed by triple extraction
component. Combine the two components give us more accurate results than using
each of them individually. After the triples are extracted, we use Google Translate
API to translate them into Vietnamese. Since the triples contain only phrases, not
whole sentences, translation systems will do a generally good job. In cases where
the phrases of Vietnamese Text are not translated correctly, an expert can step in and
edit the translations directly.

The next component is an entity mapping suggestion component. This component
uses Jaccard’s similarity algorithm and a dictionary in order to give suggestions about
the types of entities and relationships.

Finally, we stored the result in Neo4j.

3.7 The Structure of the Knowledge Graph

In this research, we tried to collect data that fall into one of the schemas in Table 2.
We intended to build a knowledge graph of Vietnam tourism [8]. In Table 2, we use
English and Vietnamese to describe the head, the predicate and the tail of triples of
our knowledge graph.

Fig. 2 Knowledge Graph construction pipeline
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Table 2 Types of entities and relationships
Predictate type Tail typeHead type

Figure 3 clearly shows the structure of ourKnowledgeGraph. The nodes represent
the types of entities in our Knowledge Graph, and the arrows represent the types of
the relationships between them.

4 System Implementation

The implementation of the experimental system is as follow: (i) On the Client: just
install a browser like Chrome or Firefox; (ii) On the Server: install Docker, set up
environment variables and run the command “docker-compose up –build”; (iii) Go
to http://127.0.0.1:5000 to test the system.

In order to generate the knowledge graph from paragraphs, our system has the
following services as described in Table 3.

Detail descriptions and algorithms of the services of our system are described
below.

Table 3 The systems’ services

No. Services Description

1 Co-reference resolution Resolved mentions of same
entities in the paragraph

2 Triples extraction and
translation

Extract triples from the
paragraph

3 Types recommendation Translate the triples into
Vietnamese and recommend
the type of
entities/relationships

http://127.0.0.1:5000
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Fig. 3 Structure of the Knowledge Graph

(a) The “Co-reference Resolution” service:

The Co-reference Resolution service is the service that take the responsibility to
resolve entity co-occurrences. Within this service, we used NeuralCoref library to
extract mentions and their duplications.

The input of this service is a normal paragraph, and the output of this service the
resolved paragraph. The service did this by replacing the mentions of the same entity
with the first occurrence of that entity in the paragraph. The details algorithm of the
Co-reference Resolution service is described in Algorithm 1.

Algorithm 1 The Co-reference Resolution algorithm
Input: Normal paragraph.
Output: Resolved paragraph.

1: Run NeuralCoref with the input paragraph to find mentions of the same entities in the paragraph.
2: Replace all the mentions of the same entities with the first occurences of those entities in all

sentences of the paragraph.
3: Return the resolved paragraph.
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(b) The Triples Extraction and Translation service

After we have the resolved paragraph from the Co-reference Resolution service, the
next step is to extract useful triples to create our Knowledge Graph. This service
takes each sentence of the resolved paragraph as its input and produces triples that
the sentence contains.

The service detects triples by analyzing the English clause types. This analysis
was done within ClausIE. MinIE then eliminates triples that are consider too specific
and adds annotation to the triples. Our service then go a bit further and translate
these triples intoVietnamesewith human’s verification. The result is a list of triples in
English andVietnamese alongwith their polarity andmodality.Algorithm2describes
how Triples Extraction and Translation service works.

Algorithm 2 The Co-reference Resolution algorithm
Input: A sentence from the resolved paragraph.
Output: All the triples (in English and Vietnamese) that the sentence contains.

1: The sentence is processed with MinIE to produces triples that that sentence contains along with
their polarity and modality.

2: An expert can change the translations at this step directly from the browser.
3: Return the list of triples that the sentence contains.

(c) The Types Recommendation service
The Types Recommendation service will recommend the type that an entity or

a relationship is supposed to have. The list of possible type in this research is as
described in Table 2.

We recommend the type by using VNCoreNLP [8] to segmentate Vietnamese
words from the triples first, then compare these words with our dictionary using
the Jaccard similarity algorithm to determine the type of the entity or relationship.
Algorithm 3 is the explanation of this service.

Algorithm 3 The Types Recommendation algorithm
Input: A Vietnamese triple.
Output: Recommended types of entities and the relationship of the triple.

1: The phrases of the triple is seperated into words with VNCoreNLP Word Segmentation [9, 10].
2: The words are compared with our dictionary using Jaccard similarity algorithm with the coeffi-

cient is 80
3: If their is no recommended type found, the returned type will be “UNKNOWN”.
4: Return the recommended types for the triples.
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5 Experiment and Discussion

In our system, the paragraphs are obtained through two sources: Google Search and
Wikipedia. First, we collected the list of entities (written in Vietnamese) that we
are interested in. Next, we either run these entities with our questions using Google
Search to get the desired paragraphs about the entities; or we get the summary
paragraphs of our entities by Python’s Wikipedia API. Finally, these paragraphs are
translated into English and feed to our system.

In this section, we will show the results of our system when we process the
following paragraph which was taken from Wikipedia:

“ La. t city is the capital of Lâm Province in Vietnam. The city is located
1,500 m above sea level on the Langbian Plateau in the southern parts of the Central
Highlands region. Da Lat is the most popular tourist destination in Vietnam.”

For clarity, we use a Text in English. Normally, Text is in Vietnamese and is
translated to English by Google Translator and verified by man.

5.1 Results from the Co-Reference Resolution

For this paragraph, the system understood the paragraph correctly. Themention “The
city” in the second sentence of the paragraph is replaced with the entity “Da Lat”.
Fig 4 shows the resolved paragraph in our system.

5.2 Results from Triples Extraction and Translation

For our example paragraph, the system extracted and translated a total of seven
triples. They are listed in Table 4.

As the results shows that, some of the triples are wrong (No. 2), some of them are
useless (No. 5), but some are pretty useful (No. 1, No.4, No.6) for our Knowledge
Graph.

Fig. 4 Resolved paragraph



Building a Knowledge Graph of Vietnam Tourism from Text 11

Table 4 Extracted triples from the example paragraph

No. Subject Predicate Object

1 Da Lat Is capital of Lam Dong Province

2 Da Lat Is capital in Vietnam

3 Da Lat Is Capital

4 Da Lat Is located 1,500 m above sea level on
Langbian Plateau in southern parts
of Central Highlands region

5 Da Lat Is Located

6 Da Lat Is most popular tourist destination
in

Vietnam

7 Da Lat Is Most popular tourist destination

The triple No. 7 in Table 4 is translated into the Vietnamese triple:

( ). This is not
the most accurate translation but as Google Translate get smarter, we can expect to
get a better translation.

5.3 Results from the “Type Recommendation” Service

Fig 5 shows the recommended types for the triple No. 7 in Table 4.
The system can identify the entity “ ” as a Place (“ ”). For

the other entity and the relationship, the system could not guess the type. However,
the expert can step in and set the types of the entity/relationship directly, therefore,
the system will be able to provide more suggestions over time.

Fig. 5 A triple with its recommended type
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5.4 Discussions

Through our experiments, we had found some advantages as well as some dis-
advantages in our proposal system.
Advantages Our approach presents the following advantages:

• We can stay away from the complexity of the sub-problem which other tools have
been trying to solve. Instead, we focused on the demands of our specific system
such as the entities’ types or the structure of our knowledge graph.

• By utilizing existing NLP tools, we were able to build our system quickly.

Dis-advantages Our approach, however, still has some cons:

• Although we had design our system so that we can easily replace any component
with a better version, our system still depends on other NLP tools.

• Translations from Google Translate are not always accurate, and we lost some of
the native features and characteristics that only exist in Vietnamese.

6 Conclusion and Future Work

In this paper, we proposed a system that can build a knowledge graph in Vietnamese
of Vietnam Tourism. Our system is assembled by taking advantages of state of the
art components of English like co-reference resolution, open information extraction,
word segmentation, etc. Each of these components can also be further optimized
independently. We hope that this system could be the baseline system that future
systems in this domain can compare to.

In the future, we would like to use Deep Learning to exploit information from
text.
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Table 1 EIGHT (8) models

Model Year

Social Influence Theory (SIT)_ 1958

Uses & Gratification Theory (UGT) 1973

Theory of Reasoned Action (TRA) 1975

Social Identity Theory (SIDT) 1979

Theory of Planned Behavior (TPB) 1985

Technology Acceptance Model (TAM) 1989

Social Cognitive Theory (SCT) 1999

Unified Theory of Acceptance and use of technology 2 (UTAUT2) 2012

1 Introduction

A variety of models and frameworks were introduced to describe the adoption of
technologies’ models by users [1]. Several studies have utilized these conventional
frameworks and combined previous models or added new constructs to existing
models to carry out their researches [2]. In social media studies, there are several
models that have been adopted to identify the factors of users’ intentions and behav-
iors towards the use of technology adoption model. Table 1 shows the EIGHT (8)
models discussed in this paper.

This paper aims to identify the models used in users’ behaviors towards visual
information in social media. Each model discusses the types of visual informa-
tion, behaviors, factors, social media types and methods used. The paper structure
are as follows: Sect. 2 describes the concepts of visual information, social media,
users’ online social media behaviors and the TWELVE (12) reviewed articles; Sect. 3
discusses on the Result and Findings; Sect. 4 concludes the paper; and Sect. 5 provide
recommendations for future works.

2 Materials and Methods

2.1 Visual Information

Visual information includes still photos, films, videos, sound recordings, graphic
designs, visual aids, model displays, display systems and services, and the support
processes. Recent statistics shows that social media posting with images has more
engagement than those without [3].
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2.2 Social Media

Social media is a combination of networking sites which allow users to communi-
cate with one another easily, efficiently, and effectively [4]. It is about transforming
(one-to-many) broadcasts into (many-to-many) dialogs which vastly contrast with
more mainstreammedia sources such as televisions and books that serve information
to mass audiences but do not allow user behavioral reactions onto their content [5].
Social media, on the other hand, requires users to create an online profile which
enable users to connect with each other by notifying others of their latest content.
What started out for private needs migrated into industry. Industries use social media
to promote goods, create brand images and increase their main website traffic. Face-
book, Instagram, Pinterest, Snapchat, andTwitter are the preferred visual information
social media [6–10].

2.3 Social Media Behavior

Social media have facilitated the users with various public behaviors as a social
gesture in supporting each other [11]. Users behave through Comment, Like, Post,
Reactions, Share, and Tags [12–17]. This action does gratify users’ social needs to
maintain relationships [18].

2.4 Technology Adoption Models

Modeled behavior is often imitated more frequently if it is socially recompensed.
Comment, Like, Post, Reactions, Share, and Tags are shown to all designated users
in social media, which serve as a social reward and promote the recognition and
adoption of model behaviors and attitudes In this paper, EIGHT (8) models are given
to show the concepts used in adoption process. The models presented here are shown
in Appendix. Technology Adoption Models used in Users’ Online Social Media
Behaviors.

2.4.1 Social Cognitive Theory (SCT)

Social cognitive theory (SCT) explores the user potentials of observer learning via
behavior modelling, which also plays a key role in motivation and self-effectiveness
[19–21]. Dhir, Kaur and Rajala [22] selected SCT to consider the Facebook photo-
tag’s possible behavior. TWO (2) significant measures were established by SCT:
self-efficacy and expected outcomes. This study included 768 adolescent Facebook
users. For data processing, SPSS 21.0 and AMOS 21.0 were chosen. Confirmatory
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Factor Analysis (CFA) in AMOS was used to test the validity and reliability of the
measurement model. The method of estimating maximum likelihood (ML) is used
because of the robustness of the large data samples. However, results showed that
direct influences of expected outcomes and self-efficacy on user intentions was not
the main factors for the users to photo tagging in Facebook.

Peng et al. [23] used SCT to examine impacts of Instagram images on the inten-
tion of use and behavioral reactions. The SCT stresses in the ability of the human
population to be observed through behavioral modelling in which individual’s moti-
vation (self-improvement, self enhancement, intention), model attractiveness, affec-
tive response (pleasant affection) and self-efficacy are important roles used in [20]
research. A total of 1587 people was recruited as volunteers. The ANOVA, Scheffee,
CFA and EFA were used for estimation of shared variability on all items in the
measuring model. However, results showed that model attractiveness would influ-
ence a user’s intention to self-improve and response affectively to the images shared
on Instagram.

2.4.2 Social Identity Theory (SIDT)

Tajfel and Turner [24] proposed Social Identity Theory (SIDT) which elaborated
on the users’ self-conception of their relationship to another person or group [25,
26]. SIDT used by Nedra et al. [27] described how user intentions can be shaped
by cognitive, affective, and evaluative ways in which each component can have
significant effects on the intention in relations to posting photos on Instagram. SPSS
and theCFAusingSEMthroughAMOShave reported that theTWO(2)methods used
in this study were quantitative and qualitative ones that involved 359 respondents.
This finding supports the positive impact of the intention of SIDT (cognitive, affective
and evaluative) to use Instagram for the posting of images.

2.4.3 Social Influence Theory (SIT)

Social Influence Theory (SIT) is defined as to what extent a person expects from
the persons who are important to its behavior [28, 29]. Oliveira et al. [16] focused
on users’ intention to share contents on Facebook via SIT. Contents shared through
Facebook does give impacts on users’ behavior which then convinces and influences
larger audiences in a more beneficial, effective and powerful manner. There were
THREE (3) constructs involved; identification, internalization and compliance. The
data was collected from a group of 687 users, aged from 20 to 55 years old. The
study employed PLS SEM path modelling, to estimate and test the linkage between
constructs. Results showed that internalizationwas themost importantway to explain
how users take a view of others as evidence of the reality and as part of the values
and beliefs of each user when they share contents on Facebook.
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2.4.4 Technology Acceptance Model (TAM)

Technology Acceptance Model (TAM) explore the factors affecting the individuals
behaviors in using technology or computer systems [30–32]. Allam et al. [28] used
TAM to postulate that the behavioral intentions of the users to tag their images are
dictated by their attitudes to use Facebook. The online survey yielded 187 responses
where PLS SEM method is used to validate latent variable for data analysis. Results
showed that the perceived usefulness did influence users’ attitude on social tagging
tools.

Nedra et al. [27] integrates TAM model to explain users’ behavior and inten-
tion towards posting photos in Instagram. An online survey was conducted on 338
participantswhere SPSS,CFA, SEM,AMOSare used for quantitative,while for qual-
itative, individual interviews were applied. The results indicated that photo-posting
in Instagram was positively influenced by users’ perceived ease of use.

Shao and Kwon [30] analyze the TAM model based on Facebook Reactions, a
good example of complex social feedback systems. The construct is perceived value
and ease of use. The survey was completed by a total of 432 participants, age 18
and/or above. The structural modeling was performed by using PLS-SEM and PLS-
MGA. Results showed that perceived usefulness was the primary predictors of the
intention of users to use Reactions, which further influenced the real Facebook usage.

2.4.5 Theory of Planned Behavior (TPB)

Theory of Planned behavior (TPB) states that users’ intentions are the immediate
determinants of their behavior [33, 34]. Lowe-Calverley and Grieve [14] aimed to
investigate the factors affecting the intentions of users to post photos on the Facebook
platform using TPB. The sample consisted of 151 Australian respondents. To allow
shared variances among predictors, a Hierarchical Multiple Regression Analysis
(HMRA) was used. Results show that user’s intent to post images on Facebook are
due to attitudes, subjective norms and narcissism factors.

Kim et al. [35] used TPB to forecast factors affecting Instagram photo posting.
There was a total of 89 respondents from Instagram, and a path analysis was
performed using AMOS 22 on the hypothesized model. Results showed that atti-
tude, subjective norm, perceived behavioral control, and narcissism were the main
factors of users’ intent to post photos on Instagram.

2.4.6 Theory of Reasoned Action (TRA)

Theory of ReasonedAction (TRA) is amodel for behavioral intention prediction [28,
36]. By using TRA, Lee et al. [37] focused on the Facebook “like”, to see how social
and technological factors influence users’ attitudes and behaviors; social norms,
social presence, perceived ease, and perceived usefulness. Online survey data were
examined using Exploratory Factor Analysis (EFA), Canonical Correlation Analysis
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(CCA), and Hierarchical Regression Analysis (HRA) for 213 respondents. Results
showed that users’ attitude towards “like” was positively influenced by subjective
norms and ease of use.

2.4.7 Uses and Gratifications Theory (UGT)

The Users and Gratifications Theory (UGT) explains how people use media and
explores various gratifications which drive their use [33, 38]. Lowe-Calverley and
Grieve [11] use UGT to examine how Facebook users participate in image posting
and liking behaviors. Using thematic analysis, 203 respondents were evaluated prior
to posting and 195 respondents prior to liking photos on Facebook. Results showed
that the ‘audience’ aspect is the key factor for image sharing on Facebook, while
friends and enjoyment of content were the key factors affecting ‘liking’ actions.

Shao and Kwon [30] examine mechanisms of gratification that underlie the use of
UGT in Facebook Reactions. In total, there were 432 participants who completed the
survey where PLS-SEM and PLS-MGA have been selected data analysis. Results
showed that enjoyment and expression were the main factors of user intention to use
Facebook Reactions. While Malik et al. [39] applied UGT to examine the gratifi-
cations of users when sharing photos on Facebook. SPSS 21.0 and EFA with MLE
algorithm were used to examine 368 respondents answer. Results showed that the
level of disclosure and social influence of Facebook’s photo sharing gratifications
increased with an increase in users’ age.

In addition, motives in UGT were studied by Lee et al. [37]. Exploratory Factor
Analysis (EFA), Hierarchical Regression Analysis (HRA) and Canonical Correla-
tion Analysis (CCA) were used to examined 213 respondents from whom data was
collected. Results showed that when users find the content enjoyable, they would
click “like” on the Facebook, which immediately then spreads out. Bij de Vaate et al.
[6] applied UGT to study gratifications and behaviors of users in posting photos
via Facebook. There were 224 respondents involved in the surveys and the data
were analyzed using Multiple Linear Regression Analysis (MLRA). Results showed
that main gratifications factors in Facebook photo posting were entertainment and
retention of moment.

2.4.8 Unified Theory of Acceptance and Use of Technology Version 2
(UTAUT2)

Unified Theory of Acceptance and Use of Technology Version 2 (UTAUT2) involve
the adoption of the intention to “continue to use the technology” i.e. to engage users
who have used the technology [37]. The study byDhir et al. [22] usedmanyUTAUT2
factors related to photo tagging. The study involved 780 respondents and used IBM
SPSS 21.0, AMOS 21.0, Confirmatory Factor Analysis (CFA) and the Maximum
Likelihood (ML) estimation method for data processing. The results suggested that
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habitual and hedonic motivations have a substantial causal impact on the intentions
of Facebook users to tag photos.

Allam et al. [28] focused on UTAUT2 which validated a THREE (3) dimen-
sional hedonic motivation as major determinants of photo tagging. The online survey
provided 187 responses, with 174 valid responses where PLS SEM approach was
used for data analysis. The results indicated that users were more inspired by the
sensations of explorability and enjoyment while using Facebook tagging tools.

3 Result and Discussion

As discussed in Sect. 2, the useful insights gained from the analysis can be used as
techniques for attracting and retaining new users as well as generating and devel-
oping new visual knowledge that involves content and platforms. The strategies can
enhance social media users’ entertainment and enjoyment towards visual informa-
tion. It is a significant influence to connect the content actions of users related to visual
information with behaviors or technologies socially valued that could contribute to
social recognition and validation as well as helping online social media users resolve
psychological obstacles and promote self-reliance on their socialmedia participation.

Moreover, the review may be able to improve managements, industries, business
andmarketers on visual information’s uses to efficiently and effectively market prod-
ucts and communicate with its existing and potential clients. With the understanding
of the visual information characteristics and benefits, companies which use visual
advertisement on the social media can attract maximum number of customers which
give the business a louder voice to promote their organization.

Finally, the review provides an understanding of why users utilize visual infor-
mation in social media. It shows that visual information’s uses via social media does
transform the way people communicate and socialize. This review will be useful
in designing a social media in a new way to ensure that users actively participate
and engage in it on an ongoing basis. The media’s own characteristics can there-
fore affect user effects, such as user involvement and participation in social media
features; Comment, Like, Post, Reactions, Share, and Tags.

4 Conclusion

The studies show that Uses and Gratifications Theory (UGT) is the most accepted
social media concept. In addition, UGT is widely used to explore and investigate
the usage of social media motivations or gratifications. UGT appears to be the
most significant literature motivations for social media and is known as a socio-
psychological approach that is considered empirically positive. The theory presumes
that individuals are engaged, reasonable and analytical in their decisions where, by
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defining the rewards or benefits, they try to address the question as to why committed
and rational users use the various aspects and features of social media.

The studies also show that audience reactions, enjoyment, entertainment and social
interaction are themost significant factors contributing to user’s intentions and behav-
iors towards contents, to engage and continue to use. Compared to other platform,
more online social media users tend to create content and give feedback via Face-
book. Images is the chosen visual information as it is the most popular content used.
PLS SEM is the method used for data analysis, since the measuring properties of the
constructs are less restrictive.

5 Future Works

Another line of work that may be pursued from this study would be on integrated
technology adoption, demographics and other visual information to create a holistic
understanding on how information in social media influences the users’ intention and
behavior. Future research can be performed on more important factors in improving
the adoption model’s predictability to better illustrate the user’s visual information
intentions. Additionally, the adoption model developed can be verified through data
collection and analysis on empirical data.

Appendix

Table 2.

Table 2 Technology adoption model used in users’ online social media behaviors

Model Factors Media Information Intention Analysis References

Social
Cognitive
Theory
(SCT)

Expected outcomes
(social presence,
social status),
self-efficacy

Facebook Photo Tagging SPSS
21.0.
AMOS
21.0, CFA,
ML

[22]

Motivation
(self-improvement,
self enhancement,
intention), model
attractiveness,
affective response
(pleasant affection),
self-efficacy

Instagram Image Post ANOVA,
Scheffee,
CFA and
EFA

[23]

(continued)
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Table 2 (continued)

Model Factors Media Information Intention Analysis References

Social
Identity
Theory
(SIDT)

Cognitive, affective,
evaluative

Instagram Photo Post SPSS,
CFA,
SEM,
AMOS,
Interviews

[27]

Social
Influence
Theory (SIT)

Identification,
internalization,
compliance

Facebook Not
mention

Share PLS SEM [16]

Technology
Acceptance
Model
(TAM)

Perceived
usefulness,
perceived ease of
use

Instagram Photo Post SPSS,
CFA,
SEM,
AMOS,
Interviews

[27]

Perceived
usefulness,
perceived ease of
use

Facebook Photo Tagging PLS SEM [28]

Perceived
usefulness,
perceived ease of
use

Facebook Not
mention

Reaction PLS-SEM.
PLS-MGA

[30]

Theory of
Reasoned
Action
(TRA)

Social norms,
social, presence,
perceive ease,
perceive usefulness

Facebook Not
mention

Like EFA,
CCA,
HRA

[37]

Theory of
Planned
Behavior
Model (TPB)

Attitude, subjective
norm perceived
behavioral control,
narcissism

Facebook Image Post HMRA [14]

Attitude toward
behavior, subjective
norm, perceived
behavioral control,
narcissism

Instagram Photo Post AMOS 22 [35]

Unified
Theory of
Acceptance
and Use of
Technology
Version 2
(UTAUT2)

Habit, hedonic
motivation,
facilitating
conditions, social
influence, effort
expectancy,
performance
expectancy

Facebook Photo Tagging SPSS
21.0.
AMOS
21.0, CFA,
ML

[22]

Hedonic motivation
(curiosity,
enjoyment,
explorability)

Facebook Photo Tagging PLS SEM [28]

(continued)
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Table 2 (continued)

Model Factors Media Information Intention Analysis References

Uses and
Gratifications
(UGT)

Affection seeking,
attention seeking,
disclosure,
entertainment,
habitual pastime,
information sharing,
social influence,
social interaction

Facebook Photo Share EFA,
MLE,
SPSS 21.0
tool

[39]

Audience,
attractiveness,
appropriateness,
image
quality/composition,
subject, response,
platform, privacy,
online longevity,
humor

Facebook Image Post TA [11]

Content
appreciation,
friends, audience,
reputation,
appropriateness,
support, do others
‘like’ it?

Facebook Image Like TA [11]

Socialization,
enjoyment,
immersive
experience,
self-presentation,
expression

Facebook Not
mention

Reaction PLS-SEM.
PLS-MGA

[30]

Retention of
moments,
entertainment,
expressive
information sharing,
social interaction,
social use, habitual
passing of time,
relaxation,
imaginary audience,
social pressure and
identity

Facebook Photo Post MLRA [6]

Enjoyment, pleasing
others, monetary
incentive, passing
time, interpersonal
relationship

Facebook Not
mention

Like EFA,
HRA,
CCA

[37]



Technology Adoption Models: Users’ Online Social Media Behavior … 25

References

1. Hlee S, Lee H, Koo C (2018) Hospitality and tourism online review research: a systematic
analysis and heuristic-systematic model. Sustainability 10(4)

2. Taherdoost H (2018) A review of technology acceptance and adoption models and theories.
Procedia Manuf 22:960–967

3. Edgley C (2018) Why your brain loves visual information—Ember Television. ember televi-
sion. [Online]. Available: https://embertelevision.co.uk/blog/why-your-brain-loves-visual-inf
ormation/. Accessed: 22-Apr-2020

4. Wang T, Lee FY (2020) Examining customer engagement and brand intimacy in social media
context. J Retail Consum Serv 54(November 2019):102035

5. Hansen DL, Shneiderman B, Smith MA, Himelboim I (2020) Social media: new technologies
of collaboration. Anal Soc Media Netw NodeXL, pp 11–29

6. de Vaate AJDNB, Veldhuis J, Alleva JM, Konijn EA, van Hugten CHM (2018) Show your best
self(ie): an exploratory study on selfie-relatedmotivations and behavior in emerging adulthood.
Telemat Inf 35(5):1392–1407

7. Lee E, Lee JA, Moon JH, Sung Y (2015) Pictures speak louder than words: motivations for
using Instagram. Cyberpsychol Behav Soc Netw 18(9):552–556

8. Simpson CC, Mazzeo SE (2017) Skinny is not enough: a content analysis of fitspiration on
Pinterest. Health Commun 32(5):560–567

9. Grieve R (2017) Computers in human behavior unpacking the characteristics of Snapchat users:
a preliminary investigation and an agenda for future research. Comput HumBehav 74:130–138

10. Kwon SJ, Park E, Kim KJ (2014) What drives successful social networking services? A
comparative analysis of user acceptance of Facebook and Twitter. Soc Sci J 51(4):534–544

11. Lowe-Calverley E, Grieve R (2018) Thumbs up: a thematic analysis of image-based posting
and liking behaviour on social media. Telemat Inf 35(7):1900–1913

12. Shin J, LeeS (2020) Intimacybetween actual users andvirtual agents: interaction through ‘likes’
and ‘comments,’ In: Proc. 2020 14th International Conference on Ubiquitous Information
Management and Communication IMCOM 2020, pp 1–4, 2020

13. Guy I, Ronen I, Zwerdling N, Zuyev-Grabovitch I, Jacovi M (2016) What is your organiza-
tion ‘like’? A study of liking activity in the enterprise. In: Conference on Human Factors in
Computing Systems—Proceedings, pp 3025–3037

14. Lowe-calverley E, Grieve R (2018) Self-ie love: predictors of image editing intentions on
Facebook. Telemat Inf 35(1):186–194

15. Elizabeth Stinson, Facebook Reactions, the Totally Redesigned Like Button, Is Here | WIRED.
WIREDMag 2016. [Online]. Available: https://www.wired.com/2016/02/facebook-reactions-
totally-redesigned-like-button/. Accessed 05-Apr-2020

16. Oliveira T, Araujo B, Tam C (2020) Why do people share their travel experiences on social
media? Tour Manag 78(December 2019):104041, 2020

17. Dhir A, Chen GM, Chen S (2017) Why do we tag photographs on Facebook? Proposing a new
gratifications scale. New Media Soc 19(4):502–521

18. Hayes RA, Carr CT, Wohn DY (2016) One click, many meanings: interpreting paralinguistic
digital affordances in social media. J Broadcast Electron Media 60(1):171–187

19. Bandura A (1999) A social cognitive theory of personality. Handb Personal Theory Res, pp
154–196

20. Muslim A, Harun A, Ismael D, Othman B (2020) Social media experience, attitude and
behavioral intention towards umrah package among generation X and Y. Manag Sci Lett
10(1):1–12

21. Seear KH, Atkinson DN, Henderson-Yates LM, Lelievre MP, Marley JV (2020) Maboo
wirriya, be healthy: community-directed development of an evidence-based diabetes preven-
tion program for young Aboriginal people in a remote Australian town. Eval Program Plann
81(April):101818

22. Dhir A, Kaur P, Rajala R (2018) Why do young people tag photos on social networking sites?
Explaining user intentions. Int J Inf Manage 38(1):117–127

https://embertelevision.co.uk/blog/why-your-brain-loves-visual-information/
https://www.wired.com/2016/02/facebook-reactions-totally-redesigned-like-button/


26 I. S. B. C. Ilias et al.

23. Peng CT, Wu TY, Chen Y, Atkin DJ (2019) Comparing and modeling via social media: the
social influences of fitspiration on male instagram users’ work out intention. Comput Hum
Behav 99(January):156–167

24. Tajfel H, Turner J (1979) An integrative theory of intergroup conflict. In: Austin WG, Worchel
S (Eds) The social psychology of intergroup relations. Brooks/Cole, Monterey, CA, pp 71–112

25. Hong S, Jahng MR, Lee N, Wise KR Do you filter who you are? Excessive self-presentation,
social cues, and user evaluations of Instagram selfies. Comput Hum Behav 104(October
2019):106159

26. Lee BK, Suh T, Sierra JJ (2020) Understanding the effects of physical images on viewers in
social comparison contexts: a multi-study approach. J Promot Manag 26(1):1–18

27. Nedra BA, Hadhri W, Mezrani M (2019) Determinants of customers’ intentions to use hedonic
networks: the case of Instagram. J Retail Consum Serv 46(May 2018):21–32

28. Allam H, Bliemel M, Spiteri L, Blustein J, Ali-Hassan H (2019) Applying a multi-dimensional
hedonic concept of intrinsic motivation on social tagging tools: a theoretical model and
empirical validation. Int J Inf Manage 45(January):211–222

29. John SP, De’Villiers R (2020) Elaboration of marketing communication through visual media:
an empirical analysis. J Retail Consum Serv 54(December 2019):102052

30. Shao C, Kwon, KH (2018) Clicks intended: an integrated model for nuanced social feedback
system uses on Facebook. Telemat Inf (May):1–14, 2018

31. Bazi S, Filieri R, Gorton M (2020) Customers’ motivation to engage with luxury brands on
social media. J Bus Res 112(March):223–235

32. Pan Y, Torres IM, Zúñiga MÁ, Fazli-Salehi R (2020) Social network advertising: the moder-
ating role of processing fluency, need for cognition, expertise, and gender. J Internet Commer
19(3):298–323

33. Ajzen I (1985) From intentions to actions: a theory of planned behavior. Action Control pp
11–39

34. Rubenking B (2019) Emotion, attitudes, norms and sources: exploring sharing intent of
disgusting online videos. Comput Hum Behav 96(October 2018):63–71

35. KimE,Lee JA, SungY,Choi SM(2016) Predicting selfie-posting behavior on social networking
sites: an extension of theory of planned behavior. Comput Hum Behav 62:116–123

36. Abir T, Muhammad D, Yazdani NA, Bakar A, Hamid A, Survey H (2020) Electronic word
of mouth (e-WOM) and consumers’ purchase decisions: Evidences from Bangladesh. J Xi’an
Univ Archit Technol XII(III):2004–2011

37. Lee SY, Hansen SS, Lee JK (2016)What makes us click like on Facebook? Examining psycho-
logical, technological, and motivational factors on virtual endorsement. Comput Commun
73:332–341

38. Schaffer DR, Debb SM (2020) Assessing Instagram use across cultures: a confirmatory factor
analysis. Cyberpsychol Behav Soc Netw 23(2):100–106

39. Malik A, Dhir A, Nieminen M (2016) Uses and gratifications of digital photo sharing on
Facebook. Telemat Inf 33(1):129–138



A Pedagogical Framework
with Integration of TPACK for Mobile
Interactive System in Teaching
Mathematics

Daniel Lai, Lew Sook Ling, and Ooi Shih Yin

Abstract Although there is a variety of technology available in 21st century, the
way classes and lesson being conducted are still mostly remaining the same which
is teaching via one-way communication. One-way communication teaching process
surfastces issues like lack of interaction where minimal discussion is going on during
teaching session, Since the interaction between teachers and students are fairly
poor, limited classroom activity can be expected such as “Question and Answer”
which lead to the increment of boredom in classes and lessons among students.
As the teaching process is leaning towards instructional, students’ feedback is
usually being overlooked. Hence, since the availability of educational technology
is getting more common nowadays, the integration of technology in classroom is
encouraged changing the teaching and learning environment including knowledge
delivery method from teacher perspective. Introducing mobile interactive system
allows teachers deliver their knowledge differently, however, they are required to
adapt and get familiar with the educational technology for improving teaching expe-
rience. Therefore, Technological Pedagogical Content Knowledge (TPACK) frame-
work is applied in this paper to assess teachers using the seven elements of the
framework. This paper is aimed to address the issues faced by conventional class-
room and identify the effectiveness of teachers conducting classes using educational
technology with the application of TPACK framework. Proposed TPACK frame-
work is formed with the integration of three elements which are teachers’ efficiency,
students’ performance and students’ engagement representing the outcome of current
TPACK framework.
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Keywords Teacher and student engagement ·Mobile interactive system ·
Teaching and learning environment · Pedagogical framework · Technological
pedagogical content knowledge (TPACK) framework

1 Introduction

The conventional classroom is undergoingmajor and rapid changes frompast till now.
Many technologies are invented throughout these years in various sectors including
education sector. Due to the availability of technology nowadays, students are more
preferred to stay connected with each other using technology [1]. Moreover, with the
assistance of modern technology enabled work to be done more efficiently, effec-
tively, convenient and most importantly it makes thing easier [2]. However, the way
teachers and students used to communicate remained one-way communicationwhere
it leads to the lack of students’ engagement in the classroom. The lack of student
engagement leads to the drop of courses especially online courses that involved
far less interaction between teachers and students [3]. Furthermore, the closeness
of relationship between teachers and students plays an important role as the closer
their relationship the better academic outcomes and self-esteem from students can
be achieved [4]. Additionally, one-way communication serves two purposes which
are sharing information and as a reminder of teachers’ existence. Generally, subject
like mathematics practices conventional way of teaching where teachers are domi-
nant over students [5]. Besides, students are disallowed to express their thoughts and
opinions because teachers wanted to gain full-control of the classroom [6]. Hence,
gaining feedback from students’ end is difficult.Without students’ feedback, teachers
might face difficulties in planning and preparing teaching materials that in-line with
students’ needs and capabilities.

Mobile application is introduced and accepted by majority of the society as it
is a very commonly owned technological device. By integrating mobile technology
into classroom, students can establish better communication with classmates and
teachers [7]. Moreover, with the aids of technology in blended learning can boost up
student engagement, enjoyment as well as academic achievement [8]. Nowadays, the
interaction between human and computer had gone through tremendous changes due
to the influence of computational devices that supporting touch [9]. Likewise, mobile
devices are capable to be used as writing tools and incorporate into classroom [9].
Therefore, on-screen writing pad is introduced granting teachers with better mobility
and flexibility in teaching with screen sharing.

1.1 Engagement Between Teachers and Students

In this paper, the engagement between teachers and students is being studied and
related to recent education changes. In England, during 19th century, the education
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system neglected character-building quality and not creating intellectual curiosity
[10]. In fact, having joy in the classroom was prohibited and integration of teacher’s
personalities was forbidden [11]. Hence, the enjoyment of learning cannot be
achieved due to minimal interaction in the classroom. With the evolution of tech-
nology, the possibility of integrating technology into education sector is promising.
According to Malik, the core changes brought by ICT in society has called for
research on specific new forms of learning and epistemological issues regarding
how learning occurs and how knowledge emerges beyond the borders of traditional
systems of education [12]. The availability of these technologies allows teaching
and learning becoming more interactive and interesting. According to Hussin,
Generation-Z who are revolutionised by technology happened to act positively
towards challenges, prefer group discussion and interactive learning environment
[13]. Furthermore, the learning materials are required to be synchronised with the
needs of learning process for better understanding regarding the concepts of subjects
[14]. Moreover, teachers are playing a vital role as they will affect students’ desire
and developing their self-learning capability directly [15]. Additionally, student who
spend more time in schooling tends to have lower dropout rate [16]. This is why John
Dewey, an Educational Philosopher, mentionedmore than a century ago, “If we teach
today as we taught yesterday, we rob our children of tomorrow” [17]. Furthermore,
technology is known to be the catalyst in communication, collaboration, innovation
and problem solving in 21st century. Hence, the introduction of mobile interactive
system as educational technology into schools and universities is imperative. It has
the potential to be implemented in class activities increasing the interactivity between
teachers and students [18]. Furthermore, mobile application also helps in refining
and improving students’ academic achievement as well as their learning capability
[19]. It boosts up students’ curiosity in terms of knowledge seeking makes them
more attracted and interested in classroom activity. [20]. In fact, technology has
the capability to increase student engagement as well as their understanding level
towards learning content [21]. Through screen sharing, students can see the screen
mirroring from teacher’s computer screen where live-collaboration is happening at
the same time [22]. The interactivity is improved because teachers are no longer
required to reach out whiteboard or blackboard back and forth illustrating their ideas
to students. Screen sharing is able to helps teachers showing their writing from on-
screen writing pad to students in synchronised manner with the writing content in
the mobile interactive system without sacrificing teachers’ mobility.

Teacher is known to be a professional who responsible for delivering knowledge
to students, however, the knowledge sometimes can be forgotten over time. Students
tend to be more interested in lesson taught by their favourite teacher than the one
that they dislike. Along with teaching methods, the image of the teacher attaches
great importance in the process of forming knowledge [23]. From the perspective
of students, it is very clear that teacher plays an important role in their learning
process. Besides, teacher is also known as a leader in guiding students throughout
lessons [24]. As a teacher, he or she does not only require to teach students but also
understand their behaviour and desire as well as improving their learning ability and
capability [25]. Therefore, teacher’s qualities are vital when attempting to bond with
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students as teacher’s attributes shaped his or her image reflecting how students see
teacher from their perspective.

According to Dakhane, the presence and popularity of mobile devices and mobile
applications are common amongst students [26]. Education sector is assisted by
various educational technologies to improve student engagement in classes espe-
cially in higher education. It brings positive impact in affecting student’s experience
in learning. Moreover, conventional teaching method is ineffective when it comes
to student engagement as teacher can hardly focusing on students where teachers’
attention is constantly diverted. In conventional classroom, teacher is the only active
personwho control the entire classroom activities and expecting students concentrate
in classroom but it proven otherwise [27]. With the help of technological devices,
teachers are given better flexibility and mobility. High flexibility and mobility allow
teachers to paymore attention and interact with students effectively. Putra mentioned
that teaching and learning process is an interaction between teachers and students
which are two different things but form a unity [28]. Compared to conventional
method, teaching and learning are conducted differently these days. Teaching and
learning can be conducted through mobile devices, online, augmented reality, virtual
reality and other state-of-art technology [29]. These technologies create new possi-
bilities for teacher implementing a variety of methods turning teaching and learning
environment become more interaction-oriented. It allows teachers have better inter-
action with students by using educational technology. Educational technology boosts
students’ curiosity driving students to further explore and gaining interest in learning.

1.2 Technological Pedagogical Content Knowledge
Theoretical Framework

Pedagogical framework is a structure created based on the philosophy of teaching
and learning. It serves as guidelines for teacher to do evaluation and refinement
when they facilitate classes. This set of guidelines is rather well-known among
colleges and universities for its consistency. The pedagogical framework is meant
to be a supportive medium to assist teacher delivering and transforming knowledge
to students maintaining a high-quality content for both teaching and learning based
on best practices [30]. With the help of pedagogical framework, teachers are able
to address students with the most effective way of absorbing the knowledge being
taught. According to Fairholme College, the pedagogical framework has to be coor-
dinated with a few principles which are safe, supportive, connected and inclusive
learning environment, student-centered planning, evidence-based decision making,
targeted and scaffolded instruction, alignment of curriculum pedagogy and assess-
ment as well as high expectation [31]. According to Fazidah Naziri, teachers need
to equip themselves with a transformation in knowledge and technology to educate
Z generation today [32]. Besides, Utami et al. also mentioned that technological
involvement in learning activities cannot be avoided as technology integration in
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teaching is considered as a more effective approach [33]. The concept of pedagogical
content knowledge theoretical framework, TPACK reflects the status of technolog-
ical, pedagogical, and content knowledge of educators [34]. Based on TPACKmodel,
lecturers’ knowledge about technology and experience the successful integration of
collaborative tools in teaching and learning environment are the keys for effective
adoption of new technologies [35]. The combination of knowledge and pedagogy
with the involvement of information technology enabled teachers in developing peda-
gogical knowledge, skills and enhancing students’ learning [36]. Student learning
capability will be improved presuming teacher himself or herself is willing to refine
their technological knowledge and integrate it into their content knowledge and
pedagogical knowledge [37]. Teachers are expected to demonstrate how technology
can be implemented in supporting the learning content, how specific pedagogies
best support with the use of and facilitate learning. Additionally, TPACK is also
reflecting the interdependence of three contributing knowledge domains which are
Content Knowledge (CK), Pedagogical Knowledge (PK), and Technology Knowl-
edge (TK) in a better picture [38]. From teacher perspective, mastering TPACK
from the aspects of knowledge, skills and technology is necessary. Being innova-
tive in teaching allows teachers to be in line with up-to-date technological world in
educating the next generation.

1.3 Mobile Interactive System

TPACK framework is applied in this study due to the substantial involvement of
technology in teaching and learning. As advanced technologies also offer inter-
activity, these known technologies were focused by other studies [32–34, 37, 38]
while this study is focusing on delivery method which is also referring as mobile
interactive system. Solomon et al. mentioned that the specifications of current smart-
phones are well-equipped with high-end memory, processor, display and battery
which are capable to serve learners, teachers and researchers with more possibilities
[39]. Stathopoulou et al. alsomentioned thatmobile devices are having thepotential to
alter the classroom from conventional to amore interactive and engaging [40]. Due to
themassive and hasty growth of the usage ofmobile technology in campuses, learning
activities and research will be depending on mobile technology in future classroom
[41]. In this study, mobile interactive system is a mobile application that emphasises
on high mobility and low hardware requirement where expensive or external equip-
ment are not required. It can mitigate one-way communication between teachers and
students. It also can change teachers’ teaching experiences from various aspects. The
most spectacular change is the teaching environment where two-way communication
is established instead of one-way communication. Teachers can maintain interaction
with students by making use of other existing technologies with features provided
by the mobile interactive system simultaneously. Moreover, teachers and students
can bring it to any classes that require the use of it without any hassle. Therefore, the
objectives of this study are as follows:



32 D. Lai et al.

1. Identify current trend in education sector which addresses the conventional
classroom issues.

2. Identify the effectiveness of teachers conducting classes using educational
technology with the application of TPACK framework.

2 Literature Review

In this paper, the literature review is being done based on twomajor aspects which are
interactive learning and on-screenwriting padwith screen sharing. These two aspects
are able to illustrate interactivity better as interactive whiteboard is already being
introduced as educational technology and implemented in classroom [42]. Hence,
in-depth understanding about these two aspects is essential to cater with current
trend of educational technology. As mentioned earlier, having more interactivity in
the classroom tend to result in better engagement between teachers and students [43–
45]. Thus, interactive learning is one of the key aspects involving how teachers apply
technology changing the teaching and learning environment. Similar to interactive
whiteboard, on-screenwriting padwith screen sharing serves teacherswith lower cost
and higher portability [46]. This study aimed to mitigate one-way communication
teaching in classroom by introducing more instructiveness into classroom activities.

2.1 Mobile Interactive System

Sahronih et al. mentioned that interactive learning media is having the capability
of describing teachers’ message to student forming a two-way communication [47].
Hence, interactive learning has a strong bondwith educational technology. The use of
the interactive learning method alongside with educational technology creates more
possibilities in learning process which motivates students and creates less confusion
and difficulty in both teaching and learning process [48]. According to Wang et al.,
traditional personal computer will be replaced by mobile devices slowly within the
next few years and becoming the main learning equipment especially in tertiary
education [49]. Educational technology is a toolkit that creates educational contents
with appropriate technology making an interactive learning environment. Therefore,
students should not be passive in exploring and accepting new information. It is
vital for classroom studies to be carried out in an interactive environment as it helps
learner developing their independence.

Oluwajana et al. stated that students’ active participation in learning process is
achievable via interactive learning [50]. Interactive learning method consists of two
types of interaction which are cooperation and competition, rivalry [51]. Alexan-
drovna mentioned that cooperation is meant for promoting teamwork and aiming for
achieving one goal whereas competition, rivalry is meant for opposition of goal and
opinions [51]. The implementation of interactive learning helps students to be more
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engaged in classroom, improves their problem-solving skills and critical thinking
skills. Furthermore, the dependence of oneself towards smartphone has becoming
a norm where online learning is doable other than serving solely as a communica-
tion platform [52]. In contrast with Multimedia Interactive Learning Online (MILO)
suggested in the research of Pakyuan et al., proposed mobile interactive for this study
is focusing on deliverymethod rather than content itself. However, both of the studies
share similar aim which is maintaining the function of teacher in learning process
[52]. Nina and Heru also mentioned that the innovation in mobile devices making
smartphone ideal for both learning and education [53]. They also mentioned that
the difficulties like formulas and calculations in learning physics can be resolved
with the use of technology because it helps to improve learners in understanding
diagrammatic and argumentative representation with better efficiency [53].

2.2 On-Screen Writing Pad with Screen Sharing

Recently, interactive whiteboard (IWB) has been a trend in education sector where
IWB serves as an educational tool [54, 55]. It is commonly found inWestern schools.
The IWB is a large touch screen with the capability of replacing the conventional
setup in classroom. It enhances teaching environment by introducing interactivity and
creating visual impact in the classroom. Tsai (2019) mentioned that the difficulties
facedby teachers in using interactivewhiteboard are the lackof computer competency
and insufficient technical support [56]. Moreover, further training for teachers is
needed as the technical support is insufficient and ineffective [57]. Moreover, the
implementation of IWB in conventional classroom does not lead to negative effect
to the teaching method which favored by most teachers.

Comparing IWB to the on-screen writing pad introduced in this study, from
the perspective of hardware, IWB is more hardware dependent as it requires the
use of special made whiteboard to be installed and configured whereas on-screen
writing pad is less dependent on hardware as teachers only require to operate the
system using Android smartphone and a computer for server hosting. According to
Andy (2018), the utilisation of IWB’s main purpose, interactivity for teaching and
learning is ambiguous. In the meantime, since IWB has smaller size compared to
traditional projection screen, the proposed mobile interactive system has an edge
because its screen sharing feature can be projected through the ordinary projection
screen without sacrificing the mobility of teachers as the proposed mobile interactive
system can control the connected computer from distance [58]. Additionally, IWB
requires teachers’ prior knowledge in designing teaching plans and materials based
on IWB capabilities to allow students interact with IWB and learning materials [59].
The difference between IWB and proposed mobile interactive system from previous
context is the ease of use of the technology. As proposed mobile interactive system
is an Android application installed in the smartphone, the learning curve for teacher
to use the system is relatively low compared to IWB.
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3 Methodology

In this paper, a systematic literature review (SLR) is being carried out with the use of
Multimedia University Library Integrated Access (MULIA) 3.0 and Google Scholar
in getting relevant sources for the study. The relevant sources are being searched
based on keywords. This paper adopted the search procedure mentioned in [60]. The
research questions of this paper are RQ1_How mobile interactive system enhances
teachers and students’ engagement in classroom? and RQ2_HowTPACK framework
affects teaching and learning environment? Firstly, keywords are being formulated
based on research questions including teacher and student engagement, mobile inter-
active system, teaching and learning environment andTPACK theoretical framework.
Thesewords are thenundergoing aprocess calledSystematicSearchProcedurewhich
is stated in [60]. In Systematic Search Procedure, there are several substages where it
begins with a set of search words which are obtained from thesaurus based on formu-
lated keywords for semantic criteria search. The semantic structure of the paper title
is taken into consideration when searching for specific papers. Next, making use of
appropriate search script by referring to syntax of various databases such as Scopus,
Google Scholar and other similar databases. With proper search script applied, rele-
vant papers are then selected from databases relatively. At last, a list of papers as
search results are discovered to be further reviewed. The process of systematic search
procedure will be continued until research questions are being answered.

3.1 Systematic Literature Review

Systematic literature review is also known as SLR inwhich research questions can be
identified. Additionally, SLR is also crucial for the justification of future research for
that sector. SLR is important to those who are newly started in their specified fields to
learn and explore for up-to-date information and work which is related to the field of
study [60]. The information gathered includes themethod that has been implemented
and results which are beneficial for students having more insights about the area of
interest in terms of study. Information that is commonly acquired via SLR is the
databases of the work, publications of work presented and research centres of certain
work. The gathered information is presented statistically. Since researchers are not
always familiar with the fields of study, they usually face circumstances such as
the lack of related knowledge and identification of journals. From the perspective of
researchers from similar research fields, they might share their findings in addressing
or resolving similar problems as well as objectives. Their findings include their
progress, result, approaches, networks and so forth. As a researcher, interaction and
contribution are involvedwhen conducting research study.Difficulties and challenges
such as keywords of search, inclusion and exclusion criteria for filtering search results
will be faced due to the unfamiliarity of certain research fields. Therefore, mentefacto
conceptual is one of the mandatory tools that leads to good reading and learning [60].
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In this study, four questions are required to be answered which are what characterises
it, in essence? In what group of things include it? What are your differences with
similar objects? and, are there subtypes of yours? By answering these questions, four
groups of thoughts are formed resulting in isoordinated, superordinated, excluded
and infraordinated.

4 Expected Outcome

4.1 Proposed TPACK Framework

TPACK is also known as technological pedagogical and content knowledge which
require teachers to have a thorough understanding about the knowledge, skills and
technology so as to improve teachers’ efficiency in teaching. In 21st century, teachers
are required to adapt to the latest technological trends in order to be accord with 4th
Industrial Revolution. In such revolution, Information and Communication Tech-
nology is becoming a very important medium in between teachers and students.
The TPACK framework was being introduced and enhanced by Mishra and Koehler
in year 2006. It is provided for educators a more rounded experience of teaching
[61]. In TPACK, it consists three major elements, technological knowledge, content
knowledge and pedagogical knowledge which symbolise the combination of knowl-
edge and pedagogy with the implementation of information technology. A total of
seven elements can be found in TPACK framework. The major elements of TPACK
consist of three major area of knowledge which are technological knowledge (TK),
pedagogical knowledge (PK) and content knowledge (CK). TK is the knowledge
or the cognition of various technologies regardless the tier of those technologies
to improve teaching efficiency. PK is thorough knowledge of process or method of
teaching and learning which became the value of education to improve students’
engagement in classroom, CK is the subject that needed to be taught and learned to
enhanced students’ performance academically, Hence, the interrelation element of
TK and PK is TPK which is also known as technological pedagogical knowledge.
TPK is the knowledge of pedagogical activities of teacherswith proper understanding
of technology implementation that is best suited for desired teaching and learning
experiences. TPK is referring to teachers’ understanding in making use of mobile
interactive system and its features to assist them in changing teaching and learning
experiences according to their preferences. Also, the interrelation element of TK and
CK is TCK which is also stands for technological content knowledge. TCK is the
knowledge of representing the concept of technology into a subject. It is referring to
teachers’ understanding on how the subjects can be best represented and influenced
by technology which is referring to mobile interactive system with on-screen writing
in this study. Pedagogical content knowledge (PCK) is the interrelation element of PK
and CK. It is teachers’ ability in modifying their content knowledge to fit in teaching
approach appropriately. It is also referring to teachers’ understanding in choosing the



36 D. Lai et al.

Fig. 1 Proposed TPACK framework

appropriate method in delivering CK in different level in terms of grade as teachers;
teaching practices can be improved with the assistance of thorough understanding in
PCK. As for TPACK, it is the combination of all three knowledge which utilises the
state-of-art technology that can cope with the needs and wants of students.

In this study, the proposed TPACK framework in Fig. 1 consists of additional
elements which are teacher’s efficiency, students’ performance and students’ engage-
ment. Teacher’s efficiency in this study is referring to the efficiency of teacher using
technology in the teaching process. Therefore, it involves elements that related to TK
which are TK, TCK, TPK and TPACK. The level of teachers’ understanding about
technology will be assess and reflects how efficient are they when lessons are taught
with the integration of technology in classroom activities. As for students’ perfor-
mance, it is assessed with CK related elements. CK related elements include CK,
TCK, PCK and TPACK. The relevancy of teaching materials prepared by teachers
will affect students’ performance either positively or negatively. As for students’
engagement, PK related elements such as PK, PCK, TPK and TPACK will be taken
into consideration for assessment. The interactivity and effectiveness of teachers’
delivery method for the subjects he or she taught will be recorded and serves as input
for determining students’ engagement in the classroom.

5 Conclusion

The current paper proposes a mobile interactive system for learning by integrating
pedagogical framework with technology. The research questions of this study are
being identified through SLR whereby justification for the future research of current
study can bemade. The system is intended to eliminate conventional teachingmethod
which is conducting through one-way communication which resulting in less student
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engagement and interaction.in classes. Two-way communication is proposed by
mobile interactive system to address classroom communication issue whereby two-
way communication is more effective in teaching as it involves both parties which are
referring to teachers and students in this context. Having a more effective communi-
cation in classroom leads to higher student engagement. Besides educational tech-
nology, which is referring to proposed mobile interactive system, teachers are also
required to come out with a well-prepared teaching plan and teaching materials
with the help of TPACK. The proposed TPACK framework is having the intention
allowing teachers to tailor their teaching content according to students’ performance
and capability, one should also have in-depth understanding about the content, knowl-
edge and specific pedagogies as well as knowing how to use the latest technology
and integrate the technology into teaching. Without prior knowledge in any one of
the stated elements which are referring to pedagogical knowledge, technological
knowledge and content knowledge, teachers’ teaching experience and performance
will be affected.
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Towards Palm Bunch Ripeness
Classification Using Colour and Canny
Edge Detection

Ian K. T. Tan , Yue-Hng Lim, and Nyen-Ho Hon

Abstract The ripeness of the farm-able palm fruits is an important factor in the
production of quality palm oil. The work presented is an image processing imple-
mentation in the palm oil industry to eliminate human errors in the judgment of the
ripeness of palm fruit bunches as well as to introduce automation. Various techniques
were employed to obtain data from the images provided for the data mining process.
The features used are the colour of the palm fruit bunches and the amount of edges
representing visible leaves in the palm fruit bunches, indicating empty sockets. The
project is able to achieve an accuracy of up to 79.11%.

Keywords Ripeness · Palm kernel · Colour detection · Canny edge · Empty
sockets

1 Introduction

The determining factor of palm oil production starts with the classification of the
palm fruit bunch ripeness. This classification process is typically done manually and
is prone to human errors, availability of human experts, and inconsistencies in the
classification process due to various environmental aspects such as lighting. This
manual process depends on visual cues; such as colour, texture, and the shape of
the oil palm fruit bunch. Furthermore, the speed of this classification is an important
factor for consideration. The palm fruit bunches are delivered in batches (truckloads)
which arrives at irregular intervals. The pressure to classify them quickly increases
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the amount of human errors. Hence the use of technology is needed to address these
drawbacks.

Technology that assist inmoving towards automation of this classification process
is an important area as the yield and quality of the palm oil production is highly
dependent on the ripeness of the palm fruit bunches.

2 Literature Review

Image processing for farming had been researched and implemented for actual use
to increase yield as well as to introduce automation for error reduction. One of the
earlier published work in this area was by Meyer et al. [1] in 1998. Their work was
to automatically differentiate weeds from corn crops in order to implement an anti-
weed strategy using computer vision and statistical analysis. Features such as texture
and excess of the plant’s green colour were used in their work.

In recent years, image processing to determine ripeness has also been attempted.
Abbaszadeh et al. [2] used image processing on the rind texture of watermelons to
determine their ripeness. The pattern on the rind is processed to determine the stretch
of thewavy patterns which in turn provides the cue on the ripeness of thewatermelon.
In their work, they also used colour analysis to grade the ripeness appropriately.

In the specific area of palm fruit ripeness, Choong et al. [3] published that the oil
content of palm fruits is highly correlated to the redness of the palm oil fruits. They
used a controlled environment where the height of the camera to the fruit is always
at the same exact height (which means that the camera has to move to compensate
for the fruit size) and lighting is illuminated from all angles in order to capture the
images. The images were then individually manually edited for consistency using
image processing application.

Ghazali et al. [4] used the RGB (Red, Green and Blue) colour components as
the features for their work. In their work, they processed the images captured by
eliminating the non-red colours and used the resulting images to classify them into
three categories; ripe, under-ripe and unripe. Their work was limited by the carefully
curated 30 sample images for eachof the classification categories. Theirwork claimed
to have an accuracy of 100% of the ripe category, and between 80-85% for the
under-ripe and unripe categories.

A more recent work by Shabdin et al. [5], conducted a similar research to use
the colour components to determine the ripeness of the palm fruit bunches but they
included the use of the hue saturation and the colour intensity as the main feature.
For their analysis, they used Artificial Neural Networks (ANN) and they reported an
overall accuracy of 70%.

Using similar techniques as Shabdin et al. [5], Saaed et al. [6] also conducted their
classification using ANN but with specialized hyperspectral active sensor system.
The equipment used has 824 spectral bands which covers the colour frequency range
of 400 to 1000 nm. This range of orange and red are in the region of 590–625 and



Towards Palm Bunch Ripeness Classification Using Colour … 43

625–740 nm respectively and hence the sensor they used is of a very high accuracy
and can be configured to capture the colour ranges accurately.

Although Ghazali et al. [4] claimed an accuracy of 100% for ripe palm fruit
bunches and a very good 80-85% accuracy for the other two categories, the images
were carefully curated and does not represent the actual plantation environment.
Even with additional features included by Shabdin et al. [5], the overall accuracy is
about 70%.

3 Data

The image collection by past researchers tend to veer towards the highest quality
images possible with minimal noise. Sophisticated capturing devices, such as Hyper-
spectral Sensor [6], Microsoft Lifecam NX-600 [7] and Vivotek IP8332 Network
Bullet Cameras [8] were used in a highly controlled lighting environment in order
to minimize noise, lighting differences and varying backgrounds. Past work with
high accuracy rates were likely to have used images captured in a highly controlled
environment to ensure high accuracy of classification.

In the work presented in this manuscript, the images used were captured by a
camera phone at an actual palm fruit bunch sorting area and not in a laboratory. The
use of a camera phone is to simulate the use of low-cost camera modules that is
planned for the overall automation system.

This work also attempts to simulate image captured on a purpose-built sorting
conveyor belt, where the moving belt is white in colour to assist in the contrast
needed for the image capturing. Hence the images captured for this project have a
white (but generally dirty or slightly off white) background.

3.1 Dataset

There were initially more than 900 images in JPEG format provided by Melangking
Oil Palm Plantation. Since the images were captured by the worker who manually
classified the palm fruit bunches, many of the images were discarded due to the
images being unusable. The images were discarded due to various reasons such as
partial fruit bunch captured or the background was too noisy (littered with loose
fruits or leaves). In the planned automated system, the fruit bunches will be on the
conveyor belt and there will not have partial image capture as the camera will capture
the whole conveyor belt area and there will be minimal loose fruits (fruitlets) as it is
planned that the conveyor belt will have a mechanism to flush out the fruitlets. The
final dataset1 used consists of 514 images classified into 6 classes:

1Dataset is available at https://www.teradatauniversitynetwork.com/Library/Items/Datasets-from-
Melangking-Palm-Oil-Corporation.

https://www.teradatauniversitynetwork.com/Library/Items/Datasets-from-Melangking-Palm-Oil-Corporation
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• Empty Bunches (57 images)
• Ripe Bunches (190 images)
• Dirty Ripe Bunches (80 images)
• Rotten Bunches (62 images)
• Under Ripe Bunches (53 images)
• Unripe Bunches (72 images).

Although the imageswere classified by experienced sortingworkers, some human
errors were expected. The classifications were then validated by the palm fruit
bunch sorting supervisor to ensure correctness. Since the image capturing was not
controlled, preliminary processing will be required as the background would be dirty
and there will be lighting differences due the fact that the images were captured at
varying times of the day.

4 Methodology

The project employs the following process (Fig. 1).

1. Data pre-processing
2. Feature extraction
3. Modeling.

Fig. 1 Methodology
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4.1 Data Pre-processing

The data pre-processing consists of normalization and foreground extraction.

Normalization. Due to the varying lighting conditions for each of the images
captured, a normalization process is required. The uncontrolled environment caused
varying saturation of the images. The Hue Saturation Intensity (HSI) values of the
images were used for the normalization. This is based on the centre pixel intensity
values and the resulting image will have reduced glare to enable a fairer comparison
of the images.

Foreground Extraction. The next process is to remove the background of the
images. The backgrounds of the images are not useful in determining the classi-
fication process. The images were captured in an actual production environment and
hence the white background used is smeared with dirt and somemay even have loose
fruits.

The technique used to remove the background is the GrabCut foreground extrac-
tion method developed by Rother, Kolmogorov, and Blake [9]. GrabCut, available in
the OpenCV library (https://opencv.org/), is a segmentation algorithm that utilizes
edges and region detection in order to extract the foreground wanted. GrabCut also
uses a system where a user may mark a certain region as foreground or background.
This can be done using by eithermanuallymarking the image using amask, or setting
a rectangle in order to capture the foreground region. The latter was chosen as the
method was more dynamic and suitable for the large number of images needed to be
processed.

Figure 2 shows the result of the palm fruit bunch extracted from the background.
The unsupervised GrabCut method is able to pre-process about 90% of the images

Fig. 2 Example image with background removed

https://opencv.org/


46 I. K. T. Tan et al.

successfully. For the images that were not processed correctly, some pre-processing
to define the rectangle for the GrabCut process were done. The images were then
resized automatically to 900 pixels wide. This is in order for the modeling to execute
within a reasonable time frame.

4.2 Feature Extraction

There are five features that are used, namely the mean of each of the Red, Green
and Blue colour channels, the ratio of the red colour in the image and the amount of
edges detected.

The images were initially converted to HSV (Hue, Saturation, Value). This is to
simplify the manipulation and to enable the usage of a mask. A mask is then created
for each image to utilize a threshold to remove pixels. The threshold ranges of Hue
values used for the colour of red is 0-10 for the lower range and is set to 180 for the
upper range.

RGBColourMean. The most reliable feature indicating the ripeness of a palm fruit
bunch is the amount of the colour “light red”. The other colourswould be influential in
determining the other classifications (other than ripe) and hence the work processed
the means of each of the colour channels. A mask was applied to the image to ensure
that the result of the mean function would be an accurate average of each colour
channel while excluding the black pixels (the mask) of the background.

Red Colour Ratio. In order to determine the ripeness, the ratio of the amount of
red in the image was determined. The approach used here is to find the ratio of the
red pixels in the image and divide it with the total number of pixels of fruit bunch
(the foreground that was extracted). This ratio will then be used as a feature for the
classification model.

Figure 3 depicts the normalized image where the red pixels are to be extracted
from, whilst Fig. 4 depicts the image after applying the threshold values to extract
the red pixels. From visual checks, the process was able to successfully extract the
palm fruit kernels. Figure 4 is illustrated to also show that even for un-ripe palm
fruit bunches that consists of dark kernels, the thresholds applied was sufficient to
differentiate the un-ripe fruit kernels. The thresholds are not only for the colour red
but also for the cut-off value for the lower end intensity.

Edges (Spikiness). The spikiness feature that is being considered in this work is
defined as the magnitude of the edges belonging to the palm fruit bunches. This
feature was considered due to there being a visually observable difference in rough-
ness of the silhouette of an empty jagged palm fruit bunch and a ripe palm fruit
bunch. Thus, canny edge [10] detection algorithm in the OpenCV library [11] was
applied to the images (Fig. 5).

To determine the spikiness, the work counted the number of pixels that are consid-
ered as edges. The rationale is that the longer the length of the spikes, there will be
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Fig. 3 Normalized image prior to extracting red pixels

Fig. 4 Extracted red pixels from normalized image
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Fig. 5 Edge detection of a palm fruit bunch

more pixels used to denote the edges. The number of pixels counted is divided by
the total number of pixels in the fruit to obtain the ratio.

4.3 Modeling

After refining the data acquisitionmethods, the acquired data was stored in a comma-
separated values (CSV) file. The data in the CSV files were then normalized to be in
the range of 0-1 based on the minimum and maximum value of each attribute (Min-
Max Normalization). Instead of using 6 different classes, the images were evaluated
based on ripe and unripe as well as ripe, under-ripe and unripe.

For this work, we decided on the Decision Tree (DT) method as the processed
dataset is not large and the DT method reflects how a manual plantation worker
decision is made, that is from the colour visualized and the spikiness of the palm
fruit bunch.

The datawas then split into training and test setswhere 70%of the data is allocated
for the training set and 30% of the data for the test set.
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5 Evaluation: Results and Discussion

The experiment was conducted 15 times without the setting of the random seed.
Results produced by the data modeling of the processed CSV file gave an average
accuracy score of 71.11% (Table 1). The accuracy score was computed from the sum
of the correctly classified samples over the total sample population.

A noteworthy observation is that the classifications of ripe, under-ripe, and unripe
resulted in a lower average accuracy score compared to the performance of binary
classification of ripe and unripe. It stands to reason that it would be lower, as it gets
more demanding on the decision tree algorithm with the addition of another class.

Observing the confusion matrix (Fig. 6) indicated that ripe fruits have the best
performance with about 87% accuracy rating (62 of the 81 samples classified
correctly). However, the unripe and under-ripe do not perform as well, with about
50% of the test images were confused to be under the ripe category (13 divide by 28
samples classified correctly). This could be caused by insufficient features for the
algorithm to correctly split the set. Moreover, there are quite a few images that are
questionable as to whether the images were incorrectly labeled, in other words data
noise caused by human error.

The low accuracy in classifying ripe/unripe and ripe/under-ripe could be caused
partially by the number of features being insufficient data for the model to correctly
classify between under-ripe and unripe. Moreover, after some observation, it was
observed that the colour scheme is somewhat similar when comparing under-ripe
fruits and unripe fruits.

Our current method of determining spikiness using edge detection has a moder-
ately significant influence as empty and rotten fruit bunches tended to be spikier.
However, our current definition of spikiness can be further improved.

Table 1 Classification
accuracy

Maximum (%) Average (%)

ripe/unripe 79.16 71.11

ripe/under-ripe/unripe 68.75 64.67

Fig. 6 Confusion matrix for
classifier
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6 Conclusion

The work presented here provides two main contributions. Firstly, the images can
be obtained without specialized cameras or in a controlled environment. The use of
colours have been well documented and the work here, used the means of the RGB
channels independently and the ratio of the red colour itself. Secondly, although the
spikiness could do with a better method, using the Canny Edge detection algorithm
and conducting the feature engineering of the spikiness factor using the edge to image
ratio has shown a significant contribution to the classifier. With a binary classifier,
the work presented here is able to achieve up to 79.16% accuracy and with a tri-class
classifier, it was able to achieve up to 68.75% accuracy.

References

1. MeyerG,Mehta T,KocherM,MortensenD, SamalA (1998) Textural imaging and discriminant
analysis for distinguishing weeds for spot spraying. Trans ASAE 41(4):1189

2. Abbaszadeh R, Rajabipour A, Sadrnia H, Mahjoob MJ, Delshad M, Ahmadi H (2014) Appli-
cation of modal analysis to the watermelon through finite element modeling for use in ripeness
assessment. J Food Eng 127:80–84

3. Choong TS, Abbas S, Shari AR, Halim R, Ismail MHS, Yunus R, Ali S, Ahmadun FR (2006)
Digital image processing of palm oil fruits. Int J Food Eng 2(2)

4. Ghazali KH, Samad R, Arshad NW, Karim RA et al (2009) Image processing analysis of
oil palm fruits for automatic grading. In: Proceedings of the international conference on
instrumentation, control & automation

5. ShabdinMK, Shari ARM, Johari MNA, Saat NK, Abbas Z (2016) A study on the oil palm fresh
fruit bunch (FFB) ripeness detection by using hue, saturation and intensity (HSI) approach. In:
IOP conference series: earth and environmental science, vol 37, p 012039. IOP Publishing

6. Saaed OMB, Alfatni MSA, Shariff ARM, Hawedi HS (2019) Modeling ripeness grading
of palm oil fresh fruit bunches through image processing using artificial neural network.
Geoscience Publications. https://www.geosp.net/?p=6896

7. Jaffar A, Jaafar R, Jamil N, Low CY, Abdullah B et al (2009) Photogrammetric grading of oil
palm fresh fruit bunches. Int J Mech Mechatron Eng 9(10):7–13

8. FadilahN,Mohamad-Saleh J,AbdulHalimZ, IbrahimH,Ali S, SalimS (2012) Intelligent color
vision system for ripeness classification of oil palm fresh fruit bunch. Sensors 12(10):14179–
14195

9. Rother C, Kolmogorov V, Blake A (2004) “grabcut” interactive foreground extraction using
iterated graph cuts. ACM Trans Graph (TOG) 23(3):309–314

10. Canny J (1986) A computational approach to edge detection. IEEE Trans Pattern Anal Mach
Intell 6:679–698

11. Gregori E (2012) Introduction to computer vision using opencv. Embedded Vision Alliance

https://www.geosp.net/?p=6896


Attention Models for Sentiment Analysis
Using Objectivity and Subjectivity Word
Vectors

Wing Shum Lee , Hu Ng , Timothy Tzen Vun Yap ,
Chiung Ching Ho , Vik Tor Goh , and Hau Lee Tong

Abstract In this research, we look at the notions of objectivity and subjectivity and
create word embeddings from them for the purpose of sentiment analysis.We created
word vectors from two datasets, the Wikipedia English Dataset for objectivity and
the Amazon Product Reviews Data dataset for subjectivity. Amodel incorporating an
AttentionMechanismwas proposed. The proposedAttentionmodelwas compared to
LogisticRegression,Linear SupportVectorClassificationmodels, and the formerwas
able to achieve the highest accuracy with large enough data through augmentation.
In the case of objectivity and subjectivity, models trained with the objectivity word
embeddings performed worse than their counterpart. However, when compared to
the BERT model, a model also with Attention Mechanism but has its own word
embedding technique, the BERTmodel achieved higher accuracy even thoughmodel
training was performed with only transfer learning.

Keywords Sentiment analysis · Objectivity · Subjectivity ·Word vectors

W. S. Lee · H. Ng (B) · T. T. V. Yap · H. L. Tong
Faculty of Computing & Informatics, Multimedia University, 63100 Cyberjaya, Malaysia
e-mail: nghu@mmu.edu.my

W. S. Lee
e-mail: leews.sam@gmail.com

T. T. V. Yap
e-mail: timothy@mmu.edu.my

H. L. Tong
e-mail: hltong@mmu.edu.my

C. C. Ho
Department of Computing and Information Systems, Sunway University, 47500 Petaling Jaya,
Malaysia
e-mail: peterh@sunway.my

V. T. Goh
Faculty of Engineering, Multimedia University, 63100 Cyberjaya, Malaysia
e-mail: vtgoh@mmu.edu.my

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021
R. Alfred et al. (eds.), Computational Science and Technology, Lecture Notes
in Electrical Engineering 724, https://doi.org/10.1007/978-981-33-4069-5_5

51

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-33-4069-5_5&domain=pdf
http://orcid.org/0000-0001-8158-7904
http://orcid.org/0000-0002-9895-9978
http://orcid.org/0000-0003-1277-1710
http://orcid.org/0000-0001-5098-8131
http://orcid.org/0000-0003-4573-9493
http://orcid.org/0000-0002-3128-585X
mailto:nghu@mmu.edu.my
mailto:leews.sam@gmail.com
mailto:timothy@mmu.edu.my
mailto:hltong@mmu.edu.my
mailto:peterh@sunway.my
mailto:vtgoh@mmu.edu.my
https://doi.org/10.1007/978-981-33-4069-5_5


52 W. S. Lee et al.

1 Introduction

The need for language processing is rapidly growing and its use is on the rise. Google,
a web search engine, uses language processing to process a large scale of queries
every second. As an example, when one starts typing in “Natural Language”, Google
would suggest the word “Processing” which is the work of language processing. The
language processing task is a very immense field, one its sub-domain is sentiment
analysis, which determines the opinion or feeling, and polarity of a given piece of
text.

In language, there are only two types of statement, a fact, and non-fact statement.
Where facts are unchangeable even when the point of view or stand is different,
there are called objective statements. On the other hand, the subjective statement
is non-neutral and non-fact, which is then very based on comments and feeling
at a particular moment in time, which may change over time. This research work
looks into how much the sentiment (polarity) of a sentence will be affected models
trainedwith either objectivity and subjectivity datasets are testedwith their opposites.
A model incorporating Attention Mechanism by Vaswani et al. [1] is proposed for
sentiment analysis withmodels trainedwith subjectivity and objectivity work vectors
is proposed and investigated.

2 Literature Review

Collobert claimed that proper training and good quality of word vectors is a boost
on accuracy for natural language processing (NLP) tasks (which includes senti-
ment analysis) [2]. Word embedding can be categorized into two major categories,
context- independent and context-dependent embedding. The differences between
context-independent and context-dependent embedding is that context-independent
embedding does not take into account the consequences of the ordering of the words
in a sentence.

For context-independent embedding, there is Word2Vec by Mikolov et al., [3],
improvements and the idea of Neutral Net Language Model (NNLM) by Bengio
et al. [4] and Collobert et al. [5], as well as FastText by Bojanowski et al. [6], which
is also an improvement on Word2Vec through the use of n-grams and was able to
perform better in Word Similarity tasks on a majority of languages and had shown
huge improvements on morphology rich languages such as German, in particular
datasets GUR350 and GUR65 by Gurevych [7], and ZG222 by Zesch and Gurevych
[8]. However on morphology poor language such as English, in particular dataset
WS353 by Finkelstein et al. [9], there was significant improvement.

For context-independent embedding, there are techniques such as Deep Contex-
tualized Word Representations or Embeddings from Language Models (ELMo) by
Peters et al. [10], which is built on top of Long Short Term Memory (LSTM) neural
nets. The ELMomodelwas able to show significant results in outperforming previous
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state-of-the-art (SOTA0models on benchmarks such as the Stanford Tree-bank (SST-
5) from Socher et al. [11]. There is also Bidirectional Encoder Representations from
Transformers (BERT) by Devlin et al. [12], built on top of Transformers and Atten-
tionMechanism [1]. BERT is not an embedding but a language model and it was able
to outperform ELMo on General Language Understanding Evaluation tasks (GLUe)
in thework ofWang et al. [13]. There is also RoBERTa: ARobustly OptimizedBERT
Pretraining Approach by Liu et al. [14] which is an improved version of BERT. The
differences in approach is that when the training size tends to get bigger, and BERT is
equippedwith the Next Sentence Prediction (NSP) andMasked LanguageModelling
(MLM) tasks, RoBERTa omits the NSP task and utilises a dynamic masking pattern
instead of static. RoBERTawas able to improve the accuracy ofBERTby fewpercent.

Although various word embeddings have been around and investigated in various
capacities, this research work looks into context-independent embedding on subjec-
tive and objective statements, particularly Word2Vec which has been the baseline
for most context-independent techniques. It has also been proven to be fast and able
to provide high accuracy. In this aspect, Tkachenko et al. [15] proposed SentiVec
which looked into improving accuracy from embedding refinement in contrast to this
research work which focuses on model implementation.

3 Methodology

3.1 Datasets

Two large enough corpora are selected to represent objectivity and subjectivity
datasets respectively. The Wikipedia English Dataset [16] is selected as the objec-
tivity dataset while the Amazon Product Reviews Data by McAuley and He [17] is
selected as the subjectivity dataset.

The Wikipedia English Dataset is selected because Wikipedia requires all the
articles to be factual and have neutral points of view (NPOV), in addition to being
large enough to train the models. Amazon Product Reviews is selected because
the entries are user experiences, which makes them potentially judgemental and
opinionated.

For this research, we assume that all comments made are purely factual or non-
factual. For testing, we have selected the Rotten Tomatoes Movie Reviews by Pang
et al. [18], an objectivity dataset, as the reviews were editor-picked and movies were
reviewed with strict guidelines and must be of NOPV. Subjectivity testing will be
the subject of a future investigation.
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3.2 Data Preparation

Pre-processing includes punctuation removal, stop word removal, lemmatization,
case lowering and normalization (normalizing non-English text into English text).
Two architectures are available for Word2Vec, Skip-gram, and Continuous Bag-of-
Words [3]. The former is utilized as it has has shown better results in a compar-
ison with the latter. For optimization, Negative Sampling (NS) is selected over
Hierarchical Soft-Max as the former is more widely used [3].

For both datasets (objectivity and subjectivity), they are trained into embeddings
of 300d (300 dimension), parameter of 5 negative samples, window size of 5 tokens,
removal of short sentences (less than 5 tokens) as-well-as rare words (less than 10
occurrences). Both embeddings are trained for 10 iterations (10 rounds of fitting and
tuning).

For each category in the Amazon Product Reviews dataset, the reviews are split
into 5000 positive and negative reviews respectively for the sentiment analysis. Each
category is also allotted 10,000 unsorted reviews for subjectivity analysis. There are
a total of 24 categories. The Rotten Tomatoes Movies Review dataset is split into
5331 positive reviews and 5331 negative reviews, for a total of 10,662 reviews for
sentiment analysis. Figure 1 shows the embedding process of the datasets.

Fig. 1 Train and test set splits
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Fig. 2 Architecture of the proposed model

3.3 Model Selection

To avoid over-fitting or one model favoring one embedding, multiple models are
considered, in this case, LogisticRegression andLinear SupportVectorClassification
(SVC). Previous comparison on subjectivity and objectivity word vectors on these
two models have been performed by Tkachenko et al. with the SentiVec embeddings
[15]. Normally, a sentence vector is created after the creation of word vectors [19].
However, we believe that some characters may not impose any weight or have any
effect, thus an Attention Layer [1] is created instead. Self-attention is a mechanism
that is able to assign ‘attention’ to a key vector (important word). This allows the
architecture in a sense to emphasis attention-ed vectors [20].

As such, a model incorporating an Attention Mechanism (Attention Model) is
proposed, and its architecture is shown in Fig. 2. The word vectors go through the
Attention Layer, generating attention-weighted features. With Bidirectional LSTM
neural nets, both the original embedding and the attention-weighted embedding are
concatenated to produce sentiment features. The model will be compared against
Logistic Regression and Linear SVC.

3.4 Design of Experiments

The three models (Logistic Regression, Linear SVC and Attention) are trained with
the objectivity (Wikipedia) and subjectivity (Amazon) embeddings. For training, 10-
fold cross-validation is utilized. The models are then tested against the objectivity
(Rotten Tomatoes) test set to eliminate the bias of overfitting.
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Fig. 3 t-SNEplots of ‘happy’ on theAmazon ProductData embedding (left) andWikipedia English
Dataset embedding (right)

4 Results and Discussions

4.1 Quality of Embeddings

Figure 3 shows the t-distributed Stochastic Neighbor Embedding (t-SNE) plot for
AmazonProduct and theWikipediaEnglishDataset embeddings on the top 10nearest
words to the word ‘happy’. The t-SNE for both datasets show that word similarities
are found in the embeddings, for example, ‘love’, ‘fun’, ‘glad’ are clustered together
with ‘happy’. However, outliers are also present. For Amazon Product Reviews, we
can see that ‘disappointment’ is included, but not found in the t-SNE for Wikipedia
English Dataset. On the other hand, ForWikipedia English Dataset, the word ‘happy’
comeswith ‘sorry’, which is not found for in the t-SNE forAmazon Product Reviews.

4.2 Sentiment Analysis

Table 1 shows the accuracy of the three models trained with the objectivity and
subjectivity embeddings. Performance of all three models were very close, with
Linear SVC performing the best for objectivity embedding, while Logistic Regres-
sion and Attention tied for subjectivity embedding. An interesting observation is that
the models with objectivity embedding performed worse than those with subjectivity
embedding, even though the testing was performed with an objectivity embedding
test set.

Table 1 Accuracy of the Logistic Regression, Linear SVC and Attention models

Model Logistic regression Linear SVC Attention

Objective embedding (Wikipedia) 0.7262 0.7286 0.7189

Subjective embedding (Amazon) 0.7637 0.7618 0.7637
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Table 2 Accuracy of the Logistic Regression, Linear SVC and Attention models with data
augmentation, and BERT model

Model Logistic regression Linear SVC Attention BERT

Objective embedding (Wikipedia) 0. 7203 0.7293 0.7306 0.7805

Subjective embedding (Amazon) 0. 7622 0.7608 0.7772

From the performance, we believe there is a limiting factor in the form of the size
of the training data. In view of this, we have decided to augment the data. In order to
to do this, the corpus was augmented with the Easy Data Augmentation (EDA) [21].
Augmentations include synonym replacement, random insertion, random swap, and
random deletion. The performance of the models after augmentation are shown in
Table 2. The Attention model achieved the highest accuracy, although the difference
between the other two models were not big.

For comparison, we also considered BERT [12]. In BERT, transformers are
equipped with attention mechanism, encoder and decoder and has achieved high
accuracy on the General Language Understanding Evaluation (GLUE) benchmark
by Wang et al. [13]. In the case of BERT, the uncased English language model
(BERT’s default trained with Wikipedia and BookCorpus by Zhu et al. [22]) was
utilized and transfer learning was applied, thus none of the previous embeddings
were used. In transfer learning, instead of re-creating the whole network architec-
ture, it uses the base architecture and fine-tune the last few layers. This allows for
acceptable performance in shorter time because instead of training the whole new
network architecture, only a small number of layers on the network architecture is
trained. Transfer learning has shown improvement and great accuracy on multiple
areas, not limited to text, such as safety guardrail detection that uses the base architec-
ture from VGG-16 network by Kolar et al. [23], melanoma screening using the base
architecture from ImageNet by Menegola et al. [24] and for text, there is BioBERT,
a BERT architecture that is trained for Medical Usage by Lee et al. [25].

With the usage of transfer learning, there is a reduction in computation and training
time. The result from BERT is appended to Table 2 for comparison with the other
results. BERT has the best performance compared to the other three models. Even
though transfer learning was applied on the BERT model, it still performed the best
out of all the four models. We believe that this is the case because of the large pre-
trained data for its embedding, and its encoder and decoder structure. While the
Attention Model is only encoded with one attention-mechanism, BERT utilizes the
attention-mechanism in multiple steps.

5 Conclusions

Wordembeddings representing the notionof objectivity and subjectivitywere utilized
in models for sentiment analysis. The models utilized include Logistic Regression,
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Linear SVC and the proposed Attention model. The Attention model was able to
achieve higher accuracy compared to the other two models when a large enough
dataset was used. In the case of objectivity and subjectivity, models trained with
the objectivity word embeddings performed worse than their counterpart. When
compared with a state-of-the-art model, BERT was able to achieve higher accuracy
compared to the other three models even though the model training was performed
with only transfer learning.

In future, wewill look into testingwith a subjectivity dataset on bothword embed-
dings. Furthermore, incorporating the notion of objectivity and subjectivity into the
embeddings of the BERT model will also be considered.
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A Question-Answering System that
Can Count
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Abstract This paper proposes a conceptual architectural design of Question-
Answering (QA) system that can solve “counting” problem. Counting problem is
the inability of QA system to produce numerical answer based on retrieved rationale
(in text passage) containing list of items. For example, consider “How many items
are on sale?” as question and “Currently shampoo, soap and conditioner are on sale”
as retrieved rationale from text passage. Normally, system will produce “shampoo,
soap and conditioner” as an answer while the ground truth answer is “three”. In other
words, system is simply unable to perform the counting process needed in order to
correctly answer such questions. To solve this problem, QA system architecture with
following components is proposed: (1) A classifier to determine if given question
requires a counting answer, (2) A classifier to determine if current system’s answer is
not numeric, and (3) A countingmethod to produce numerical answer based on given
rationale. Despite looking like a whole system, the proposed architecture is actually a
modular system whereby each component can operate independently (allowing each
component to be separately implemented by other systems). In essence, this paper
intents to demonstrate a general idea of how the defined problem can be solved using
a modular system, that hopefully also opens up more flexible enhancements in the
future.
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1 Introduction

Within the software engineering field [16, 17], Question-Answering (QA) system
is a computerized algorithm that produces output (answer) based on user’s input
(question) through the usage of Natural Language Processing (NLP). Relatively
similar to chatbot [13–15], QA systemwill produce answer based on rationale (a span
of text) extracted from a given text passage/corpus. To find a correct rationale, system
must understand the question’s context whether it is direct (no polysemy involved),
or indirect (has some sort of polysemy or hidden meaning). To understand context
in natural human language, the system must first understand the language itself
(primarily themeaningof eachword in the sentence).Over the years,NLP researchers
have come up with a system called Language Model that can “understand” human
language by learning word co-occurance patterns.

Mathematically, Language Model (LM) is a probability distribution system that
produces probability values for each word in the text sequence (typically large
sequence such as collection of documents). By predicting occurrence probability
of words-against-words, relationship of semantic emerges (“a word is characterized
by the company it keeps”—[5]). This relationship is what makes LM “understand”
human language, that is not perceiving word as an atomic item, but as surrounding
words that relate to it. While LM is good at understanding language, it still needs to
be fine-tuned in order to perform well in task specific processes (such as QA). This is
because LM only understands language but not how to use it (like human understand
cars but need to learn how to drive it).

To fine-tune LM for QA system, a specific QA dataset is used. QA dataset gen-
erally is a collection of human answers towards human questions in regard to text
passages (a reading comprehension exercise). Threemost referredQAdatasets to date
are SQuAD (The Stanford Question Answering Dataset) [19], CoQA (A Conversa-
tional Question Answering Challenge) [20] and QuAC (QuAC: Question Answering
in Context) [3]. For all datasets, fine-tuned LMs (with additional components) are
shown to perform well [8, 9]. In general, evaluation is done based on how well
the system performs towards overall data points. With majority correctness as main
target, minor error is not given much attention. One of such error is identified as
“counting” problem [8].

Counting problem in QA system is an error where the produces answer for “How
many” type question is not numerical. As an example, consider the question “How
many items are on sale?”. With good fine-tune LM, QA system can retrieved follow-
ing rationale from a given passage “Currently shampoo, soap and conditioner are on
sale”.Without solution to counting problem, QA system thenwill answer “Shampoo,
soap and conditioner” while in fact the ground truth answer is “Three”. Because the
QA system is not able to solve the counting problem, it can only produce answer that
is a list of relevant items based on identified context in the question.
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Following are contributions of this paper:

– A proposal of QA system architecture that can solve the counting problem.
– A proposal of three independent components in modular system setup that can be
assembled in order to solve the counting problem.

2 Related Work

Current trend in NLP is pretrained Language Model (pLM), that is a generalization
of LM. pLM is an LM that can independently be trained to relatively understand any
textual human language. After being trained, pLM can be fine-tuned in order to make
it perform well on specific downstream Natural Language Understanding (NLU)
tasks. Example of such task are single and pair sentence classification, sentence
tagging, reading comprehension, and so on [21]. Among currently famous pLM are
GPT-3 [2], BERT (and it’s variations) [4, 7, 10–12], XLNET [25] and ELMo [18].
For QA systems, “reading comprehension” is the core NLU downstream task that
needs to be addressed. To make pLM able to perform well on this task, fine-tuning is
done using QA datasets such as SQuAD [19], CoQA [20] or QuAC [3]. In general,
those datasets contain three interrelated data: (1) A text passage about a particular
subject, (2) A factual question related to the passage (multiple questions per passage),
and (3) An answer to each question (to be noted that each dataset has its own quirks
but basic data structure is fairly similar).

Fine-tuning pLM might address basic QA system requirement but there is still
more to be improved. The basic two steps approach for QA system in answering
question is: (1) Looks for factual information (a rationale) in text passage based on
semantic information in the question (using learned QA relationship patterns), and
(2) Produce answer based on retrieved rationale (rationale is a span of text from
the referred passage). Because each dataset/domain has its own quirks and features,
researchers augment pLM with various modules to make it perform better in regards
to each dataset. Following are some of those augmented implementation: Wen et al.
augment pLM with specific module to address why-question in clinical domain QA
system [23], Banarjee et al. augment abductive information retrieval method to pLM
in order to address open book QA reasoning [1], Wang et al. augment pLM with
scoring mechanism for multi-passage answer retrieval in attempt to improve open
domain QA system [22], Yang et al. augment specific information retrieval toolkit
called Anserini to address QA systemwith large passage sequence [24], andGodbole
et al. augment IR technique that able to address multi-hop QA requirement [6].

Among those augmented modules, none has addressed “the counting problem”
issue. Although not presented much in those datasets (only 5.1% in CoQA [20]
dataset and even smaller percentage in others), the counting problem is everywhere in
everyday human conversation. One such conversation domain is buying-and-selling
where “howmany”question type/style is used a lotwhendealingwith itemson sale, in
stock, in packaging and so on. With this realization, this paper intents to demonstrate
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a general idea of how the counting problem can be solved using a modular system.
Withmodularization architecture, proposes system’s modules can be augmented into
current system as to improve SoTA results on “how many” type questions. Proposes
system is also unbiased towards knowledge domain, that is because its targeted
on non-contextual word for question type classification (further explanation is in
subsection 3.2 “Question type classifier (C1)”).

3 Architecture

This paper proposes a QA system architecture that is designed upon two main objec-
tives: (1) To solve the counting problem in system’s answer, and (2) To become
reusable in other systems. While objective one is very clear (the main objective),
objective two requires some elaboration. To make a system that is reusable for other
systems, it’s components need to bemodular (independent units). To achieve this, the
propose system must maintain the fundamental process of how QA system produce
an answer, that is by retrieving rationale from the given passage. By maintaining this
process, answers that do not suffer from the counting problem can produce similarly
as before. Following Fig. 1 depicts the proposed architecture (the whole system) in
data flow format.

Referring to Fig. 1, general input-output process for proposed architecture is
fundamentally similar to other QA system where system accepts two input texts
(question and passage) and produce one output text (answer). Following the data
flow, input will go through four system components: (1) Fine-tune language model
(ftLM), (2) Question type classifier (Classifier 1 or C1), (3) Answer type classifier
(Classifier 2 or C2), and (4) Counting method (Method 1 or M1). Apart from normal
flow (going through all four components), data can also flow directly to the last stage
from C1 or C2 component. These are cases where system can bypass subsequent
component if it has been identified that the inputs did not suffer from the counting
problem (further explanation is in subsection 3.4 “Counting method (M1)”). To be
noted that ftLM is a required component for C1 and C2 (required for language and

Fig. 1 General architecture
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sentence comprehension task). As such, if C1 or C2 is to be used independently, ftLM
is needed to be included as preprocessing module. Next subsection will elaborate
more on each component.

3.1 Fine-Tune Language Model (ftLM)

ftLM is the first component that system’s inputs need to go through. ftLM main
objective is to retrieve rationale from input passage given input question’s context.
In details, ftLM needs to perform two interrelated processes which are: (1) Read-
ing comprehension and (2) Rationale retrieval. Referring back to Fig. 1, ftLM (big
dashed-line box) contains LM (small solid-line box) surrounded by “Task specific
fine-tune” process ft. In correlation, LM is reading comprehension (process 1) mod-
ule, and ft is rationale retrieval (process 2) module.

In QA system context, ft is a process of fine-tuning LM using QA dataset such as
SQuAD, CoQA and QuAC. Conclusively, LM is used for system to comprehend pre-
trained language (e.g. English language) and ft is used for system to guess semantic
relation between question text and passage text. As overall architecture is designed
to be modular, rationale extraction can be improved by embedding more component
towards base ftLM module.

3.2 Question Type Classifier (C1)

C1 is a component that takes question and passage text as inputs, and classify it into
one of two question types: (1)Question that does not requires numeric answer, and (2)
Question that requires numeric answer (a binary classification problem). Following
Fig. 2 depicted the propose C1 component design.

Figure 2 denoted ftLM as fine-tune Language Model (as in Fig. 1), Q as question
text, R as ftLM’s resulting rationale, A1 as preprocessor, A2 as Neural Network
(NN), and A3 as Sigmoid function. As explained in the previous section, ftML will
retrieve rationale from input passage given input question’s context. From ftML, A1
will receive rationale and also the original question text as its inputs. A1 objective is
to remove all context-related words from question input in order to get not-in-context

Fig. 2 Question type classifier
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words which is the question words (e.g. “What”, “Where”, “How many” and so on).
Following is the proposed algorithm for A1 subcomponent:

1. Get question text Q and rationale R as inputs
2. Get each word embedding for Q and R
3. Calculate cosine similarity cos(θ ) between eachword inQ, towards eachword inR
4. Remove word in Q that cos(θ ) value is within threshold t
5. Pass remaining Q words embedding to the next process.

Upon completion, A1 subcomponent module will pass embeddings of not-in-
context question words into A2. A2 is a multilayer neural network with Sigmoid
neuron (A3) at the end. Standard logistic function (where k = 1, L = 1, x0 = 0) will
be used for Sigmoid as C1 needs to predict binary class for question type which are:
Type 0 - Question that does not requires numeric answer, and Type 1 - Question
that requires numeric answer. Sigmoid calculation will produce a value within 0 to
1 range, that is a classification of Type 0 for 0 to 0.49 range value, and classification
of Type 1 for 0.5 to 1 range value. For C1 training purpose, QA dataset will needs
a label value where Type 0 is labeled 0, and Type 1 is labeled 1 (supervised ML
model).

3.3 Answer Type Classifier (C2)

The purpose of C2 component is to classify whether ftLM (that has been fine-tune
for QA system) produce a numeric answer or not. Similar to C1, C2 needs to solve
binary classification problem with natural language text as its inputs. Following Fig.
3 depicted the propose C2 component design.

Figure 3 denote ftLM as fine-tune Language Model (as in Figs. 1 and 2), B1 as
Neural Network (NN), and B2 as Sigmoid function. From ftML, B1 will receive
rationale text embeddings as input. Similar to A2 (Fig. 2), B1 is a multilayer neural
network with standard logistic function Sigmoid neuron (B2) at the end. Binary
classes to be classified by B1 are: Type 0—Answer that is semantically not numeric,
and Type 1—Answer that is semantically numeric. To be a “semantically numeric”
answer, rationale textmust contains numerical-valued text, be it in actual number (e.g.
1, 2, 3) or text representing number (e.g. one, two, three). As for training process, C2

Fig. 3 Answer type classifier
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will use standard QA dataset with additional label value that is similar to C1 training
requirement where Type 0 is labeled 0, and Type 1 is labeled 1 (also a supervised
ML model).

3.4 Counting Method (M1)

To perform a counting process, C1 and C2 components need to satisfy following two
conditions: (1) Input question is a type that requires numeric answer (Type 1 for C1
classifier), and (2) ftLM outputted rationale is not semantically numeric (Type 0 for
C2 classifier). By basic logic, condition one is prerequisite to condition two. This
is because the counting process is only needed for question that requires a numeric
answer. Following Fig. 4 depict path that needs to be satisfied by the data flow in
order for M1 to be activated.

M1 component objective is to receive natural language text as input (in a list
of items format), and produce the summation of items as output. As powerful as
ML is, it is still bound to basic probability principle which is “predicting a value”. In
mathematical calculation, the produced answer is definite therefore no amount of data
can be feed into ML to predicts every possible outcome of mathematical calculation
(because real numbers are infinite). As such, M1 requires traditional computing
method in calculating summation of items in a list. Following is proposed algorithm
for M1 component:

1. Get answer text A as input
2. Segment A text into item array Ar through lexical analysis
3. Loop Ar to count items presented in A (count++)
4. Output final count value.

When complete, M1 will produce a count value (the summation of items) in
number format. As QA system usually uses text format, a conversion is needed. In
usual formal writing, number 1 to 10 is written in text format while number 11 and
above is written in number format. On that account, count value only needed to be
converted into text when its value is under 10. Maintaining this scope will make it
simpler for conversion process as real numbers are infinite.

Fig. 4 M1 activated path
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4 Discussion and Future Work

This paper proposes a QA system general architecture to solve the counting problem
using modular four parts components. This proposed system differs from previous
works in two regards: (1)AQAsystem that specifically intended to solve the counting
problem while previous works focused on achieving SoTA result on whole datasets,
(2) A modular system component that can also be implemented in other case study
(such as binary question/answer text classification), while previous works proposed
a close architecture system for specific QA dataset only.

Similar to other conceptual proposal, proof of concept implementation is crucial.
For presented architecture, first task is to independently test and verify the three
proposed components (C1, C2 and M1). Other than to make sure each component
works as intended, this task is also to justify the modular design proposal. After
all components are throughly validated, next task is to ensemble all components to
become one functional QA system. With this ensemble system, standard QA system
benchmark data can be used to test and evaluate the whole architecture. Keep in
mind that this system might not achieve SoTA result since its main focus is to solve
counting problem. It is however possible for other components to be incorporated
later (in order to achieve new SoTA) as the system is modular in design. In addition
to standard research datasets, this system can also be validated using real world
human conversational datasets as to further justify the needed modules for solving
the counting problem in QA domain.

5 Conclusion

This paper proposes a conceptual architecture for QA system that intend to solve
counting problem in system’s generated answer. Proposed architecture is designed
to bemodular in a sense that each component canwork independently. This is to allow
other systems to able to embed just the needed component (without thewhole system)
effortlessly. To solve the counting problem, three components (excluding generalized
language model) are proposed within one ensemble system. Those components are
(1) Question type classifier, (2) Answer type classifier and (3) Counting method.
Component one and two are machine learning based, while component three is
traditional programming method. Collectively, all components can be used to solve
counting problem while independently, each component can be used to solve its
predefined purpose (binary classification for component one and two, and syntactic
mathematical addition problem for component three).
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Contactless Patient Authentication
for Registration Using Face Recognition
Technology

Kian Yang Tay, Ying Han Pang, Shih Yin Ooi, and Fan Ling Goh

Abstract Patient registration is an essential process in every clinic and hospital
before services are provided to patients. Usually, patient’s identity card or fingerprint
(through a fingerprint scanner) will be requested for identity authentication in order
to retrieve medical records of the patient. However, the current global health crisis of
COVID-19 pandemic is raising concern on the hygiene and safety of sharing objects
or touching surfaces. Same worry is also occurred towards the patient registration
interaction process; further, hospitals and clinics are classified as high risk premises.
Therefore, a contactless patient authentication for registration using face recognition
technology is proposed in thiswork. In this system, a face is scanned and processed. If
the face exists in the database indicating that the subject is an established patient, the
patient’s records will be retrieved. Else, a new patient registration will be performed
to register a new account. The efficiency of the system is assessed using our self-
collected database. Empirical results show that the proposed system is able to attain
94% accuracy. But, an inferior performance is obtained, especially dealing with
makeup variation.

Keywords Contactless · Patient registration · Face recognition · Local binary
pattern
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1 Introduction

Patient registration is essential to the bottom line of amedical practice. It is a complex
process that collects a substantial amount of patient’s data, including demographic
information, health payer coverage, health history, etc. Patient registration is the
first step to generate medical record and personal information of the patient before
healthcare services could be provided. It is a mandatory process in every clinic and
hospital in order to provide services to the patient, as well as to keep a record of the
services that has been availed by the patient. For an established patient, the patient
is also required to perform registration at the clinic counter as the first step of each
visit (revisit). Usually, it is done by just submitting his identity credential for identity
authentication.Once the patient’s identity is verified, the registration is to confirmand
update the patient’s demographics and insurance information due to the frequently
changes of circumstances, as well as retrieving the medical record of the patient
which is crucial as a reference for medical officer’s diagnosis. Figure 1 illustrates

Fig. 1 Registration process of (a) new patients and (b) established patients
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clinic assistant

submitting

returning

patient

Fig. 2 Registration interaction between a patient and a clinic assistant

new and returning patient registration processes.
A patient is required to submit his identity card, coined as IC, to a clinic registra-

tion assistant for identity authentication. With holding the submitted IC, the clinic
assistant will help the new patient for registration or retrieve themedical record of the
established patient. This registration process has been practiced for years. Figure 2
illustrates the registration interaction between a patient and a clinic assistant.

In some healthcare institutes, on top of handling the IC, patients are required to
scan their fingerprints via a fingerprint scanner for multimodal identity authentica-
tion. However, the recent global health crisis of COVID-19 pandemic, also known
as coronavirus pandemic, is raising concern on the hygiene and safety of sharing
objects or touching surfaces in public spaces. Same worry is also occurred towards
the patient registration interaction process; further, hospitals and clinics are classified
as high risk premises.

COVID-19 virus is transmitted between people through respiratory droplets and
contact routes [1–5]. The virus remains suspended in droplets smaller than 5microm-
eters, known as aerosols. It can stay suspended and live on surfaces from several
hours to a few days [6–8]. These touching surfaces are paper, copper, cardboard,
wood, cloth, plastic, glass, etc., which are common touching objects like door knobs,
elevator buttons, shopping carts, public faucets, ATM screens/buttons, gas pumps,
handrails, etc. Nevertheless, those fingerprint scanners used for patient registration
can be likely contaminated. Possibly, the route of virus transmission begins from the
carrier’s nose, eye or mouth and moves to his fingers, then to the fingerprint scanner.
Since fingerprint scanner is a shared device, from there the virus transfers to another
person. Handling a card is similar to touching any other surface. If the contaminated
card is not sanitized, it can harbor germs and act as a virus transmission medium.

The sign of nervousness over touching surfaces has arisen. In viewing this, the
current patient registration system should be revised to minimize the contact proce-
dure. The hygiene distress raises the demand of touchless technology. In this work, a
contactless patient registration systemusing face recognition technology is proposed.
In literature, there are numerous deep learning approaches for highly accurate face
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recognition [9–12]. With softmax and correlation loss supervision, the proposed
deep correlation feature learning (DCFL) model learns deep features with the inter-
class separability and the intra-class compactness [9]. This deep model shows highly
discriminative capability for face verification. Further, a deep heterogeneous feature
fusion network is also proposed [10]. In this network, different deep convolutional
neural networks are constructed to generate complementary informative features
for template-based face recognition. This approach fuses different deep features by
learning the nonlinear projection of the deep features and producing a discrimina-
tive representation through preserving the inherent geometry of the deep features.
Undoubtedly, the performance of deep learning approaches is great. However, deep
learning is highly computational intensive [13]. A high-priced computer with high
performance computing is required. This may cause limited potential markets since
many panel clinics are hardly to invest such expensive machine just for patient
registration purpose. Hence, a local feature descriptor is adopted as feature extrac-
tion technique in the face recognition system. Unlike those deep approaches, the
implementation of the local feature descriptor is much computational efficient and a
common home computer is sufficient to support the process.

2 Patient Registration System Using Face Recognition

This patient registration system is developed with the following coding environment:

• Microsoft Windows 10 (64bit)
• 8 GB RAM
• Intel Core i7-7700HQ
• NVIDIA GeForce GTX 1050
• NetBeans IDE
• MySQL database (database setup)
• XAMPP (database setup)
• Java Development Kit (JDK 8)
• OpenCV 2.4 (face recognition)
• JavaCV 1.5 (face recognition).

Figure 3 illustrates the flow diagram of a patient registration process. A face is
scanned and processed. If the face exists in the database, this means that the subject
is an established (existing) patient of the clinic, so the relevant records of the subject
will be retrieved. On the other hand, if the face never exists in the database, a new
patient registration will be performed to register a new account for the patient.

In this system, a real-time face detection and recognition is performed using
Local Binary Pattern (LBP) on OpenCV and Java. LBP is a simple yet efficient
feature descriptor with low computational complexity [13]. LBP encapsulates local
constitute of face images by corresponding each pixel with its neighboring pixels.
This makes the extracted features to be invariant to illumination variation. Hence,
LBP is able to achieve a good performance in face recognition. Figure 4 shows
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Fig. 3 Flow diagram of
patient registration

block region block-wise LBP histogram feature histogram

Fig. 4 Facial feature extraction using LBP

facial feature extraction using LBP. More details of LBP in face recognition could
be referred in [14]. Figure 5 illustrates the overview of the face recognition process.
A face is detected and captured. The preprocessed face region is further analyzed via
LBP descriptor to extract informative features for representation. Then, the extracted
feature representation template is classified for identity authentication.
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Fig. 5 The overview of face
recognition system

Face detection and preprocessing

Feature extraction

Classification

3 Application of Patient Registration System

A database is setup to store the data of patients. The data includes patient’s personal
data, medical records, appointment data as well as their enrolled facial template
during the first registration, as shown in Fig. 6. For a returning registration, the
newly captured facial data of a patient will be matched with all the facial templates
stored in this database. If there is a match, the relevant data of the particular patient
will be retrieved within seconds. Else, a new registration page will be prompted out
for the new patient to register.

Figure 7 illustrates the pages of the application of patient registration system.
Clinic registration assistant has two options to register an existing patient: (1) face

Fig. 6 Database of patient records
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(a) (b) (c)

(d) (e) (f)

(g) (h)

Fig. 7 Patient registration system

scanning and (2) IC, shown in Fig. 7a. During a new patient registration, personal
data as well as medical records of the new patient will be captured and stored in
the database, Fig. 7b. 25 facial photos are automatically captured continuously and
processed into facial templates which then will be kept in the database for future
matching purpose (Fig. 7c). For an existing patient registration, if option face scan-
ning is selected, the system will automatically detect the face of the patient and
perform face recognition, Fig. 7e. If the captured face is matched with the facial
template in the database, the patient’s records will be retrieved within few seconds,
Fig. 7f-h. Else, a new patient registration page will be prompted out.
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4 System Performance Analysis Test and Discussion

In order to evaluate the efficiency of the proposed system, a system performance
analysis test is conducted with 30 subjects with 25 photos per subjects for system
training purpose. Each subject is required to perform 5 attempts of testing and the
average accuracy score is calculated. To better assess the efficacy of the system
in dealing with the real world scenario, we introduce several intra-class variations
between training and testing environments:

• Illumination—~40% illumination difference
• Makeup—without makeup during training and with makeup during testing
• facial expression—no expression during training and different expressions during

testing
• camera-to-subject distance—~30 cm distance from camera during training and

~60 cm distance from camera during testing
• facial details—without and with glasses.

From Fig. 8, we can observe that the proposed system is able to attain 94%
accuracy in face recognition. This deduces that the local features encoded in LBP
descriptor are well representing the facial data. However, the performance of the
system is slightly inferiorwhendealingwith illumination and facial details variations.
The performance is degraded for 4% and 7% in the facial details and illumination
variation conditions, respectively. Nevertheless, it is still able to obtain 90% and
~87% performance accuracy. On the other hand, when dealing with facial expression
and camera-to-subject distance variations, the performance of our proposed system
further drops. The accuracy rate is dropped with 17–20%. From the empirical results,
we also observe that the system shows worst performance with makeup intra-class
variation. The obtained accuracy result is merely 63%. The result reveals that facial
makeup could alter the appearance of a person and degrade the performance of an

Fig. 8 System performance accuracy and standard deviation under different conditions
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automated face recognition system. This finding is consistent to the literature studies
that the performance of their proposed face recognition systems are also affected in
the presence of makeup on face [15, 16].

5 Conclusion and Future Scope

This paper presents a contactless patient registration systemby using face recognition
technology. In this registration system, face of a patient is captured and processed into
local feature template via Local Binary Pattern descriptor. The transformed feature
template will be matched with the facial templates that enrolled earlier (during the
new patient registration) in the database. If there is a match, this indicates that the
detected patient is an existing patient of the clinic and hence his records will be
retrieved. Else, he is required for new patient registration. Experimental results show
that the system is able to obtain a promising performance in face recognitionwhen the
training and testing conditions are uniform. However, the performance is degraded,
especially dealingwithmakeup variation. In our futurework, wewill explore a robust
algorithm that can well handle intra-class variations, especially makeup variation.
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Drawing and Recognising Simple Shapes
with Real-Time Feedback Using Pattern
Recognition

Juharizal Adi Jen, Norizan Mat Diah, and Zaidah Ibrahim

Abstract Pattern recognition is a mature but exciting and fast-developing field
concerning computer vision, image processing, shape drawing, and text analysis.
The shape pattern can be recognised easily using this technique. Some children
have difficulties in identifying shapes. Therefore, through shape drawing exercises,
it helps children to understand better. This project aims to develop a mobile applica-
tion, assisting children in practising drawing using pattern recognition. It can identify
shape types by matching the shape pattern with the given input. It will classify the
information provided based on the feature extraction using the Freeman Chain Code.
Then, each shape pattern is recognised using regular expression tools. Functionality
testing has been conducted on this application with an accuracy of 80%. The appli-
cation will encourage children to draw more by giving feedback on the exercise
that they do. It may assist children in learning a new, better way of drawing shape
accurately while improving children’s fine motor skills.

Keywords Children · Drawing · Freeman chain code · Pattern recognition · Shape

1 Introduction

Learning about shapes helps children to identify objects as well as letters. For
instance, an ice-cream cone ismade up of a triangle and one ormore circles, while the
letter O is made up of a circle. Thus, identifying the object shapes plays an important
part in various visual knowledge aspects [1]. Therefore, it is a powerful feature when
it can be learnt in the early stage. If children have problems identifying the object
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shapes, they may have difficulties handling themselves in the real world in the future
[2, 3].

It is important to apply both image pre-processing [4] and feature extraction to
obtain good results [5]. The pre-processing step involves extracting the x and y
coordinates of every pixel while feature extraction involves the Freeman Chain Code
creation to represent the shape boundary and edges. The feature extraction ensures
every edge point along a contour is being measured so that the shape is perfectly
matched. Pattern matching is the final step in which the pattern produced by the
Freeman Chain Code is being matched to the collected patterns or shape templates.
This template matching technique is important to ensure that the pattern is accurately
identified. A regular expression tool is used in this project to match the shape. The
regular expression, commonly known as regex, is a special text string for a search
pattern. This regular expression has several syntaxes that can be used based on the
logical creativity of the programmers.

2 Background

A clear basis for problem-solving skills can be achieved if a person can master the
pattern. One can identify an object or shape easily through a pattern. The pattern is
defined as a design or model used as a guide in needlework and other crafts. It can
either be seen physically or observed mathematically by applying algorithms [6].
The more elegant and intricate the pattern, the more beautiful the braid in space-time
is, the more satisfying its existence [7].

Informally, pattern recognition is widely used to identify or recognise the related
pattern. Pattern recognition is defined as a pattern recognition process by using
machine learning or the characteristics detection or data arrangements, providing
information about a given system or data set [8].

There are two main categories in pattern recognition, which are supervised and
unsupervised learning. In supervised learning, all the data is being labelled, and the
algorithms learn the output prediction based on the input data. On the other hand,
all data is unlabelled in unsupervised learning, and the algorithms learn to inherent
structure from the input data [9].

By using the Freeman Chain Code to extract the shape features, the extraction can
be done in every direction. Freeman Chain Code is an external representation used
to describe an object or component based on its boundary [10]. If the edge point list
along a contour is registered, chain codes are used to represent each object shape
borders in the image [11]. The codes sequence is determined by identifying a pixel
starting point and the unit vector series. The vectors are obtained from a movement
from one pixel to another in several directions; either upward, downward, to the right
or left, along the object’s boundary until it returns to the starting point. Usually, the
Freeman Chain Code has a 4-connected or 8-connected neighborhood (Fig. 1). The
chain code contains numbers ranging from 0 to 3 or from 0 to 7 [12].
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Fig. 1 The 4-connectivity and 8-connectivity schemes of Freeman Chain Code

Freeman Chain Code has several features that are usable for many researchers.
According to [13] Freeman Chain Code can detect circles and arcs. Based on the
circle or round objects characteristics in Freeman Chain Code, a full circle will be
identified first and followed by the remaining edges.

Azmi and Nasien [14, 15], conducted a study on English handwriting using
Freeman Chain Code as data representation, classifying data after preprocessing,
and feature extraction stages [16]. Preprocessing involves eliminating noise to facili-
tate the feature extraction process. The feature extracted as the Freeman Chain Code
contains the boundary code of each character image, including the location directly
for the next pixel and the corresponding environment in the image. The Freeman
Chain Code advantage is that it can reduce data and store information. With this
Freeman Chain Code advantage, it has been widely used as a research topic. Further-
more, Freeman Chain Code can detect straight lines. According to [17], the Freeman
ChainCodewas used in their research because it could recognise lines effectively and
accurately. In the study, they used the boundary trace method to get the boundaries
in binary images and calculate the Freeman Chain Code for each boundary.

3 System Development

The system development begins at the image pre-processing stage starting after
gathering the input data from the mobile phone. The input data consists of the shape
types. Next, it will pass through the feature extraction stage in which the image
gathered are extracted using the Freeman chain code. The obtained data will be
inserted into a new data file. The pattern matching stage will follow suit to match
the input data from the early stage to see whether it matches. In this stage, the
extracted pattern stringwill bematched to expressions being set up. The results, either
successful or unsuccessful, will be displayed on the screen. The system architecture
is shown in Fig. 2.
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Fig. 2 System architecture

3.1 User Interface

There are three user interfaces designed for this system, which are the main page,
selecting shapes, and drawing canvas. When users touch the application icon on
the mobile phone, the system will go directly to this main page (Fig. 3). Two
modules are provided in this application, namely tutorial and drawing. There are
four option buttons provided to guide users to go through the applications, which are
“Latihan Melukis” (Drawing Exercise), “Tutorial” (Tutorial), “Melukis” (Drawing),
and “Keluar” (Exit). If users wish to test their drawing skills, they just need to touch
the “Latihan Melukis” button.

Figure 4 shows the selecting shape interfaces. These interfaces will appear on the

Fig. 3 Main page
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Fig. 4 Selecting shape
interfaces

Fig. 5 Drawing canvas
interfaces

screen when users touch either “Latihan Melukis” or “Tutorial” button. There are
five buttons provided representing five shapes. Users can choose any shape type they
want to draw. Moreover, the interface offers a back button at the top left corner.

There are two different canvas types but with similar characteristics (Fig. 5). One
canvas is to ensure the drawn shape is accurate by providing tools such as pencil and
tick icons while the other canvas is to enable free drawing with the same tools as the
previous canvas but with an eraser as an additional tool.

3.2 Real-Time Feedback Engine

This system aims at identifying the best possibility to match the shape drawn by
the children is achieved in this process by using pattern recognition, which will be
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discussed in this section. Mainly, the purpose of the system purpose is to match the
drawn shape pattern.

Pattern Recognition
Pattern Recognition is used in this system. The data will be collected among users.
There are three pattern recognition phases, which are pre-processed analysis, feature
extraction, and pattern matching.

1. Pre-processed Analysis
In this phase, all shape type data that will be used in this systemwill be collected,
such as every pixel line coordinate and the shape types. The coordinate is to
calculate each pixel movement distance between x and y made by users when
they draw each shape on the canvas provided. There will be many coordinates
depending on how users draw. All coordinates are stored in an array.

2. Feature Extraction
Feature extraction is a phase in which the shape features are extracted through
every drawing movement performed by users. Besides, the collected coordinates
can be used to identify the shape extraction by showing the calculation of x and
y pixel distance. The extraction is divided into divisions, such as the top, middle,
bottom, right, and left. This system uses an 8-connected neighbourhood Freeman
chain code appending into a string and stored in an array.

3. Pattern Matching
Every set of patterns, using the collected data, will be matched by the tools to
deter-mine suitable matching patterns. Regular Expression tools are used to test
whether the patterns are a match.

Regular Expressions
A regular expression or known as regex is a unique search pattern for the string text.
A regular expression “engine” is a piece of software processing regular expression,
trying to match the given string pattern. The regular expression has several syntaxes
that canbeusedbasedon the logical creativity basically for the programmers. Figure 6
shows an example of the data taken.

Figure 6 shows an example of shape pattern data using regular expressions tools.
Shape extraction features will be inserted in the test string, and the regular expression
form will be used to make an expression matching the test string.

Testing
Testing was conducted to ensure the application functionality is satisfying and get
feedback from users concerning the application usability for future use. The forms
were distributed and answered by the respondents based on their experiences using
the application. Table 1 shows the test case form, which is the test case for the project
system evaluation.

The application results to match the shape patterns were validated whether they
matched accurately with the users drawing. Table 2 shows the application validation
results, while Fig. 7 shows the graph for each shape pattern average accuracy. Based
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Fig. 6 Regular expression tools

on Fig. 7, mostly, the average is between 80% and 100%. The average accuracy
for drawing the circle and triangle is 100% while others are 80%. The circle and
triangle achieved 100% accuracy due to the shape features that are easily matched
by the regular expressions. Based on the users’ feedback, the system will be further
enhanced in the future.

Based on Fig. 7, mostly, the average is between 80% and 100%. The average
accuracy for drawing the circle and triangle is 100% while others are 80%. The
circle and triangle achieved 100% accuracies due to the shape features that are easily
matched by the regular expressions. Based on the users’ feedback, the system will
be further enhanced in the future.

4 Conclusion

The regular expression in pattern matching was used in this project because the tool
can match the patterns using expressions with the creativity of programmers. A set of
data was collected, analysed, and tested using the regular expression to get suitable
expressions to match the obtained data pattern. The application interface, which is
the final project component, was designed and developed to complete the whole
project. Functionality test was conducted to get the system performance accurate
results. Based on the testing analysis, this project passed all the testing required. To
conclude, the project can help children learning how to draw shapes accurately in a
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Table 1 Test case form

Test case Function Description Expected result Actual result Pass/Fail

1 “Latihan
Melukis”
button

Navigate users to
the next page

Navigate users to
selecting shapes

Pass/Fail

2 “Tutorial”
button

Navigate users to
the next page

Navigate users to
selecting shapes

Pass/Fail

3 “Melukis”
button

Navigate users to
the next page

Navigate users to
the drawing
canvas

Pass/Fail

4 “Keluar”
button

Navigate users to
exit the application

Users exit the
application

Pass/Fail

5 Shape button Navigate users to
the next page

Navigate users to
the drawing
canvas

Pass/Fail

6 Left and Right
Arrow buttons

Navigate users to
the previous and
next page

Navigate users to
previous and next
page

Pass/Fail

7 Drawing
Platform

The application
enables users to
draw

Users can draw on
the canvas
drawing platform

Pass/Fail

8 Eraser and
Pencil tools

The eraser can
erase the drawing
and pencil can
draw an output on
the drawing canvas

Users can draw
using the pencil
and can erase the
drawing using the
eraser

Pass/Fail

Table 2 Application
validation results

Case validation Scenario Results (%)

1 Match pattern for drawing a
Square

80

2 Match pattern for drawing a
Circle

100

3 Match pattern for drawing a
Hexagon

80

4 Match pattern for drawing a
Triangle

100

5 Match pattern for drawing a
Rectangle

80

betterway, especially for the children having difficulties knowing the shape types. For
future work, this application should add sound effect to every of the shape that will
make children to hear beside see (read) the images. Researchers said through Visual,
Auditory, and Kinesthetic (VAK), children can have a better learning technique.
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Fig. 7 Average accuracy
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Information Technology Students’
Preferences on Blended Learning

Choo-Kim Tan, Choo-Peng Tan, and Ng Shaun Wes

Abstract The advancement of technology nowadays provides opportunities in
education including the adoption of blended learning. The objective of this project
was to examine Information Technology students’ preferences on blended learning.
Findings found that most students preferred to use it in Science subjects/courses,
both inside the class and outside the classroom, and learn via online with a blended
learning method as revision after the class. However, students of low and medium
math anxious students had no significant difference in their preferences. It is hoped
that the findings of the project will help researchers to customise the incorporation
of blended learning tools in students learning as well help educators in planning
and adopting blended learning, and benefit students in their learning. The system
developers also should consider designing and develop more suitable systems/apps
for students in learning Language subjects.

Keywords Information technology · Blended learning ·Mathematics anxiety

1 Introduction

The rapid changes in this era which resulted from the advancement of sciences
and technologies have provided many opportunities for development in most fields
including education. It was found that many new educational tools, systems and
applications such asKahoot!, Prezi, Quizizz, Padlet, andmanymore have been devel-
oped and introduced in the educational settings. Their adoptions are widely found
throughout theworld. As such, there aremany educational concepts being introduced
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in the educational word such as online learning, e-learning, flipped classroom, virtual
classroom, blended learning, etc.

The advancement of technology nowadays provides opportunities in education
including the adoption of blended learning. Blended learning is an approach that
involves the combination of classroom and online education [1]. Oweis [2] stated that
blended learning can be in the mixed forms of direct and indirect online learning. It
is conducted using the internet and intranet. Furthermore, the indirect learning takes
place concurrently in the traditional classes. Ceylan [3] defined blended learning
as a computer-mediated instructional strategy that involves and uses technology
and emphases student-teacher relationship. Students’ achievement, engagement and
independence in learning improved with its adoption too.

Twelve most common types of blended learning were identified by
Teachthought [4]. These include Station Rotation Blended Learning, Lab Rotation
Blended Learning, Remote Blended Learning (also referred as Enriched Virtual),
Flex Blended Learning, the ‘Flipped Classroom’ Blended Learning, Individual Rota-
tion Blended Learning, Project-Based Blended Learning, Self-Directed Blended
Learning, Inside-OutBlendedLearning,Outside-InBlendedLearning, Supplemental
Blended Learning, and Mastery-Based Blended Learning. Which type of blended
learnings to adopt will depend on many factors such as students’ learning styles,
nature of the subjects, the preferences of the teachers and students, etc.

Every individual has his/her own preferences of learning styles that may affect
his/her learning outcomes and influence his/her ability to attain information, to
interact with peers and teachers, and also the participation in learning experiences [5].
A study found that blended learning differs according to students’ learning styles [5].
The differences can be either their preferences to have blended learning for different
subjects/courses, learning settings, or on different devices. Blended learning can be
held in the classroom during class hours or outside the class [6]. In addition, blended
learning can also be adopted as preparation before a class and review after a class [6].
It was found that there was no significant difference between outside-the-classroom
blended class with the inside-the-classroom blended class [6]. Shantakumari [7]
found that students’ perceptions of blended learning differed with courses.

Furthermore, studies also found that the important factors for the effectiveness of
blended learning include students’ characteristics and the blended learning design
features [8]. Thus, educators should be aware of the relationship between the
students’ characteristics, design features and learning outcomes.

There are benefits of implementing blended learning in educational institutions.
Kintu, Zhu and Kagambe [8] stated that students’ levels of knowledge construction
increase in blended learning as the analytical skills are created in them. They found
that students established assessing ability and the ability in evaluating knowledge
sources analytically. In addition, blended learning helped students to develop leader-
ship skills and confidence, gained new theoretical knowledge and needs analysis as
well as the application of theoretical knowledge to practical educational projects [9].
Oweis [2] found that students who were taught with a blended learning method for
English showed high motivation and performed significantly better than students
who were taught using the traditional teaching method.
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This project aims to examine students’ preferences on blended learning, partic-
ularly Information Technology students. It is hoped that the findings of the project
will help educators to implement blended learning effectively.

2 Methodology

2.1 Sample

The project was carried out on a convenient sample on a small scale of 70 under-
graduate students at a Malaysia private university in a period of one semester. These
students enrolled for the Information Technology Program. Students’ ages ranged
from 18 to 27 years old. The sample consisted of multiracial (Malay, Chinese, Indian,
etc.).

2.2 Instrument

The project involved a set of questionnaires which consisted of 2 sections (Sections
A and B).

1. Section A: This section is to collect students’ general information such as gender,
age, nationality, race, course and etc.

2. Section B: This section consists of questions on students’ preferences on blended
learning such as the preferred fields/subjects to implement blended learning and
preferred time to conduct blended learning.

The questionnaires were validated by a panel of experts in education. The reli-
ability test was run and generated a Cronbach Alpha Coefficient of .729, which
indicated that the instruments generated good reliability coefficient and implied that
it has internal consistency.

The questionnaire was given to the respondents after they experienced the blended
learning approach. The data collected was analysed using SPSS for descriptive
statistics, t-test, and ANOVA. 5% significance level was used to run the tests.

Furthermore, qualitative data was collected via interview with students in order
to gather information to compliment the quantitative data. Questions such as “Do
you like to learn with blended learning?”, “Why do you prefer to learn with blended
learning in this Mathematics/Information Technology/Languages?”, “Why do you
like to learn online inside/outside the classroom?”, etc.
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2.3 Procedure

The blended learning approach adopted was online learning mixed with face-to-
face learning in the classroom. In this project, the blended learning tools used were
Multimedia Learning System (MMLs), Quizzes, Kahoot!, Prezi, Youtube and G-
Suite Education (such as Google Classroom).

The MMLs is a system developed by the university and used in the univer-
sity. It allows the uploading of lecture notes, tutorial questions, exercises, assign-
ments/projects, quiz questions and making announcements. In addition, MMLs
permits the conduct of quizzes and tests online which students attempt the ques-
tions within a stipulated date and time duration. The reports of the quizzes and tests
will be generated for lecturers. The Discussion Board is another function integrated
in MMLs.

For this project and with the blended learning approach, all the lecture notes and
tutorial questions were uploaded into the MMLs for students. Also, the lecture mate-
rials were delivered via Prezi in which the lecturers designed and created their own
notes presentation using Prezi. Thus, besides the face-to-face delivery of knowledge
and concepts, students learnt throughMMLs and Prezi. The assignments and projects
were also uploaded in MMLs. Furthermore, online quizzes and tests were given to
students via MMLs, Quizizz and Kahoot!. However, students were playing online
gameswithQuizizz andKahoot!. Videoswerewatched fromYoutube. Google Class-
roomwas used for the assignments/project’s submission. Discussion among students
and with lecturers were conducted either face-to-face or via MMLs.

The online learning was used to support students’ activities inside the classroom,
outside the classroom, before the class as class preparation and after the class as
revision.

3 Findings and Discussions

This section discusses the findings generated from the analysis. The findings on
students’ preferred field or subject to learn with blended learning will be presented
and discussed first, then followed by students’ preferences of having blended learning
in classroom or outside the classroom, and finally students’ preferences of having
blended learning before the class as class preparation or after the class as revision
will be discussed.

Students in the sample was asked to give their preferences of implementing
blended learning on the 3 fields which they enrolled in the semester, i.e. Math-
ematics, Information Technology subject and Languages. It was found that 30
(42.86%) students preferred to have blended learning in Mathematics, another 30
(42.86%) students preferred that blended learning be adopted for the Information
Technology field, while 10 (14.28%) students have the preference on Languages
subjects (Table 1).
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Table 1 Frequency and percentage of the field or subject students’ would prefer to learn with
blended learning based on students’ mathematics anxiety levels

Anxiety level Mathematics ICT Languages Total

In what field/subject
you would prefer to
have blended
learning?

Low 5 (41.67%) 4 (33.33%) 3 (25.00%) 12 (100.00%)

Medium 25 (43.10%) 26 (44.83%) 7 (12.07%) 58 (100.00%)

Total 30 (42.86%) 30 (42.86%) 10 (14.28%) 70 (100.00%)

Fig. 1 Frequency and
percentage of students’
based on mathematics
anxiety levels 12

(17.14%)
58

(82.86%)

Frequency and Perecentage of Low and Medium 
Mathematics Anxious Students

Low Medium

Further analysis was done on categorising students into three different groups
based on their mathematics anxiety levels. Students were grouped in such a way
because this paper was a part of the whole project on reducing students’ mathematics
anxiety levels using blended learning. Students’ mathematics anxiety levels were
obtained from the questionnaire. These data enabled the categorisation into high,
medium and low anxious groups. Findings found that there were only medium and
low maths anxious students but no high anxious students.

Among 70 students, the majority of them are medium math anxious students.
Figure 1 shows that only 12 (17.14%) low math anxious students while 58 (82.86%)
are medium math anxious students.

When students were asked about their preferred subject to learn with blended
learning, among the 12 low math anxious students, 5 preferred Mathematics, 4
preferred Information Technology and 3 preferred Languages. From 58 medium
math anxious students, almost the same number of students preferred to have
blended learning in learningMathematics (25 students/43.1%) and InformationTech-
nology (26 students/44,83%). While there are only 7 medium math anxious students
preferred to learn Languages with blended learning.

Table 2 reports that there is no significant difference between low- and medium-
math anxious students on their preferences of field or subject to learn with blended
learning, t(68) = .640, p > .05.

The results showed that there are different preferences on the subjects by students
which aligned with Shantakumari [7] that students’ perceptions of blended learning
differed with courses. Most students prefer blended learning in Sciences than
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Table 2 Compare of means on the field or subject students’ would prefer to learn with blended
learning based on students’ mathematics anxiety levels

Anxiety Level N M SD MD (SD) t-value df p-value

In what field/subject
you would prefer to
have blended
learning?

Low 12 1.83 0.835 0.144 0.640 68 0.524

Medium 58 1.69 0.681 (0.225)

Languages subjects. This finding contradicts with Oweis’s [2] finding that students
who learnt English with blended learning were highly motivated. Students of this
project feedback that they prefer blended learning in Science subjects thanLanguages
subjects because they found that most abstract concepts could be easily understood
through the systems/apps. In addition, the sample comprised InformationTechnology
students, thus they might have the preference in Sciences subjects. However, further
findings found that students of different anxiety levels showed no significant differ-
ence in their preferences with subjects. This showed that blended learning method
benefits students regardless of adopting it in any subjects and anxiety levels, which
can be proven from Oweis’s study [2] that students who were taught English with a
blended learning method showed high motivation and performed significantly better
than their counterparts who learned with the traditional teaching method and from
this project that students who learned Sciences subjects and Languages subjects have
no significant difference in their preferences when the blended learning method was
used.

Furthermore, students in the sample were asked to give their preferences of having
blended learning in the classroom or outside the classroom or both. Most of the
students (27 students) preferred to have blended learning which online learning is
used in both inside and outside the classroom. The least number of students, 20
students, liked to have blended learning which online learning is used outside the
classroom, whereas 23 students preferred to have blended learning which online
learning is used inside the classroom (Table 3).

Findings in Table 4 also show that among the 12 low math anxious students, there
are an equal number of students preferred to have blended learning which online
learning is used either inside the class or outside the classroom, which is 5 students
respectively. Only 2 low math anxious students liked to learn via online inside the

Table 3 Frequency and percentage of students’ preferences of having blended learning in the
classroom or outside the classroom

In the classroom Outside the classroom Both Total

What if your
preference of having
blended learning, i.e.
in the classroom or
outside the classroom?

23 (32.86%) 20 (28.57%) 27 (38.57%) 70 (100.00%)
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Table 4 Frequency and percentage of students’ preferences of having blended learning in the
classroom or outside the classroom based on students’ mathematics anxiety levels

Anxiety level In the
classroom

Outside the
classroom

Both Total

What if your
preference of
having blended
learning, i.e. in
classroom or
outside the
classroom?

Low 5 (41.67%) 5 (41.67%) 2 (16.67%) 12 (100.00%)

Medium 18
(31.03%)

15 (25.86%) 25 (43.10%) 58 (100.00%)

Total 23
(32.86%)

20 (28.57%) 27 (38.57%) 70 (100.00%)

Table 5 Compare of means on students’ preferences of having blended learning in the classroom
or outside the classroom based on students’ mathematics anxiety levels

Anxiety Level N M SD MD (SD) t-value df p-value

What if your
preference of
having blended
learning, i.e. in the
classroom or
outside the
classroom?

Low 12 1.75 .754 −0.371 −01.385 68 0.170

Medium 58 2.12 0.860 (0.268)

classroom and also outside the classroom. In contrast, the majority of the medium
math anxious students (25 students or 43.10%)would prefer to have blended learning
where they learn through online both inside and outside the classroom. It is reported
that 18 and 15 students preferred to learn via online with blended learning method
either in the class or outside the classroom respectively.

As shown in Table 5, there is no significant difference between low- and medium-
math anxious students on their preferences to have blended learning which online
learning is implemented inside the classroom or outside the classroom, t (68) = −
1.385, p > .05.

Even though there were students who liked to use online learning either inside the
classroom or outside the classroom, most students liked to learn via online in both
inside and outside the classroomwith a blended learningmethod. Students suggested
that online learning is very convenient for them to learn at any time they like, thus
they prefer to learn online both inside and also outside the classroom. Even though,
Miyaji’s [6] study found that there was no significant difference between outside-the-
classroom blended class with the inside-the-classroom blended class, the findings of
this project found further findings which indicating no significant difference among
students of different anxiety levels on their preferences to have online learning with
blended learning method inside the classroom or outside the classroom.
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Table 6 Frequency and percentage of students’ preferences of having blended learning before class
as class preparation or after class as revision based on students’ mathematics anxiety levels

Anxiety level Before class as
class
preparation

After class as
revision

Both Total

Would you like
to prepare
yourself with
blended
learning before
or after the
class?

Low 1 (8.33%) 9 (75.00%) 2 (16.67%) 12 (100.00%)

Medium 13 (22.41%) 31 (53.45%) 14 (24.14%) 58 (100.00%)

Total 14 (20.00%) 40 (57.14%) 16 (22.86%) 70 (100.00%)

Students were also asked to indicate their preference either to have online learning
with blended learningmethod before the class, i.e. students learn the subjectmaterials
online before they attend the class (face-to-face) as the preparation before the class,
or to use online learning for revision/enhancement after they attended the class (face-
to-face), or both.

Table 6 shows the findings of students’ preferences of having online learning
before the class as the class preparation or after the class as the revision of teaching
materials/enhancement of knowledge, or both.

Majority of the students, 40 students (57.14%), preferred blended learning by
having online learning for their revision after the face-to-face learning in the class-
room. Preparation for class via online learning before face-to-face learning recorded
the lowest number of students, which is only 14 students (20.00%). There are 16
students who like to have blended learning when the online learning is used as
class preparation before the face-to-face class and as revision after the face-to-face
learning.

Among the 40 students who preferred blended learning by having online learning
for their revision after the face-to-face learning in the classroom, there are 9 (75.00%)
of the low math anxious students and 31 (53.45%) of the medium math anxious
students. This is followed by 2 (16.67%) of the low math anxious students and 14
(24.14%) of the medium math anxious students who liked to have blended learning
by using online learning as both class preparation before the face-to-face learning
in the class and revision after the face-to-face learning. Only 1 (8.33%) low math
anxious student and 13 (22.41%) medium math anxious students who liked the
blended learning when they learn the materials via online before the class as class
preparation.

Table 7 reported that there is no significant difference between low- and medium-
math anxious students on their preferences of having blended learning when online
learning is used as class preparation before the class or as revision after the class, t
(68) = .314, p > .05.

As stated byMiyaji [6] that blended learning can be adopted as preparation before
a class and review after a class. This project found that most of the students preferred
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Table 7 Compare of means on students’ preferences of having blended learning before class as
class preparation or after class as revision based on students’ mathematics anxiety levels

Anxiety level N M SD MD (SD) t-value df p-value

Would you like to
prepare yourself
with blended
learning before or
after the class?

Low 12 2.08 0.515 0.066 0.314 68 0.754

Medium 58 2.02 0.688 (0.210)

to learn via online after the face-to-face class. Students liked to do revision using
online materials after their lecturers have delivered knowledge in the classroom.
Their knowledge is enhanced by reading and doing more online activities when they
have understood the concept/theories delivered by the lecturers in the classroom.
Students of different anxiety levels have no significant preferences of having online
learning as class preparation before the class and as revision after the class. They
enjoyed online learning either as preparation or revision.

4 Conclusion

Technology helps in students’ learning. This project discusses the students’ pref-
erences associated with blended learning, an approach which involves technology
in improving teaching and learning. Basically, most research found that blended
learning is an effective teaching and learning approach. It is a mixture of online
learning and face-to-face learning, which is not 100% online learning or 100% face-
to-face learning in the classroom, in which either approach may make the learning
uninteresting. Blended learning allows a variety of online and face-to-face activities
for students. It diversifies the teaching and learning.

It can be concluded from this project that when blended learning is adopted, most
students prefer to use it in Science subjects/courses, both inside the class and outside
the classroom, and learn via online with a blended learning method as revision after
the class. Therefore, the findings of this project recommend that to teach Science
students, it is preferable to adopt blended learning in Sciences subjects thanLanguage
subjects. Also, it is suggested that when planning lessons, lecturers should consider
more online activities and appropriate online activities to be used inside and outside
the classroom. The online activities for after the classroom should be more to the
revision activities andmaterials. However, students of low andmediummath anxious
students had no significant difference in their preferences. Thus, it is suggested that
blended learning could be a suitable learning approach for all students regardless of
their math anxiety levels.

Finally, it is hoped that the findings of this project could help researchers to
customise the incorporation of blended learning tools in students’ learning as well
help educators in planning and adopting blended learning, and benefit students in
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their learning. Furthermore, the system developers should consider designing and
developing more suitable systems/apps for students in learning Language subjects.

Future research will be done on examining the effects of using blended learning
to reduce students’ mathematics anxiety levels. A system will be developed and to
be used as a technology tool in this future research.
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Improved Facial Recognition Algorithms
Based on Dragonfly and Grasshopper
Optimization

Dyala Rasheed Ibrahim, Je Sen Teh , and Rosni Abdullah

Abstract In this paper, we investigate two relatively new optimization algorithms in
facial recognition, the grasshopper optimization algorithm (GOA) and binary drag-
onfly algorithm (BDA) which had the best performance out of 13 optimization algo-
rithms that were compared. We investigate the effectiveness of both optimization
algorithms alongside two classifiers, k-nearest neighbor (KNN) and support vector
machine (SVM). Performance evaluation of the four combinations, BDA-KNN,
BDA-SVM, GOA-KNN and GOA-SVM, indicate near-ideal recognition rates, with
the GOA variants slightly outperforming their BDA counterparts. When compared
to other recently proposed facial recognition approaches, the proposed algorithms
depict improved accuracy.

Keywords Biometrics · Binary dragonfly algorithm · Classification · Facial
recognition · Grasshopper algorithm · Optimization algorithm

1 Introduction

Facial recognition (FR) has many practical applications due to its advantages such
as uniqueness, immutability, social acceptance, ease of use and low cost [1]. It is a
nonintrusive method for identifying or verifying individuals. FR algorithms involve
training classifiers using facial features. Unfortunately, there are many redundant,
irrelevant features negatively affect the performance of FR approaches. Approaches
such as binary pattern (LBP) can be used to extract local spatial patterns as opposed
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to global features [2, 3]. It is a feature descriptor for facial expression representa-
tion. The main advantages of LBP are tolerance against illumination changes and its
computational simplicity [4]. For further performance improvements, feature selec-
tion methods can be employed to reduce feature space dimensionality. Feature selec-
tion attempts to solve the problem of redundant, irrelevant, and inaccurate features,
and can be performed with the aid of various optimization algorithms. These algo-
rithms can include ant colony optimization [5], particle swarm optimization [6],
bacteria foraging optimization [7] and firefly algorithm [8].

FR can be implemented using classifiers which include artificial neural networks
(ANNs), support vector machine (SVM) and the k-nearest neighbor (KNN) algo-
rithm. These are machine learning approaches that are commonly used for pattern
recognition. Many researchers have shown that KNN and SVM outperform other
classifiers for FR purposes [9–11]. KNN is a simple, efficient, reliable, and computa-
tionally efficient algorithm for FR [12] whereas SVM is amachine learning approach
widely used in image processing applications. KNN has high recognition rate and
can quickly identify items from a large dataset [10]. In terms of facial recognition,
KNN leverages upon distance metrics to identify the closest person from the dataset
[11, 13]. SVM is an effective discriminative classifier that developed by Philips [14].
The input to SVM is a set X,Y of labeled training data, where X is the data and
Y = [−1, 1] is the label. The output of an SVM algorithm is a set of N support
vectors. The main advantage for SVM is stability, whereby bit changes in the data
do not greatly affect the hyperplane, leading to a stable model [15, 16]. SVM can be
used to develop classifier or regression models. For FR, SVM attempts to generate
a decision surface that separates dissimilarities between images of the same and the
images of different individuals [11].

Various FR algorithms have been proposed in recent literature, all with the goal
of maximizing recognition rate by adopting a variety of techniques. Gao and Lee’s
approach is based on scale-invariant feature transform (SIFT), which is a method to
extract local features [17]. The experimental results shown that average performance
of 95%when tested on the FERET dataset. Agarwal and Bhanot’s approach involved
identifying the center hidden neuron layers of a radial basis function neural network
for the purpose of facial recognition [8]. They used the firefly optimization algorithm
as feature selection method. Experimental results showed decent recognition rates
for various databases as ORL (97.75%), Yale (99.83%), AR (93.15%) and LFW
(60.50%). Zhu and Xue presented a novel approach called random subspace method
for FR [18]. The tensor subspace approach was used for feature selection to achieve
a recognition rate of 98.32%. Lu et al. used a sparse representation method using
rank decomposition to get a robust recognition rate of 96% [19].

Other researchers developed FR methods to address issues of high-dimensional
features and the multitude of variations available in face images. One method uses
GOA to extract relevant features from the high dimensional feature vectors [20].
Their experiments on the ORL dataset led to an accuracy of 91.5%. Sasirekha and
Thangavel proposed novel FR algorithm based on KNN with particle swarm opti-
mization (PSO) [21]. LBP and PSO were used to extract and select features respec-
tively, leading to a best-case accuracy of 97.41%. Maheshwari et al. developed an
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FR approach based on local directional pattern, a feature extraction method [14].
Then, genetic, and differential optimization algorithms were used as a feature selec-
tion method to eliminate the irrelevant features. Finally, SVM used to classify the
identity of facial images. Their experimental analysis showed that differential evolu-
tion outperforms genetic algorithm. Gupta and Goel developed a FR approach that
extracts features using a Gabor filter [22]. Principal component analysis (PCA) was
then used for feature selection for dimension reduction. A modified version of the
artificial bee colony (ABC) is then used on the feature vectors to search for the best
match for a test image in a given database, achieving an accuracy of 97%. Abd
et al. proposed an FR approach also based on the Gabor filter for feature extrac-
tion followed by feature selection by grey wolf optimization (GWO) algorithm. By
training a KNN classifier, a recognition rate 97% was achieved on the Yale dataset
[23]. The FR approach by Kumar, based on PCA and bat optimization algorithm
depicted a recognition accuracy of 96% when tested on the Yale database [12].

More recently, Aro et al. proposed an FR algorithm based on enhanced gabor
filters and the ant colony optimization algorithm [24]. The proposed method aimed
to solve the high dimensionality problem of gabor filters that lead to low perfor-
mance and high time complexity. The ant colony optimization algorithm was used to
remove noisy, redundant and irrelevant gabor features. They achieved an accuracy of
97.14% and 95.71% using the Malahanobis and Chebyshev classifiers, respectively.
Benamara et al. proposed a multispectral face recognition method using random
feature selection and PSO-SVM [25]. The proposed method solved the problem of
intra-variation conditions which negatively affects the performance of FR systems
by using both infrared and visible spectra. A new feature selection algorithm was
introduced that reduces the feature space dimensionality to be suitable for real time
applications.

Eleyan proposed a PSO metaheuristic algorithm as a feature selection method
for face recognition systems that reduces the dimensionality of extracted feature
vectors [26]. Experimental analysis was executed by using two well-known face
databases. Performance of the PSO approach in terms of accuracy, specificity and
sensitivity depicted high performance as compared to other algorithms such as prin-
cipal component analysis (PCA). Malhotra and Kumar proposed an optimized facial
recognition approach that combines DCT and PCA to extract the features that led to
a high recognition accuracy of 96.5% [27]. Cuckoo search was used in the feature
selection stage to remove irrelevant features. Král et al. proposed another face recog-
nition system based on an improved local binary patterns (LBP) approach [28]. In
the proposed approach, the enhanced LBP considers more pixels and different neigh-
borhoods while computing the features. The proposed approach was evaluated using
UFI and FERET face datasets, depicting improved performance as compared to other
state-of-the art approaches. Table 1 shows the summary of the related work.

In this paper, we investigate the use of two relatively new optimization algorithms
in facial recognition.We select these algorithms after studying different 13 optimiza-
tion algorithms from the perspectives of accuracy and time complexity when used for
feature selection. Based on our experiments, the binary dragonfly algorithm (BDA)
and grasshopper optimization algorithm (GOA) outperformed their peers in both
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Table 1 Summary of related work

Reference Dataset Method Best results (%)

[8] AR, LFW, ORL, Yale Firefly, neural network 99.83

[37] FERET, ORL, Yale Gabor filter, genetic, SVM 99.30

[28] UFI, FERET – 98.5

[25] Visible and CSIST PSO 98

[26] ORL, PUT PSO 98

[21] ORL PSO, KNN 97.41

[24] ORL, AFI Ant colony optimization 97.14

[22] ORL ABC, PCA 97.00

[23] Yale Gabor filter, GWO, KNN 97.00

[27] ORL Cuckoo search 96.5

[12] Yale Bat, PCA 96.00

[19] AR, FERET, ORL Rank decomposition, least squares 96.00

[17] FERET SIFT, correspondence learning 95.00

[38] ORL Genetic, differential, SVM 95.00

[18] AR, CMU PIE, Yale Random subspace 93.14

[20] ORL GOA 91.50

aspects. Both optimization algorithms are used for feature selection prior to training
KNN and SVM classifiers. We denote the four FR approaches as BDA-KNN, BDA-
SVM, GOA-KNN and GOA-SVM. The proposed FR algorithms depict a desirable
performance in terms of both recognition rate and time complexity, outperforming
other recently proposed FR algorithms.

The remainder of this paper is organized as follows: Sect. 1 discusses related work
in FR, followed by Sect. 2 which investigates 13 optimization algorithms for feature
selection. Section 3 then describes four of the proposed FR approaches whereas
Sect. 4 provides experimental analysis of thosemethods. Finally, the paper concludes
with some final remarks in Sect. 5.

2 Optimization Algorithms

2.1 Binary Dragonfly Algorithm

The dragonfly algorithm (DA) is a relatively new optimization algorithm based on
swarm intelligence proposed in 2016 [29]. There are many versions of DA such
as BDA, multi-objective dragonfly algorithm and single-dragonfly algorithm. The
relevant parameters for BDA are listed below, where N is the number of neigh-
boring individuals, Xi , X j , X+, X− denote the positions of the current individual,
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j th individual, food source and enemy respectively, and t denotes the number of
iterations,

Separation:Si = −
N∑

j=1

(Xi − X j ), (1)

Alignment :Ai =

N∑
j=1

V j

N
, (2)

Cohesion:Ci =

N∑
j=1

X j

N
− Xi , (3)

Attraction:Fi = X+ − Xi (4)

Distraction:Ei = X− + Xi , (5)

To update the position of dragonflies in a search space and formulate their move-
ments, two vectors are considered, the step vector �X and position, X . The step
vector denotes the direction of dragonfly movement which can be calculated as

�Xt+1 = (sSi + aAi + cCi + f Fi + eEi ) + w�Xt . (6)

After calculating the step vector, the position vectors are calculated as

Xt+1 = Xt + �Xt−1 (7)

Then, to enhance the randomness of the dragonflies,

Xt+1 = Xt +
(
0.01Xt × r1 × α

|r2| 1
β

)
, (8)

where r1, r2 denote two random numbers in [0,1], β = 1.5 and α is calculated as

α =
⎛

⎜⎝
Φ(1 + β) × sin

(
πβ

2

)

Φ
(
1+β

2

)
× β × 2

(
β−1
2

)

⎞

⎟⎠

1
β

, (9)
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where �(x) = (x − 1)!. Finally, the transfer function is used to calculate the
probability of the dragonflies changing positions,

T (�x) =
∣∣∣∣

�x√
�x2 + 1

∣∣∣∣. (10)

To update the position of search agents in binary search spaces,

Xt+1 =
{¬Xt , r < T (�Xt + 1)

Xt , r ≥ T (�Xt + 1)

}
, (11)

where r denotes to a number in the interval of [0,1]. The BDA algorithm considers
all the dragonflies as one swarm and simulate exploration/exploitation by adaptively
tuning the swarming factors (s, a, c, f , and e) as well as the inertia weight (w). The
pseudocode of BDA is shown in Algorithm 1.

2.2 Grasshopper Optimization Algorithm

Grasshopper optimization algorithm (GOA) is a new optimization algorithm
proposed bySaremi et al. in 2017 [30]. Themulti-objective version of the grasshopper
algorithmwas later proposed in 2018 proposed byMirjalini [31]. As its name implies,
GOA is inspired from the behavior of grasshoppers. It is generally used to search for
optimal solutions to constrained and unconstrained problems [32]. The pseudocode
of GOA is shown inAlgorithm 2. The position of the ith grasshopper, Xi is calculated
as
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Xi = Si + Gi + Ai , (12)

where Si is the social interaction, Gi is the gravitational force on the ith grasshopper
and Ai is the wind advection. Social interaction is the main parameter that dictates
the grasshoppers’ movement which can be calculated as

Si =
N∑

j=1, j �=i

s(di j)di j
∧

, (13)

where, N is the number of grasshoppers, di j is the distance between the ith and
jth grasshoppers, di j

∧

is a unit vector from the ith to the jth grasshopper, and s is
a where, N is the number of grasshoppers, di j is the distance between the ith and
jth grasshoppers, di j

∧

is a unit vector from the ith to the jth grasshopper, and s is a
function that represents social attraction. These parameters are defined as

di j = ∣∣x j − xi
∣∣, (14)

di j
∧

= x j − xi
di j

, (15)

s(r) = f e− r
l − e−r , (16)

respectively, where f and l are the attraction intensity and the attractive length
scale respectively, and xi represents the ith grasshopper within the entire population.
The final mathematical model of the grasshopper position in the dth dimension is
described as

sXd
i = c

⎛

⎝
N∑

j=1, j �=i

c
ubd − lbd

2
s
(
di j

)
di j
∧

⎞

⎠ + Td
∧

, (17)

where ubd , lbd and Td
∧

are the upper bound, lower bound and best solution found so
far, respectively. c is a control parameter to modify the behavior of exploitation and
exploration and can be calculated as

c = cmax − l
(cmax − cmin)

L
, (18)

where cmax = 1, cmin = 0.00001, l and L are the maximum value, minimum value,
current iteration and maximum number of iterations, respectively.
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2.3 Comparison of Optimization Algorithms

Prior to selecting BDA and GOA to be used in our work, we performed a compar-
ison of 13 optimization algorithms according to 12 test functions to determine
their accuracy and efficiency for feature selection purposes. The 12 test func-
tions used for comparison include Raster, Ackley, Camel3, Dejong5, Levy, Sphere,
Rosen, Griewank, Zakharov, Schaffer2, Rothyp and Shubert [33]. Experiments were
performed using MATLAB 2018 on an Intel Core-i5 CPU with 2 GB RAM. The
experiments were executed 1000 times before the accuracy results (cost function)
and time taken (in seconds) for each execution are noted, where for both measures, a
lower value is desired. Search area dimensions between 10, 20 and 30were used, with
the lower and upper bounds of 10 ∈ [−5, 5], 20 ∈ [−10, 10] and 30 ∈ [−15, 15].
Only the unimodal category (single solution problems) is used to determine the
best algorithm for feature selection. The results are tabulated in Table 2, where the
dragonfly and grasshopper optimization algorithms outperformed their peers in both
metrics.

3 Proposed Method

In the proposed work, features of the human face are first extracted using uniform
LBP (ULBP). Features are the significant characteristics from a face image which
may be its shape, texture, or context. Relevant features are then selected by using
BDA and GOA to train two classifiers, KNN and SVM. Classifiers trained using
features selected by BDA are denoted as BDA-KNN and BDA-SVM whereas the
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Table 2 Comparison
between optimization
algorithms

Algorithm Accuracy (cost
value)

Time complexity (s)

Grasshopper [30] 45.244 320

Dragonfly [29] 47.540 425

Bat [39] 47.552 5393

Artificial bee colony
[40]

575.707 2182

Simulated annealing
[41]

594.730 6315

Harmony [42] 596.409 614

Imperialist [43] 597.438 812

Bees [44] 602.399 1684

Firefly [45] 605.270 1856

Particle swarm
optimization [46]

650.464 2064

Differential [47] 674.832 776

Cultural [48] 926.722 1619

Weed [49] 6.07E+ 447

Grasshopper [30] 45.244 320

Dragonfly [29] 47.540 425

Bat [39] 47.552 5393

classifiers trained using features selected by GOA are denoted as GOA-KNN and
GOA-SVM. The following subsections provide details regarding the steps involved
in developing these algorithms.

3.1 Preprocessing

Illumination and pose normalization techniques are used in the preprocessing stage
to mitigate their negative effects on the overall performance of the algorithm. The
normalization technique divides the face image into four sub-segments which are
each processed independently. The location of the nose is considered the middle
point of the image where this image splitting occurs. Illumination normalization is
performed for each segment based on the probability density function of its pixels’
grey levels. Upon completing the normalization process, the sub segments aremerged
and subjected to pixel averaging followed by the application of filters. Details of the
entire process are available in [34].
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3.2 Feature Extraction

Conventional LBP is typically computed for each pixel (xc, yc) of an image with the
consideration of small circular neighborhood values (with radius R pixels). Let gc
denotes the gray level value of that pixel, then LBPP,R (xc, yc) is defined as follows

LBP(P,R)(xc, yc) =
p=P−1∑

p=0

S
(
gp − gc

)
2P , (19)

s(g) =
{
1, i f g ≥ 0
0, otherwise

}
, (20)

where P corresponds to the number of pixels in the neighborhood with radius R.
A subset of these 2P binary patterns known as uniform patterns have at most two
transitions from 0 to 1 (or vice versa). These uniform patterns play an important
role in improving recognition. Thus, the total number of output labels generated
by mapping patterns of p bits is p(p − 1) + 3. We can mathematically define the
uniform LBP (LBP(P, R)u2 as:

LBPu2
P,R(xc, yc) =

{
I
(
LBPP,R(xc, yc)

)
, i f U

(
LBPP,R

) ≤ 2]
P(P − 1) + 2, otherwise

, (21)

where I (z) ∈ [0, P(P − 1) + 1] and

U
(
LBPP,R

) = S(gP−1 − gc) − S(g0 − gc) +
P∑

1

|S(gP − gc) − S(gP−1 − gc)|
(22)

U
(
LBPP,R

)
denotes the pattern’s number of spatial bitwise transitions (1/0

changes). If the value of U
(
LBPP,R

)
< 2, the corresponding pixel is labeled by an

index function I(Z). Otherwise, the pixel will be assigned a value of (P − 1)P + 2.
Each uniform pattern is assigned an index based on the index function I (Z) which
contains (P − 1)P + 2 indices [35]. The global high-dimensional feature descriptor
is then generated by concatenating all the features.

3.3 Feature Selection and Classification

Extracting features using ULBP is sensitive to noise and can lead to irrelevant
features. The feature extraction method results in a high dimensional feature vector
which affects the accuracy and computational cost of a classifier. An efficient FR
method could be built by identifying the most important features of the face image.
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These problems are solved via feature selection which we will perform using BDA
and GOA (presented previously in sections A and B, respectively). The parameters
used for BDA and GOA are summarized below:

• BDA

– Test Size = 1
– Maximum Iterations = 50
– Number of Particles = 5

• GOA

– Maximum Number of Generations = 50
– Number of Search Agents = 5
– Lower Bound = −10
– Upper Bound = 10

The candidate population (number of particles/search agents) for each optimiza-
tion algorithm is first initialized, then the search for the best features is performed.
After each iteration, features which have been identified will be used as inputs to the
KNNorSVMclassifiers. The resulting recognition accuracywill be used as thefitness
function to compare the new set of features to the previous one. Features that lead
to the highest accuracy will be selected for facial recognition purposes. We use each
optimization algorithm separately alongside each classification algorithm to identify
the combination that maximizes recognition accuracy. Feature selection based on
the four combinations, BDA-KNN, BDA-SVM, GOA-KNN and GOA-SVM follow
similar steps as shown in Algorithm 3.

4 Results and Discussion

All experiments described in this section are performed using the Windows 10 on an
IntelCore-i5CPUwith2GBRAMandMATLABversion2018.Weuse three datasets
for comparative purposes, the first of which being the Olivetti-Oracle Research Lab
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(ORL) face database. The database contains 400 frontal faces, each with a size of
112 X 92 pixels. They can be subdivided into 10 tightly cropped images of 40
individuals with variations in pose, illumination, facial expressions (open/closed
eyes, smiling/not smiling) and facial details (glasses/no glasses). The second dataset
used is the AR face database created by Aleix Martinez and Robert Benavente. The
AR database consists of 4000 color images of 126 different people, divided into
46 females and 70 males. The facial images were taken under restricted conditions
but with variations in illumination, facial expression and occlusion with sunglasses,
scarves, and hair styles. Labeled Faces in the Wild (LFW) is the third and final
dataset used in this work [36]. It consists of 5749 different subjects where 1680
subjects have two ormore images, resulting in a total of 13,233 images. Similar to the
previously discussed datasets, the images have differences in terms of pose, lighting,
expression, background, race, age, gender, clothing, occlusions, camera, focus, and
other parameters. This database is considered one of themost vital datasets to analyze
the robustness of FR against uncontrolled conditions.

We evaluate the performance of the four combinations, BDA-KNN, BDA-SVM,
GOA-KNN and GOA-SVM in terms of their time complexity and accuracy. We
first compare the optimized algorithms with their unoptimized counterparts to show
the performance gains in terms of both metrics. As seen in Tables 3 and 4, the
optimized algorithms displayed significant performance improvements. Reduction
of the features from feature selection leads to improved accuracy (by preventing
overfitting) and improved time complexity.

Prior to using the reduced feature set, SVM is generally more accurate than KNN
albeit being slower. The performance gap between both algorithms is reduced by
applying the optimization algorithms for feature selection. In addition, BDA-KNN
and GOA-KNN now slightly outperforms BDA-SVM and GOA-SVM respectively.
The experiments also indicate that the GOA variants of both classifiers slightly

Table 3 Performance Improvements of KNN

Algorithm KNN BDA-KNN GOA-KNN

Metric T (s) Acc (%) T (s) Acc (%) T (s) Acc (%)

AR 5.70 98.23 3.40 99.40 3.20 99.90

ORL 3.72 98.49 2.44 99.46 2.15 99.60

LFW 5.66 98.18 3.60 99.39 3.11 99.80

Table 4 Performance Improvements of SVM

Algorithm SVM BDA-SVM GOA-SVM

Metric T (s) Acc (%) T (s) Acc (%) T (s) Acc (%)

AR 5.70 98.23 3.40 99.40 3.20 99.90

ORL 3.72 98.49 2.44 99.46 2.15 99.60

LFW 5.66 98.18 3.60 99.39 3.11 99.80
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Table 5 Accuracy (%) comparison with existing work

Method Dataset Feature Selection Classifiers

ORL AR LFW Algorithm

GOA-KNN 99.96 99.94 99.89 GOA KNN

BDA-KNN 99.90 99.85 99.86 BDA KNN

GOA-SVM 99.60 99.90 99.80 GOA SVM

BDA-SVM 99.46 99.40 99.39 BDA SVM

[37] 99.8 – – Genetic SVM

[50] 95.43 98.8 83.37 – SVM

[21] 98.75 – – PSO KNN

[35] 98.4 98.33 – – KNN

[18] – 98.32 – – Component classifiers

[8] 97.7 92.40 60.50 Firefly Standard deviation method

[12] 96.5 – – Bat PCA

[23] 96.5 – – GWO KNN

[38] 91.5 – – Differential, Genetic SVM

[24] 97.14 – – Ant colony Distance measure classifiers

[26] 98 – – PSO KNN

[27] 96.5 – – Cuckoo search PCA

outperform their BDA counterparts. One explanation for this phenomenon is that
GOA is more suited to identify global optima whereas BDA tends to generate
locally optimal results. We also compare the proposed work against other recently
proposed approaches based on recognition rate as shown in Table 5. For all datasets,
BDA-KNN, BDA-SVM, GOA-KNN and GOA-SVM generally outperform their
peers.

The new optimization algorithmswere effective in removing irrelevant, noisy, and
redundant features that were extracted using ULBP. This is apparent from the high
prediction accuracy of the proposed method as compared to other FR proposals in
Table 5. This result also supports our findings in Table 2, which identified that the
dragonfly and grasshopper algorithms outperform other optimization algorithms. To
the best of our knowledge, the proposed work is one of the first in investigating the
use of both dragonfly and grasshopper algorithms specifically for facial recognition
purposes.

5 Conclusion

In this paper, we investigate the application of two relatively new optimization algo-
rithms in facial recognition, the dragonfly and grasshopper optimization algorithms.
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We select these algorithms after performing a thorough comparison with 13 of its
peers in terms of feature selection capability. Both algorithms are then used for
feature selection alongside two classifiers, k-nearest neighbor and support vector
machine. We denote the combination of these approaches as BDA-KNN, BDA-
SVM, GOA-KNN and GOA-SVM respectively. As expected, significant perfor-
mance improvements were obtained when the optimized algorithms were compared
to their unoptimized counterparts. Interestingly, we also found that the KNN outper-
formed their SVM counterparts after application of the optimization algorithms for
feature selection, whereas the inverse held true prior to feature selection. We also
found that the GOA-based classifiers outperform their BDA counterparts due to
the capability of GOA in identifying globally optimal solutions as compared to the
locally optimal solutions generated by BDA. Performance comparison against other
similar approaches in literature depicts the superiority of the proposed methods in
terms of both accuracy and time complexity.Moving forward, our findings imply that
future facial recognition algorithms should leverage upon grasshopper optimization
for feature selection to maximize performance.
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Abstract The strategic planning is important in bank financial management. The
banks and financial institutions have to achieve multiple goals in optimizing asset,
liability, equity, earnings, profit and optimummanagement item. The subjective judg-
ment in assigning weight of the goals is a drawback in financial management of the
banks since it may cause inconsistent judgment. In addition, there are no compre-
hensive studies done on comparison among the banks for benchmarking based on
the past studies in optimizing the financial management. Hence, this paper aims to
improve the bank financial management by proposing a two-stage goal programming
(GP) model to compare and optimize the bank financial management. The proposed
model is developed based on entropy method in determining the weight of the goal
at the first stage before optimizing the financial management with GP model at the
second stage. Four listed banks in Malaysia are investigated in this study. The results
indicate that the goal for asset, equity and optimum management item have been
achieved by all banks. Furthermore, the target value of asset, equity, earning and
profit can be increased according to the optimal solution of the proposed model. The
significance of this paper is to provide insights to the banks for further improvement
based on the optimal solution of the proposed model.
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1 Introduction

Banks play a significant role in financialmarket aswell as economies in every country
[1]. Monitoring on the bank financial management is necessary to meet the target
profit as well as control the liquidity. Thus, data analysis on financial statement is
essential in financial planning [2]. Bank financial management considers multiple
goals such as asset, liability, equity, earnings, profitability and optimummanagement
item [3].A trade-off pointmust be obtained amongmultiple goals in order to optimize
the financial management [4]. Decision makers have to achieve an optimal solution
that best fit their desire goals. Therefore, goal programming (GP) model has been
presented to solve multiple goals in optimizing the financial management of banks
[5, 6].

In bankfinancialmanagement, there are some limitations anddrawbacks identified
based on the past studies. Firstly, there is no comprehensive studydone on comparison
among the banks for benchmarking using GP model. GP model is only constructed
to optimize the financial management of a single bank without benchmarking on
other banks. The comparison among the banks in financial management is important
since it can determine the potential improvement according to the benchmark [7–9].
Besides that, subjective judgment in assigning weight of the goals is another draw-
back in optimizing the financial management of banks. The problem of reliability
on respondents’ judgment or subjective weights may result in bias perspective and
inconsistent issue [10]. Hence, this study aims to propose a two-stage GP model
in optimizing the bank financial management. At the first stage, entropy method is
proposed to determine the objective weight of each goal. At the second stage, a GP
model is constructed to optimize the bank financial management with multiple goals
based on the entropy weights and benchmark target value.

2 Literature Review

KosmidouandZopounidis [2] developed aGPmodel to examine the asset and liability
of a Greek commercial bank. The authors utilized the financial statement in 1999 to
develop an optimal asset and liability management for the following year. Several
contradictory goals such as liquidity and returns were considered in the model.
Different goals and constraints were taken into account as well as deviation vari-
ables to determine the favorable scenarios for future. In short, the proposed model
aims to seek for a direction for bank’s future financial planning.

Naderi [3] denoted that company’s future risk can be predetermined with GP
model. The optimal asset and liability management can be achieved through proper
structure of bank’s balance sheet elements. The findings proved that the model
managed to determine appropriate structure for the optimal management.

Halim et al. [5] developed a GP model to examine the achievement and improve-
ment of six goals in bank financial management. Data for themain goals from 2010 to
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2014 were obtained through annual statement. The results showed that all goals were
achievable and four goals could be increased to higher aspiration level. Therefore,
potential improvements on goal achievement can be identified with GP model.

Tektas [11] applied GP model in determining an efficient financial management
for the bank with respect to different managerial strategies. Two Turkish commercial
banks were investigated to improve the wellbeing of the banks. Different goals such
as liquidity, asset and revenue were examined to determine the optimal financial
management of the banks.

Arewa et al. [12] conducted a research in United Bank of Africa to investigate
the financial management of the bank using GP model. Six goals such as assets,
liabilities, equities, profits, earnings and optimum management item were examined
to determine the deviation of each goal in optimizing the proportions of items in
financial statement.

Viswanathan et al. [13] indicated that GP model is a useful tool for asset allo-
cation and liability composition because it considers large amount of constraints to
determine the optimal solution for the bank. The generated results managed to show
a realistic and compatible composition for asset and liability.

Chen et al. [14] developed a GP model to analyze the financial management of a
listed bank for the period of 2011–2015. Six goals such as assets, liabilities, equities,
profits, earnings and optimummanagement item were examined in their studies. The
results showed that all goals were achievable and three goals could be increased to
new target value for further improvement.

In addition, GP model has also been utilized to solve multiple objective decision
problem in portfolio optimization [15–18].

3 Data and Methodology

3.1 Data

This study investigates four listed banks in Malaysia, namely Public Bank Berhad
(PBBANK), RHB Bank Berhad (RHBBANK), CIMB Group Holding Berhad
(CIMB) andMalayan Banking Berhad (MAYBANK) from year 2012 to 2016. Asset,
liability, equity, earning, profitability and optimum management item are the main
goals in financial management of the banks [3, 5].

3.2 Proposed Two-Stage Goal Programming Model

A two-stage GP model is proposed to compare and optimize multiple goals in bank
financial management. The proposed two-stage GP model comprises two stages as
follows.
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Stage 1:
At the first stage, the weight of the goal is determined with entropy approach.
Stage 2:
At the second stage, a GPmodel is constructed for each bank to optimize multiple
goals based on the entropy weights obtained in the first stage. The potential
improvement will be recommended based on the optimal solution obtained.

Entropy Method (First Stage)
Objective weight is emphasized owing to subjective weighting from the decision
makers are based on their opinions and preferences. Therefore, the subjective judg-
ment might be imprecise or inconsistent. Entropy method determines the objective
weight of each goal [19, 20]. From the past studies, entropy weight has been inte-
grated with TOPSIS model in multiple-criteria decision making (MCDM) problems
[1, 4, 10, 19–21]. In this study, entropy method is proposed to determine the weights
of the goals as follows.

Step 1: Form the decisionmatrix based on the total performance rating of all banks
under each criterion. The rows indicate alternatives for i = 1, 2, 3, . . . , n whereas
columns refer to criteria for j = 1, 2, 3, . . . ,m.

Y =

⎡
⎢⎢⎢⎢⎣

y11 · · · · · · y1m
...

. . .
...

...
. . .

...

yn1 · · · · · · ynm

⎤
⎥⎥⎥⎥⎦

Step 2: Form a new normalized matrix (Z ) by normalizing the decision matrix
based on Eq. (1).

zi j = yi j∑n
i=1 yi j

(1)

Z =

⎡
⎢⎢⎢⎢⎣

z11 . . . . . . z1m
...

. . .
...

...
. . .

...

zn1 . . . . . . znm

⎤
⎥⎥⎥⎥⎦

Step 3: Determine the entropy value (e j ).

e j = −k
n∑

i=1

zi j ln zi j where k = 1

ln n
(2)

A higher entropy value proposes less useful information about the criteria, hence
a smaller weight will be assigned and vice versa [20].
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Step 4: Obtain the degree of divergence (d j ) of the intrinsic information involved
by each criterion.

d j = 1 − e j (3)

Step 5: Determine the objective weight of each criterion.

w j = d j∑m
k=1 dk

(4)

Goal Programming Model (Second Stage)
At the second stage, a GP model is constructed for each bank to optimize multiple
goals based on the entropyweights and benchmark target value.GPmodel is designed
owing to the difficulty in solving multiple objectives especially in achieving contra-
dict goals for a company. GPmodel is able to deal withmultiple goals simultaneously
while obtaining the optimal solution that satisfied all the restrictions on the decision
variables [17, 22, 23]. The GP model is shown as follows:

Minimize z = w1G1 + w2G2 + · · · + w j G j where j = 1, 2, 3, . . . ,m. (5)

Subject to

h∑
c=1

(a jcxc + d−
j − d+

j ) = g j (6)

xc, d
−
j , d

+
j ≥ 0

where

z total deviation;
w j entropy weights for j = 1, 2, 3, . . . ,m;
d−
j negative deviation variable (underachievement) for j = 1, 2, 3, . . . ,m;

d+
j positive deviation variable (overachievement) for j = 1, 2, 3, . . . ,m;

xc amount of financial statement for c = 1, 2, 3, . . . , h;
a jc weight of financial statement for c = 1, 2, 3, . . . , h;
g j target value for j = 1, 2, 3, . . . ,m.

This study aims to optimize multiple goals as follows.

G1 Maximize asset (d−
1 ),

G2 Minimize liability (d+
2 ),

G3 Maximize equity (d−
3 ),

G4 Maximize profitability (d−
4 ),

G5 Maximize earnings (d−
5 ),
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G6 Maximize optimum management item (d−
6 ).

LINGO software is employed to solve the proposed two-stage GP model.
According to the optimal solution of GP model, the goal has been achieved if the
respective deviation variable is zero [5]. The potential improvement can be deter-
mined for eachbank according to the deviation from the target value.LINGOsoftware
has been applied in various studies to solve the optimization problem [24–31].

4 Results

Table 1 presents the weight of multiple goals as described in the first stage of the
proposed model.

As shown in Table 1, the highest weight of the goal is earnings (0.1973), followed
by profit (0.1949), equity (0.1587), optimum management item (0.1503), asset
(0.1497) and lastly liability (0.1490). Based on the Entropy method, the decision
makers can identify the importance of the goals based on past financial data as data
driven decision analysis instead of obtaining subjective judgment.

Tables 2, 3, 4 and 5 present the optimal value and goal achievement for CIMB,
MAYBANK, PBBANK and RHBBANK respectively according to the optimal
solution of GP model.

Table 1 Weight of multiple goals

Asset Liability Equity Profit Earnings Optimum management item

Weight 0.1497 0.1490 0.1587 0.1949 0.1973 0.1503

Table 2 Optimal solution of CIMB (RM Trillion)

Goals Target value Optimal value d−
j d+

j Goal status

Maximize
asset

3.1399 3.1399 0 0 Achieved

Minimize
liability

0.9709 2.8383 0 1.8674 Not achieved

Maximize
equity

0.2804 0.3016 0 2.1215 × 10–2 Achieved

Maximize
profit

0.0335 0.0249 8.5566 × 10–3 0 Not achieved

Maximize
earnings

0.0972 0.1058 0 8.5584 × 10–3 Achieved

Maximize
optimum
management
item

6.4105 6.4105 0 0 Achieved
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Table 3 Optimal solution of MAYBANK (RM Trillion)

Goals Target value Optimal value d−
j d+

j Goal status

Maximize
asset

3.1399 3.1410 0 1.0974 × 10–3 Achieved

Minimize
liability

0.9709 2.8448 0 1.8739 Not achieved

Maximize
equity

0.2804 0.2962 0 1.5822 × 10–2 Achieved

Maximize
profit

0.0335 0.0313 2.1985 × 10–3 0 Not achieved

Maximize
earnings

0.0972 0.0972 0 0 Achieved

Maximize
optimum
management
item

6.4105 6.4105 0 0 Achieved

Table 4 Optimal solution of PBBANK (RM Trillion)

Goals Target value Optimal value d−
j d+

j Goal status

Maximize
asset

3.1399 3.1423 0 2.4248 × 10–3 Achieved

Minimize
liability

0.9709 2.8500 0 1.8791 Not achieved

Maximize
equity

0.2804 0.2924 0 1.1969 × 10–3 Achieved

Maximize
profit

0.0335 0.0435 0 9.9983 × 10–3 Achieved

Maximize
earnings

0.0972 0.0823 1.4855 × 10–2 0 Not achieved

Maximize
optimum
management
item

6.4105 6.4105 0 0 Achieved

According to Table 2, CIMB is able to achieve four goals for asset, equity, earn-
ings and optimum management item because of zero values for negative deviation
respectively. This implies that CIMB is able to meet or overachieve the target values
for these goals. For liability and profitability goals, d+

2 and d−
4 are non-zero. There-

fore, these two goals are not achieved for CIMB. From the findings, the target value
of equity and earnings can be revised for continuous improvement. The target value
of equity and earnings can be improved by RM0.0212 trillion and RM0.0086 trillion
respectively based on the positive deviation. As shown in Table 3, the goal achieve-
ments for MAYBANK are same as CIMB, which are asset, equity, earnings and
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Table 5 Optimal solution of RHBBANK (RM Trillion)

Goals Target value Optimal value d−
j d+

j Goal status

Maximize
asset

3.1399 3.1418 0 1.8838 × 10–3 Achieved

Minimize
liability

0.9709 2.8614 0 1.8905 Not achieved

Maximize
equity

0.2804 0.2804 0 0 Achieved

Maximize
profit

0.0335 0.0298 3.7242 × 10–3 0 Not achieved

Maximize
earnings

0.0972 0.0972 0 0 Achieved

Maximize
optimum
management
item

6.4105 6.4105 0 0 Achieved

optimummanagement item. The target value of asset and equity can be improved by
RM 0.0011 trillion and RM 0.0158 trillion respectively for MAYBANK in future.

From the results in Table 4, PBBANK is able to achieve four goals as well except
liability and earnings. In addition, the target value of asset, equity and profit can
be improved by RM 0.0024 trillion, RM 0.0120 trillion and RM 0.0100 trillion
respectively over the next five years for continuous improvement. For RHBBANK,
d−
1 , d

−
3 , d

−
5 and d−

6 are zero as presented in Table 5. This implies that the asset, equity,
earnings and optimummanagement item are achieved by RHBBANK.Moreover, the
target value of asset can be improved by 1.8838× 10–3 based on the optimal solution.

Table 6 shows the potential improvement for each bank according to the deviation
from the benchmark target value.

As shown in Table 6, the potential improvement can be determined in order to
achieve the benchmark target value. Three goals namely, asset, equity and optimum
management item are achieved by all banks. However, liability goal is unachievable

Table 6 Potential improvement according to the deviation from the benchmark target value

Goals CIMB (RM
trillion)

MAYBANK
(RM trillion)

PBBANK (RM
trillion)

RHBBANK (RM
trillion)

Maximize asset 0 0 0 0

Minimize liability 1.8674 1.8739 1.8791 1.8905

Maximize equity 0 0 0 0

Maximize profit 8.5566 × 10–3 2.1985 × 10–3 0 3.7242 × 10–3

Maximize earnings 0 0 1.4855 × 10–2 0

Maximize optimum
management item

0 0 0 0
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by all banks because the positive deviation from the benchmark target value is non-
zero. CIMB, MAYBANK, PBBANK and RHBBANK should minimize their total
liability by RM 1.8674 trillion, RM 1.8739 trillion, RM 1.8791 trillion and RM
1.8905 trillion respectively tomeet the benchmark target value of RM0.9709 trillion.
For profitability, only PBBANK can achieve the goal due to zero deviation from the
benchmark target value. CIMB, MAYBANK and RHBBANK should decrease RM
0.0086 trillion, RM 0.0022 trillion and RM 0.0037 trillion respectively to meet the
benchmark target value of RM 0.0335 trillion.

5 Conclusion

A two-stage GP model is proposed to compare and optimize multiple goals in
financial management of the banks in Malaysia. The weight of each goal is deter-
mined using entropy method at the first stage. The findings indicate that CIMB,
MAYBANK, PBBANK and RHBBANK can achieve the goal for asset, equity and
optimum management item. Furthermore, the target value of asset, equity, earning
and profit can be increased according to the optimal solution of the proposed model.
The significance of this study is to determine the potential improvement on liability,
profit as well as earnings in bank financial management.
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Evaluating the Performance of Selected
Mortality Forecasting Models:
A Malaysia Case Study

Khairunnisa Mokhtar, Syazreen Niza Shair, and Norazliani Md Lazam

Abstract The study of human mortality is growing in Malaysia, as accurate
mortality rates are classified important especially for social policy planning. This
research aims at evaluating the performance of three selected mortality forecasting
models, namely the Lee-Carter, CBD and M8 model in which the two latter models
are from Cairns, Blake and Dowd. We applied the Malaysian central death rates and
the number of mid-year exposures to the models and estimate the goodness of fits of
all models using the Akaike Information Criterion (AIC) and Bayesian Information
Criterion (BIC). In addition, the 20-year out-samples forecast errors are estimated
from 1999 to 2019 using the Root Mean Square Errors (RMSEs) and the Mean
Absolute Percentage Errors (MAPEs). The findings of this study suggest that the M8
model is the best model for fitting Malaysian mortality data with minimum AIC and
BIC values, and by far the most accurate model with the lowest out-sample errors,
particularly for higher age category.

Keywords The Lee-Carter model · The Cairns, Blake and Dowd model ·Mortality
modeling

1 Introduction

InMalaysia, the study of population mortality is increasing over the past few years as
mortality estimates are useful to pension and insurance industries [1]. The importance
of the estimation of mortality rates derives from their potential in evaluating the
liabilities of pension funding and insurance accurately as well as improving public’s
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health. Statistics have shown that life expectancies in Malaysia have significantly
increased from 62.8 in 1966 to 74.5 years old in 2019 [2]. The increase in life
expectancy in Malaysia may be resulted from several factors such as better access to
health care resources and higher economic status among population [3].

An increase in life expectancy practically gives a good perspective that Malaysian
can live longer. However, this also can be directed to another problem known as
longevity risk [4]. For example, longevity risk may put pressure to the governments
in spendingmore on health and other social programs especially for elderlies. In terms
of individual prospective, an increase in life expectancy provides serious economic
consequences as when people get older, they tend to live with chronic health condi-
tions hence will incur substantial costs of treatment. Thus, information on how long
one is expected to live is important. To obtain an accurate life expectancy estimate, an
accurate mortality forecasting model is much needed particularly for the Malaysian
population.

To this date, the Lee-Carter model is known as the significant model which was
widely used to forecast mortality rates [5]. This well-developedmodel is proposed by
Ronald D. Lee and Lawrence Carter in 1992 [6]. This model comprises log-bilinear
form of mortality, integrating two major effects which are age (ax and bx) and year
(kt) [7, 8]. To reduce the complexity in estimating the two factors (bx and kt), the
model is reduced to a univariate time series forecasting using the Singular Values
Decomposition (SVD) technique. Since kt is the only parameter with time involved,
the Autoregressive Integrated Moving Average (ARIMA) models are employed to
predict the kt parameter. The model assumes invariant age-component and a linear
time-component reduction over time [6].

The Lee-Carter model not only proven to be well-developed, it has been widely
applied in many countries [9, 10] including Malaysia. However, some researchers
have proved that the model has some weaknesses such as the age component is
assumed invariant over time [11]. An extension version of the Lee-Carter forecasting
mortality model denoted as the CBD model has been developed by [12]. This model
is unique due to the focus that ismore on longevity risk factor. Thismodel contributed
a huge influence for financial sectors like retirement funds, life-insurance corporation
and independent annuity suppliers [12]. The model accustoms to the development
of mortality curve through time with two-factor stochastic model. Instead of one kt ,
the model is extended to include kt (2). The first kt affects the dynamics of mortality
at all ages in the same way as the Lee-Carter model while the second kt affects the
dynamics of mortality at higher ages [12].

The Lee-Carter model has initiated the development of all the CBD models. The
model assumes there is a stationary age function, ax with no cohort effects and named
as the M1 model. Then, from the M1 model, the study from [13] extended the model
to include the cohort effect and add onemore age related parameter, bx (3). This model
was called M2 model. The model M3 is a special case of the model M2 with bx (2)

= 1 and bx (3) = 1 parameter. In order to fit the mortality surface, the M4 model is
proposed to include B-splines and P-splines smoothing techniques for age variables.
A research from [14] revised the original CBD model to become the M5 model. The
M5 model comprises two-period effects (kt (1) and kt (2)) including age effect and no
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component of cohort effect. Next M5 is expanded to the model M6—the first version
that integrates cohort effects into the CBD model. The M6 model is extended to the
second generation named as the M7 model. This model includes the quadratic term
in age factors and the third period effects.

TheM8model is the recent extension of CBDmodel that incorporates twomodels
which are the M2 and M5 models [15]. The current version of the CBD models are
not widely applied by the researchers as they are new. Such models were tested for
data from England andWales and it showed that the M8 model was not only capable
of capturing the cohort effect substantially but also had the lowest error [14]. In the
comparison study done by utilizing the Italian death rates with regard to Lee-Carter
and CBD model, a significant difference can be found between the two. While the
CBD model is suitable for older age groups, the Lee-Carter model performs best
throughout the whole analysis. These earlier studies show that mortality data from
different countries will yield different results where the latest CBD model, the M8
model, is the most accurate model for forecasting mortality rates.

The design of the CBD model based on the risk of longevity suggests that the
modelmight be suitable to apply toMalaysian data as it is predicted by 2030Malaysia
will become an aging nation. Malaysia is currently focusing on social protection
arrangements for elderlies in order to prepare the nationwith ageing issues [16]. There
is a recent study from [17] thatmade a comparison between the Lee-Cartermodel and
Cairns, Blake and Dows (CBD) model. The study found that, the evaluation between
both models showed that there is no model better than the other. It is noteworthy
that [17] did not include the most recent extended model which is the M8 model.
Hence, this study would like to extend [17] by adding the M8 model and conduct
this research using more up-to-date data from 1960 to 2019.

2 Methodology

2.1 Data

This section discusses on the selected mortality forecasting models specifically the
Lee-Carter model, the CBD model a well as the M8 model. The central mortality
rates by age groups for both female and male from 1966 to 2019 (54-year-data) was
taken from the Department of Statistics Malaysia (DOSM). Meanwhile the mid-year
exposures or number of population by age groups for both genders over the same
years was retrieved from the World Population Prospect [18].
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2.2 The Lee-Carter Model

The Lee-Carter model assumes there are fixed age function and a unique non-
parametric age-period. This model is widely used by many researchers since it was
proposed. The general Lee-Carter Model equation is given through:

ln
(
mx,t

) = ax + bxkt + εx,t (1)

where,

mx,t central rate of death at age x in year t .
ax average of log [mx , t] across years.
bx relative speed of change at each age also known as age component.
kt time-varying parameter.
εx,t residual at age x and time t .

To get unique solutions, coefficient ax , bx and kt are set ax = 1
T

∑
ln(mx,t ),∑

x bx = 1 and
∑

t bt = 1. Then, adopting Singular Value Decomposition (SVD)
method to acquire the estimation values of bx and kt . To estimate the value of kt ,
Autoregressive IntegratedMovingAverageModel (ARIMA) is applied. The equation
of the ARIMA model is given:

kt = kt−1 + φ1kt−1 − φ1kt−2 + εt − θ1εt−1 (2)

where kt is denoted as the actual value at the time period, t, εx,t denoted as random
error at time period, t, and φ1 and θ1 denoted as parameters of the model.

2.3 The CBD Model

The Cairns, Blake and Down (CBD) model proposes a predictor structure with two
age-periods. The age modulating parameters were specified as b(1)

x = 1 and b(2)
x =

x− −
x . Where

−
x is denoted as the average age. This model assumes no static age

function; the population is stationary and no cohort effect. The general equation for
the CBD model is given:

logi t
(
qx,t

) = k(1)
t + k(2)

t (x− −
x) (3)

where qx,t is the probability of a person age x will die in t years and k
(1)
t , k(2)

t denoted
as the period effects.
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2.4 The M8 Model

The M8 model is the third generalization of the CBD model and this model is also
based on the adjustment of [13]. Unlike the previous models, this model includes
cohort effect in the calculation basis. This model proposed the impact of the effect
γ

(3)
t−x for any specific cohort reduces over time instead of remaining constant. The

formula of the M8 model is given:

logi t
(
qx,t

) = β(1)
x k(1)

t + β(2)
x k(2)

t + β(3)
x γ

(3)
t−x (4)

where the equation is derived by taking β(1)
x = 1, β(2)

x = (x− −
x) and β(3)

x = (xc−x).
For some constant, the xc in this study is the 80 years old. Therefore, the equation
generalizes as:

logi t
(
qx,t

) = k(1)
t +

(
x− −

x
)
k(2)
t + (xc − x)γ (3)

t−x (5)

To overcome the identifiable problems, new constraint is introduced by letting∑
x,t γ

(3)
t−x = 0. In fitting the mortality models, namely the Lee Carter, CBD and

M8 models, the packages of R programming software, known as StMoMo [14] and
Demography [19] were used.

2.5 Evaluations of Mortality Forecasting Models

As defined by the Department of Social Welfare, older persons refer to those who
are 60 years and above [19]. Therefore, this study fitted the ages between 60 and
80 years old. However, to prove that the CBD and M8 models are only applicable
for higher ages (60–80), the evaluation for all ages (0–80) and lower ages (0–59)
were also being carried out from 1966 to 2019 (54 years). Primarily, the data was
separated into two parts namely the training and validation, with the percentage of
training is 60% (1966–1998) and validation is 40% (1999–2019) from the available
data.

Model Goodness of Fit
The goodness-of fit test usually used to check the fitted model residuals. Consistent
residual patterns specify the model’s incompetence for properly defining all of the
data features. The Akaike Information Criterion (AIC) and the Bayesian Information
Criterion (BIC) are two parameters chosen to check the fit-of-data quality. The lower
the values of AIC and BIC the better the model fits to the data.

TheAkaike InformationCriterion (AIC)measures the probability penalty for each
additional term that is included in the model. The equation is as follow:

AIC = 2k − 2ln(L) (6)
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The Bayesian Information Criterion (BIC) is the best criterion to balance between
the models’ complexity and goodness-of-fit.

BIC = 2ln(Nk) − 2ln(L) (7)

where k denoted as the number of parameters estimated in the model and L is the
log-likelihood and N is the number of sample.

Out-Sample Error Evaluation
For 40% validation set, Root Mean Square Errors (RMSEs) and Mean Absolute
Percentage Errors (MAPEs) are used to test the performance of all three selected
models for three different age categories namely all age (0–80), lower age (0–59) and
higher age (60–80). The Root Mean Square Errors (RMSEs) is commonly used and
able to make an outstanding general purpose error metric for numerical predictions
[20]. The general formula is as follows:

RMSE =
√√√√1

n

n∑

i=1

(y
∧

x,i − yx,i )
2 (8)

Mean Absolute Errors (MAPEs) are mean or average of the absolute percentage
errors of forecasted values. By canceling each other out this approach will prevent
the issue of both positive and negative errors. The formula as follows:

MAPE = 1

n

n∑

t=1

∣∣∣∣∣
(yx,i − y

∧

x,i )
2

yx,i

∣∣∣∣∣
(9)

where y
∧

x,i is the prediction central death rates for person age x in year i , yx,i is the
observed central death rates for person age x in year i , and n is the number of sample
in year.

3 Results and Discussions

This section discusses the results obtained from the selectedmortality models used in
the study. Due to some missing values from the given data, the interpolation process
needs to be carried out in filling up the missing values.

Figure 1 demonstrates the plot for observation data which isMalaysian population
pattern of logarithm of death rates according to age and time. Several behaviors are
shown respectively for both male and female. As it can be seen, the mortality rates
are increasing for both genders in all age’s group, however male is slightly thinner
compared to female and the presence of volatile accident humps in between the ages
of 18–30 years old that is more visible in male than female.
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Fig. 1 Log death rates according to age for Malaysian male and female

3.1 Estimation of Models’ Parameters

This section estimates the parameters for all the three models. Figure 2 shows the
parameter shapes of the Lee-Carter model. As can be seen, the parameter ax is
increasing by age, whereby the parameter bx is declining downward as it reacts
towards the mortality changes over ages. Meanwhile, the kt , parameter is decreasing
by years, with the presence of humps visible for both genders during the year-range
(1990–2000). As depicted in Fig. 3, the CBD model shows a declining trend of kt(1)

for both genders. However, for mortality-rate dynamic at higher ages kt (2) parameter,

Fig. 2 Parameters of the Lee-Carter model for Malaysian males (left) and females (right) ages
60–80 over the period of 1966–1998

Fig. 3 Parameters of the CBD model for Malaysian males (left) and females (right) age 60–80
over the period of 1966–1998
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Fig. 4 Parameters of the M8 model for Malaysian males (right) and females (left) ages 60–80
over the period of 1966–1998

the mortality rates dynamically shoot up at higher ages for both genders. As for the
M8 model, Fig. 4 shows that both genders experiencing quite similar trends. More
information captured in the M8 model is about its cohort effect, where those who
are 80 years old in 1966 data are those who were born in 1886. Hence, the cohort
trend captured for both genders are showing improvements in mortality over the
years. Nonetheless, both models of the CBD andM8 show the existence of mortality
improvement by years.

Residual Analysis
The residuals were distributed randomly across ages and years. In order to fit the
model, this study used scatter diagram to examine the model fitting. The closer the
dotted to zero, the better it fits to the line. As can be seen in Fig. 5, the plot of the
Lee-Carter model for both genders are scattered and most of the dotted points are
far from the fitted lines. For the CBD model, both genders’ show dotted lines for
certain ages that is extremely too far from the fitted lines. However the patterns for
both genders show a quadratic patterns which mean that this model is able to capture
the cohort effects and it has been substituted by the additional quadratic effect [9].
Therefore the residuals plot for the M8 as depicted in Fig. 5 has captured the cohort
effects as the presence of quadratic patterns are clearly displayed in age residuals for
both genders.

Lee-Carter CBD M8 

Fig. 5 The scatter residual diagrams of all the three models for Malaysian males (left) and females
(right) age 60–80 over the period of 1966–1998
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Forecasted Parameters for the Selected Models
Figure 6 shows the patterns of the forecasted graphs of time factors for all three
models for higher age category since this study focuses on higher age (60–80). For
the Lee-Carter model, it can be seen that, the kt (1) values for both male and female
show the declining pattern across the time. For the CBD model, the parameter kt (1)

shows the declining trend for both male and female, meanwhile for kt (2) where the
mortality is forecasted for higher age, shows the increasing trends for both genders,
with narrow values of the forecasted rates. Lastly for the M8 model, the projection
trend for period index of kt (1) and kt (2) are similar with the CBD model, however the
forecasted rates forM8model is wider as compared to the CBDmodel. This suggests
that the M8 model is more plausible model as compared to the CBD model.

CBD Male CBD Female

M8 Male M8 Female

The Lee-Carter Male The Lee-Carter Female

Fig. 6 The estimated age parameters and estimated and forecasted time components for the all
the three models for Malaysia population age 60–80
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For the cohort effects, as depicted in the M8 model, the projections for cohort
male and female are declining gradually. However, for male, the declining trend is
not that significant, the pattern is more towards stagnant.

3.2 The Performance of Mortality Models

Goodness-of-Fit Analysis
In this subdivision, the model evaluation for three categories namely all age (0–80),
lower age (0–59) and higher age (60–80) were evaluated using AIC and BIC. The
lower the AIC and BIC values, the more fit the model to the observation data [21].
Table 1 indicates that, the Lee-Carter model is the best model that fits the data best
for all age and lower age categories for both males and females due to the model
produced the lowest AIC and BIC. Whereas it shows that the M8 model is the best
model to fit the higher age (60–80) data as it gives the lowest values of the AIC and
BIC as compared to the other two models.

Out-Sample Error Analysis
Table 2 represents the RMSE and MAPE values for all the three models for all
age categories. Results show that the Lee-Carter model is the most accurate model
to predict mortality rate for all and lower age categories whereas the M8 model
outperforms the other two models for high age category. In addition, the result is
consistent with [14] that proved the CBDmodel is more accurate than the Lee-Carter
model for older age group.

Table 1 AIC and BIC for the Lee-Carter, CBD and M8 model according to age categories from
year (1966–1998)

Age range Model AIC BIC

Male Female Male Female

(0–80) Lee-Carter 26,783.32 23,750.22 27,948.140 24,915.04

CBD 1,306,643.00 1,083,337.00 1,307,033.00 1,083,728.00

M8 555,230.400 375,914.900 556,271.10 376,955.60

(0–59) Lee-Carter 17,090.84 14,953.63 17,934.15 15,796.93

CBD 935,653.80 725,006.10 936,022.40 725,374.70

M8 377,893.00 237,702.40 378,736.30 238,545.70

(60–80) Lee-Carter 7079.03 7409.25 6866.68 7196.90

CBD 7498.19 7796.75 6802.00 7100.56

M8 6258.75 6765.39 6151.95 6658.58
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Table 2 RMSE and MAPE for the Lee-Carter, CBD and M8 model according to age categories
from year (1999–2019)

Age range Model RMSE MAPE

Male Female Male Female

(0–80) Lee-Carter 0.050 0.061 0.038 0.036

CBD 0.791 1.932 0.116 0.147

M8 6.127 2.536 0.225 0.181

(0–59) Lee-Carter 0.072 0.085 0.032 0.032

CBD 0.535 1.318 0.077 0.099

M8 14.502 14.889 0.578 0.518

(60–80) Lee-Carter 0.242 0.0735 0.265 0.078

CBD 0.234 0.0699 0.254 0.073

M8 0.194 0.0529 0.217 0.062

4 Conclusions

This study compares the performance of the Lee-Carter model and its extension
models namely the CBD model and M8 model for Malaysia population from the
year 1966–2019. This study is focusing on higher age range of 60–80 years old
population in Malaysia. In general, the performance of the M8 model outshined the
other two models in every aspect of analyses particularly for higher age category.
The performance of the M8 model is not only able to capture the cohort effects,
but through a series of analyses in fitting the models, this model proves to fit most
analyses best. As for the validation analysis, the M8 model also outperformed the
other two models as this model has potential to do the forecasting more precisely.
This research proved that the M8 model fit Malaysian data best as compared to other
mortality models. TheMalaysia data is suitable for theM8model that include cohort
effect to forecast the mortality rate especially for higher ages category. Nevertheless,
based on the out-sample error for all the separate age categories namely, overall,
lower and higher ages, the M8 model only significant for higher ages category but
not for overall and the lower ages category.
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Assessing Python Programming Through
Personalised Learning Styles Model

Sin-Ban Ho , Sek-Kit Teh, Ian Chai, Chuie-Hong Tan, Swee-Ling Chean,
and Nur Azyyati Ahmad

Abstract Learning styles, cognitive traits, personality, and learning preferences can
vary greatly. That is why there is a great variety in how people receive and process
information. Personalizing learning materials according to learner’s learning styles
could enhance learner’s learning motivation and lead to better learning performance.
This paper examines the relationship between learner’s learning styles and learning
performance by proposing three different sets of documentation to test the relation-
ship between the two learning styles of Felder-Silverman and learning performance.
To test the proposed documentations and hypotheses, 182 participants inMultimedia
University, Cyberjaya, Malaysia answered the Index of Learning Styles (ILS) ques-
tionnaire by Felder-Silverman and participated in a documentation experiment in
Python programming. The data gathered was analysed using statistical Chi-square
test. The results showed that learning performance was enhanced when the docu-
mentation was provided in a learning style that matched the subject’s learning style.
The confirmed personalised learning styles model can be beneficial to teachers and
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e-learning recommendation systems when they provide students with materials that
are personalised.

Keywords Knowledge management · Knowledge discovery ·Web-based
computing · Personalisation

1 Introduction

Many methods have been studied and applied in the presentation of knowledge or
information to beginners. Learning had previously taken place in a given place and
time. Teachers had often been seen as the primary source of new information [1,
2]. Nonetheless, this strategy is facing difficulties because, for example, the world is
evolving, increasing the number of applicants, new enrolment fromvarious countries,
expanded penetration of research areas and Internet development adds to the chal-
lenge. In comparison to these problems, the academic experience varies dramatically
from generation to generation.

Students now have faster access and multiple ways to search for information on
the Internet with the invention of the Internet and the creation of theWorldWideWeb
(WWW). Therefore, users can exchange information more easily than ever before.
To newcomers, improved dissemination of learning around the world means that
people can better themselves with schooling as it can boost their living standard and
socio-economic position. Technology development and information access raise the
number of knowledgeable people, posing a problem for government organizations.
They need to ensure that there is enough space to gather information and educate these
people to achieve the goal of lifelong learning. Other challenges, such as geographic
separation, lack of accessible places, and time constraints, require researchers to
consider other knowledge delivery approaches. Current knowledge-based solutions
could not address the complexities and limitations.

Different learning strategies were designed to overcome the challenges and limi-
tations faced by learners, instructors and universities. A new approach to learning has
been establishedwith a steady increase in Internet speeds, theminimalism introduced
with Web 2.0 standards and wider accessibility. This modern learning methodology
is also called e-learning. This technique for the distribution of information reduces
geographic isolation, time constraints and restrictions on location.

2 Background Study

Different learners have unique characteristics, for instance learning styles, learning
preferences and personalities. Every individual acquires and processes information in
a differentway. Personalizing learningmaterials according to learner’s learning styles
could enhance learner’s learning motivation and contribute to a better performance.
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The process of learning and acquiring knowledge is a complicated and challenging
process. A few factors such as acquiring and processing of knowledge by learners in
terms of their common knowledge, developmental characteristics, and environmental
components has an important part to play in this process. The learning process is
influenced by various factors that will present different challenges to learners. There
are several results from different research studies show that taking these differences
into account while creating learning and teaching settings contributes to the increase
of the effectiveness of learning activities, and efficiency in class [3–5].

The learning needs of the students can be addressed when considering their
learning interests and demands [5]. The integration of information and communica-
tion technology (ICT) into educational settings has also contributed significantly to
learning methods [6, 7]. This technology has driven developments in e-learning
settings and their personalization according to learner’s knowledge-acquisition
needs.

An individual’s preferred method of learning can be determined by first identi-
fying the individual’s learning style as learning styles describe learner’s attitudes and
actions when it comes to learning. Learning styles are crucial in educational envi-
ronments as it may support students and teachers to become more self-conscious of
their own strengths and weaknesses [8]. Learning styles are also one of the most vital
factors to be utilised for taking into account individual differences [9].

Learning styles are the learning patterns and variations of an individual [10–12].
Numerous research studies investigate the efficiency and productivity of learning
settings based on different individual learning styles. Such research studies indi-
cate that the learning process in environments appropriate for learning styles has a
positive impact on students’ memory and application of information to a particular
course or subject [6]. In addition, other empirical studies have shown that learning
environments based on learning styles have a significant impact on the results or
success of students performance [13–15].

3 Methodology

The research objectives of this paper are:

• To investigate the impact of student’s learning styles and their performance in an
introductory programming course.

• To propose a method in using information of student’s learning styles as a guide
in personalizing student’s learning materials delivery approaches and study habits
in the learning of programming.

• To evaluate the proposed method for the design of learning strategies.

This study applied an exercise-based experiment. These experiments were
conducted with undergraduates from the Faculty of Computing and Informatics
as participants. The authors did not inform the experimental participants about
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Fig. 1 Python learning syllabus

the research goals. The materials, examples and test questions are adapted from
Schneider [16], as shown in Fig. 1.

An e-learning system has been designed and coded using Microsoft VB.NET and
ASP.NET to automate the process of assessing students’ pre-dominant learning styles
using the Felder-Silverman model [12] and the personalization of students’ learning
materials. After completion, the system was configured and deployed in Microsoft
Azure (cloud service) as shown in Fig. 2.

This system is coded to automate the process of assessing students’ pre-dominant
learning styles using the Felder-Silverman model, personalise of students’ learning
materials and record students’ learning performance.A different experimental setting
is developed for this part, which was chosen in order to compare student’s learning
styles and learning preferences. After the learning styles are assessed, the systemwill
personalise the learning materials according to four different documentation styles,
namely Verbal/Sequential, Verbal/Global, Visual/Sequential, and Visual/Global.
Figure 3 shows the two sets of learning styles (Visual/Verbal and Sequential/Global)
tested in this series of experiments. The participants can attempt to do the examples
at the end of each chapter or sub-chapter. After that, they need to attempt a test at
the end of each chapter or sub-chapter.

This experiment involves 182 Computer Science undergraduates at Multimedia
University (MMU) Cyberjaya, which were categorised into three different docu-
mentation groups. The groups comprise of personalised learning style (pLS) group,
opposite learning style (oppLS) group and control group (ctrlGrp). For the pLS group,
learning works best when students are instructed in their preferred learning style. We
would like to investigate whether the best for people with one learning stylemight not
work so well with people in the oppLS group with different learning style. Finally,
the control group (ctrlGrp) underwent the traditional method of learning materials
given to them without involving any digital usage of e-learning system. Upon using
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Fig. 2 Snapshots of e-learning system deployed in Microsoft Azure

the manual materials, the control group would attempt the exercise without consid-
ering any of their learning styles at all. In summary, our hypothesis is summarised
as follows: H0—There is no difference among all three documentation groups (pLS,
oppLS, ctrlGrp) for the participants in performing the given Python exercise.

4 Results and Discussions

Analysis of data obtained with the student’s learning styles to identify some possible
patterns and verify if there is some correlation between the participants’ learning
styles and their performance. In addition, the analysis of data could also help to
evaluate whether themethod used in this research is feasible in the design of student’s
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Fig. 3 Snapshots of the e-learning system

learning strategies. To assess student’s performance, this research uses indicators of
completion time (time taken to complete a test), and comprehension (understanding
of a code). We performed a statistical analysis of the 182 responses obtained through
the Statistical Package for Social Science (SPSS). The dependent variables of all
three Stages (Stage 1 [Chapter 2], Stage 2 [Chapter 3], and Stage 3 [Chapter 4]) are:

(a) Time taken to complete a test (complTimeStg1, complTimeStg2,
complTimeStg3).

(b) Comprehension in answering multiple choice questions (comprMcqStg1,
comprMcqStg2, comprMcqStg3)

(c) Comprehension in answering structured questions (comprStrucStg1,
comprStrucStg2, comprStrucStg3).

Table 1 shows the test results for normality for these dependent variables. Three
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Table 1 Results of Kolmogorov–Smirnov normality test

Category p-value Category p-value Category p-value

1. complTimeStg1 0.123 4. complTimeStg2 0.219 7. complTimeStg3 0.194

2. comprMcqStg1 0.002* 5. comprMcqStg2 0.014* 8. comprMcqStg3 0.000*

3. compStrucStg1 0.008* 6. compStrucStg2 0.000* 9. compStrucStg3 0.000*

*Statistically significant at 0.050 level (with p < 0.050)

dependent variables are normally distributed, (complTimeStg1, complTimeStg2,
complTimeStg3), with p-values more than 0.050. Therefore, the median is used for
other dependent variables instead of the mean.

Table 2 shows the bold-faced cells having dependent variables with higher
(mean/median) scores. Three dependent variables (complTimeStg1, complTimeStg2,
complTimeStg3) are normally distributed, hence the median is used for the other
dependent variables instead of the mean. Each documentation group (pLS, oppLS
and ctrlGrp) has different numbers of participants because each group was assigned
according to participants’ lab classes by the university.

Table 2 The categories descriptive statistics

Mean Std. dev

Dependent variable (sample
size, n)

pLS (76) oppLS (40) ctrlGrp (66) pLS oppLS ctrGrp

1. complTimeStg1
(hh:mm:ss)

0:14:37 0:17:37 0:27:51 0:09:21 0:14:42 0:12:15

2. complTimeStg2
(hh:mm:ss)

0:32:00 0:48:41 1:01:34 0:18:20 0:24:25 0:10:00

3. complTimeStg3
(hh:mm:ss)

0:20:55 0:25:08 0:57:19 0:11:27 0:10:11 0:10:11

Median Std. dev

pLS oppLS ctrlGrp pLS oppLS ctrlGrp

4. comprMcqStg1 (scale:
0–10)

8.00 6.00 7.00 1.363 1.207 1.233

5. comprStrucStg1 (scale:
0–10)

9.00 7.50 7.00 1.519 2.444 1.484

6. comprMcqStg2 (scale:
0–10)

7.00 7.00 6.00 1.467 1.476 1.388

7. comprStrucStg2 (scale:
0–10)

10.00 8.50 8.00 1.285 2.262 1.784

8. comprMcqStg3 (scale:
0–10)

8.00 8.00 8.00 1.648 1.318 1.115

9. comprStrucStg3 (scale:
0–10)

9.00 9.00 10.00 1.736 1.748 1.686
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4.1 Completion Time for Stage 1, Stage 2 and Stage 3

Some items are bold-faced in Table 2 to show that a particular group performs
better than the other two groups. For example, the personalised learning group in
complTimeStg1 took 14 min 37 s to complete the exercise in terms of completion
time. The opposite learning group, meanwhile, took a longer period of 17 min 37 s
and it took 29 min 51 s for the control learning group to perform the same exer-
cise. Furthermore, in complTimeStg2, the personalised group completed the fastest.
Students in the personalised learning group only took 32 min to complete the given
exercise whereas the opposite learning group completed in 48 min 41 s and control
learning group finished in 1 h 1 min 34 s. Finally, in terms of completion time for
Stage 3, complTimeStg3, students in the personalised learning group completed faster
in 20 min 55 s as compared to the opposite learning group, 25 min 8 s and the control
group, 57 min 19 s.

4.2 Comprehension

As for comprehension in answering multiple choice questions and structured ques-
tions in the given exercise to students in all three stages, comprMcqStg1, the person-
alised learning group has the highest median. Next, let us consider the comprehen-
sion in answering multiple choice questions and structured questions in the specified
exercise to students in all three stages. For comprMcqStg1, the personalised learning
group has the highest median of 8.00 correct answers (out of 10), as compared to
the opposite learning group, which has a median of 6.00 correct answers, and the
control learning group, which has a median of 7 correct answers. In comparison,
for comprStrucStg1, the personalised learning group has a median of 9.00 correct
answers, while the opposite learning group has a median of 7.50 correct answers,
and the control learning group has a median of 7.00 correct answers. The rubric used
for the scale 0–10 were based on the exercises extracted from the Python practices
evaluation scheme [16]. For each variable assessed, ten coding questions are formu-
lated. Each correct Python answer contributes to one unit of score into the scale of
0–10.

For Stage 2, comprMcqStg2, both the personalised learning group and the control
learning group have an average of 7.00 correct answers, while the opposite learning
group has an average of 6.00 correct answers. Regarding comprStrucStg2, the person-
alised learning group has the highest median value of 10.00 correct answers as
compared to the opposite learning group, which has a median of 8.50 and the control
learning group, which has a median of 8.00 correct answers.

All three learning groups, personalised learning group, opposite learning group
and control learning group has the same median value of 8.00 correct answers for
comprMcqStg3. Lastly, as for comprStrucStg3, the control learning group has the
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Table 3 Multivariate effects
on dependent variables

Category F p-value

1. complTimeStg1 12.730 0.000*

2. complTimeStg2 25.512 0.000*

3. complTimeStg3 140.222 0.000*

*Statistically significant at 0.050 level with p < 0.050 (2-tailed)

highest median of 10.00 correct answers whereas the personalised learning group
and opposite learning group only has a median of 9.00 correct answers.

4.3 Significance Among the Three Documentation Groups

Table 3 shows the results of the separate multivariate tests. These F-tests are
performed to indicate the specific dependent variables that are important across the
three different learning groups. The p-values are derived byMANOVA (Multi-variate
Analysis of Variance) testing of results between subjects. These results imply high
significance differences in mean scores through Wilks’ Lambda = 0.651, F(6,394)
= 15.708 (p < 0.0001).

With respect to complTimeStg1, complTimeStg2, and complTimeStg3 in Table 2,
participants from the personalised learning (pLS) group complete their entire task
faster than the opposite learning (oppLS) group and the control learning group.When
the standard significance level of 0.050 (95percent probability) is found inTable 3, the
personalised learning group provides evidence that complTimeStg1, complTimeStg2,
and complTimeStg3 are much quicker. The personalised learning group participants
are significantly faster than the opposite and the control learning groups.

The non-parametric Mann–Whitney test is used because the six dependent vari-
ables (comprMcqStg1, comprStrucStg1, comprMcqStg2, comprStrucStg2, comprM-
cqStg3, comprStrucStg3) are not normally distributed over the comparison of
the three learning groups. Table 4 shows that complTimeStg1, complTimeStg2,

Table 4 Mann–Whitney test results on the learning groups

Mean rank

Categories pLS oppLS ctrlGrp χ2 p-value

1. comprMcqStg1 76.16 41.95 63.39 20.852 0.000*

2. comprStrucStg1 76.34 49.11 56.05 13.629 0.001*

3. comprMcqStg2 68.43 64.66 48.41 7.799 0.020*

4. comprStrucStg2 77.59 56.08 47.84 16.718 0.000*

5. comprMcqStg3 70.23 55.10 54.54 5.631 0.060

6. comprStrucStg3 54.24 58.20 69.06 4.330 0.115

*Statistically significant at 0.050 level with p < 0.050 (2-tailed)
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complTimeStg3, comprStrucStg2 with p-values < 0.050 have significant differences
among the three learning groups. However, comprMcqStg3 and comprStrucStg3with
p-values greater than 0.05, have no significant difference among the three learning
groups. For the advanced Stage 3, the participants performed well to complete the
given task, irrespective of which type of documentation was given to them.

In Table 4, with respect to comprMcqStg1, comprStrucStg1, comprMcqStg2 and
comprStrucStg2, participants from the personalised learning group showsignificantly
better results than those from the opposite and the control learning groups in the
early stages. This therefore follows the rejection of the H0 hypothesis in Sect. 3
for these variables. Such rejection means that in facilitating learning to the learners,
the personalised and control learning group was distinct. As noticed by Ho and Tan
[17], most undergraduates also come from the sequential learning style. As such, the
sequential documentation style suits most intermediate students, who usually have a
sequential learning style. These results support the personalization of learning styles
that can be beneficial to teachers and e-learning in consistent with the previously
published works [18–23]. The personalized materials according to students’ learning
styles establish significant improved comprehension in both the multiple choices and
structured responses as shown in Table 4.

5 Conclusion

In conclusion, this paper provides the following three major contributions.

• A Python introduction technique was proposed to cater to four different learning
style groups namely Verbal/Sequential, Verbal/Global, Visual/Sequential and
Visual/Global. Results from the two series of experiments conducted in this
research demonstrated that students participating in personalised learning envi-
ronments are more motivated and tend to complete faster than those in a tradi-
tional learning environment. Lecturers can benefit from this Python introduction
technique especially in educating students in an introductory programming course.

• Next, an assessment methodology was designed for the recognition of learning
styles that will help lecturers to identify suitable methods in teaching. This
assessment methodology presents frameworks for lecturers or teachers to prepare
students’ learningmaterials for different learning groups, for example, the person-
alised learning group (pLS), the opposite learning group (oppLS) and the control
learning group (ctrlGrp).

• The results from this series of experiment provide ways or options for lecturers or
teachers to develop their learning strategies. Knowing the learning styles of each
learner can help lecturers or teachers to identify students’ learning preferences
and strengths, which can be utilised in instructional designs as to improve the
students’ learning performance.

To date, limited research has been conducted to improve learning experience
and academic achievement by integrating students’ learning styles in their learning
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process. It provides some key ideas to the existing literature in improving perfor-
mance of learning programming. The results of this paper have also contributed
to the knowledge and literature in educational research. To reiterate, this research
aims to use the assessment of learning styles to improve learning in programming by
developing amethod for learningprogramming, particularly inPython.The following
presents conclusions on the findings to the research objectives and research questions.

Firstly, different people have different learning styles, which can change the way
they learn [18] and performance in different situations. For this reason, how we
present new materials to students can change how well people learn. We have shown
that, in the field of learning programming, the students’ learning style can influence
how they perceive the materials given to them. Therefore, it motivates us to figure
out the students’ learning styles, and present the information to them in a manner
that is more suitable to them, so that they can learn more efficiently. These findings
examined how multiple learning styles affect how well people learn programming
in order to propose ways for teachers to develop their materials.

Secondly, e-learning services are not new anymore, but tailoring them in such
a way as to help different types of learners is still a challenge. For this reason,
we have proposed a way to personalise learning materials on an e-learning system
according to students’ learning styles. This is well supported from the concept of
personalised learning styles model literature [19–23]. The purpose of the e-learning
is to help learners to accomplish their learning objectives. Because learning styles
theory suggests that how difficult it is for someone to learn something new could be
greatly influenced by whether the materials they are presented with matches their
learning style or not, the idea of personalisation is very attractive. This is why it
makes sense to assess students and trainees’ learning styles and choosing to present
materials in a way that matches that. For this reason, it has become more common
for lesson plans include a plan for how to address students with different learning
styles. That is why our findings are relevant to educational theory and practice.

Thirdly, the proposed method for the design of learning strategies is assessed.
Pertaining the results shown in the series of experiments in this paper, the partici-
pants from the personalised learning group (pLS) completed their entire task faster
than the other learning groups, namely the opposite learning group (oppLS) and
the control learning group (ctrlGrp). It is hypothesised that providing instruction
based on individuals’ preferred learning styles improves learning and this can be
incorporated into the design of learning strategies by lecturers or teachers.

In the future, we may try a course on advanced topics and analyse it with Struc-
tural Equation Modelling (SEM). SEM is a multivariate statistical technique, which
can simultaneously analyse a series of dependent relationships [24]. SEM allows
the evaluations of a single model containing all relationships in a hypothesis. This
could be more accurate than trying to analyse each way of learning programming
individually.
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The Programming Learning Assessment
Model for Measuring Student
Performance

Swee-Ling Chean, Sin-Ban Ho , Ian Chai, Chuie-Hong Tan, Sek-Kit Teh,
and Nur Azyyati Ahmad

Abstract With recent pandemic, many students cannot join the class in physical
classroom. The needs for e-learning and self-assessment become more salient than
before. The teaching mode has been changing from teacher-centered to student-
centered method. E-learning environment is practically a highly essential soft-
ware application in the education field. However, programming-specific function-
alities are hardly to be found on most of the general-purpose learning platforms,
which may be unwieldy and unnecessarily complex to instructors and students in
the programming learning process. This research aims to design a self-assessment
model for a better support of programming e-learning, especially with exist of
mandatory programming-specific functionalities. It’s believed that student back-
ground and effort have close correlation with their programming performance. More
data to verify the correlations associated with positive learning outcome. In this
research, we highlight the relationship between student background and student
performance levels for introducing personalised self-assessment sets for students
to learn programming. We propose and discuss Language, Education,Achievement,
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and Programming (LEAP) and Programming Learning Assessment (PLA) models
to fill in the gap between the background knowledge and student competencies.
To measure the correlation between proposed models and student performance, an
experiment that involves 65 respondents was conducted. The data was analysed with
structured and statistical approaches. Preliminary study shows that there are multi-
variate effects of the English fluency on PLA model. With the increasing demands
of IT and software development skills, this research will help in motivating and
encouraging more people to learn programming.

Keywords E-learning · Self-assessment · Programming · Learning assessment
model

1 Introduction

In recent years, e-learning and online courses utilising electronic technologies repre-
sent a new learning mode for teaching a large number of students when face-to-face
education is unlikely conducted. In contrast with the past, it’s not hard to find an
online platform that allows peer-to-peer communications and knowledge sharing in
forms of readings, audio and video. When e-learning is grown, there is a need to
address the real problem of helping programming novices to identify the difference
between what they have expected to learn versus what they have actually achieved
at certain points of time [1]. Without coaching in the physical classroom, students’
failure in achieving positive learning outcomes might end with undesirable actions
and behaviors. To promote student interest to learn and address student learning
needs, self-assessment tool could be helpful with providing responsibly guidance to
their direction and outcomes [2]. When the students are paid with continued close
attention for their learning progress and gap, they can be given proper guidance in a
timelymanner [1]. Self-assessment has been proven that it is feasible to evaluate how
the students are learning throughout a course with the existing set of materials when
compared to summative assessment that evaluates how the students have learned at
the end of the course [3].

2 Motivation

From the study, the knowledge background and skills of the students have
impacts on their forthcoming trainings [4]. To reflex these factors when helping
students understand the learning gaps and defects in their e-learning progress,
Programming Learning Experience Model (PLEM) associated with Programming
LearningAssessment (PLA) activities,AutomatedAssessment (AA) and Language,
Education, Achievement, and Programming (LEAP) attachment to measure student
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Fig. 1 The components in the PLEM environment

performance and capability was proposed byHo et al. [5]. Figure 1 shows the compo-
nents in the PLEM environment. The PLA activities include four areas of true/false
question,multiple choice question (MCQ), fill in the blank and completion. The PLA
activities help students obtain the necessary concepts to support them in designing
solution for problem solving. The LEAP attachment highlights deep and enduring
relationship between students’ background and student performance levels.

It is believed that strong English language proficiency, strong programming expe-
rience and good achievement in previous examination are positively related to the
students’ performance in the PLA activities and automated assessment. But the
education background of a student is negatively related to themediation of instructor.
Figure 2 shows the positive and negative correlations in the LEAP attachment.

3 Programming Learning Approach

E-learning has become a trend and essential in education. A general-purpose e-
learning platform however, does not seem as useful but sometimes ineffective when
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Fig. 2 The positive and negative correlations in the LEAP attachment

it comes to programming education [2, 6]. Most of these platforms have assess-
ment module in the system but methods and tools that provide scaling and person-
alised access for learning are deficient [4]. Figure 3 shows common practice of
self-assessment in e-learning course.

To address aforementioned issues, we propose a personalised self-assessment
access for the students after completing explicit LEAP attachment of the students
and PLA activities. Students would get motivated to learn and explore the knowledge
with an intelligent and personalised learning environment [7]. In the environment,
involved parties, data and processes are to be taken into account as suggested by
Bachir and Abenia [8]. Figure 4 shows the proposed work flow in PLEM. The actions
highlighted in orange colour indicates the workflow for generating personalised self-
assessment access. In the model, questions are categorised into concept-acquiring
questions (highlighted in orange colour) and problem-solving questions (highlighted
in green colour). Students get benefits if the necessary concepts obtained before they
start to design solution for problem solving.

The process of evaluating code and generating useful feedback to the students
may be cumbersome to the involved parties [9]. An automated assessment system to
be designed so that programming teaching and learning could be supported. There
are generally two approaches of automated assessment for programming. Static code
analysis does not take program inputs into account [10]. It transforms the source-
code into internal representations and compares them with the correct solutions in
the repository [11]. Scores awarded for the matching attributes in the code. The
following are examples of assessment system built using static code analysis:

• BOSS tests Java software automatically for comments in code, code style, code
correctness and code structure. It mainly supports assessment process but not
student learning [12].
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Fig. 3 Common practice of self-assessment in e-learning course

• GradeIT applies program repair approach to provide feedback and grade for the
submitted code. However, it’s not able to assess complex code [13].

• Algo+, which is an assessment tool with referent solution in database for algo-
rithmic competencies. Bey et al. aimed to study the quality of assessment but not
learner’s learning progress [11].

• UNED, which is an assessment system used by European distance universities. It
supports huge number of student submissions and facilitates the process of giving
feedback to students. The feedback is helpful in guiding students to complete
their assignments. It reduces the number of teaching staff involved but human
judgment is still required constantly in the practice [14].

On the other hand, dynamic code analysis takes program inputs into account. It
is only able to work on compiled code. Scores awarded when the produced outputs
match with the intended outputs. The examples of assessment system built using
dynamic code analysis are EPFL grader which is an automated assessment tool
developed at Swiss Federal Institute of Technology Lausanne [11], Mooshak which
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Fig. 4 The proposed work flow in PLEM

is a Web-based automated assessment system developed for the online program-
ming courses [12] and 2TSWwhich includes gamification features in the assessment
system to motivate students in their learning [15]. Another tool is Dante used in TUL
to validate high number of programming assignment submissions against different
test cases. However, the involvement of lecturers is required for giving feedback to
the works that cannot compile [16].

None of the above self-assessments take knowledge background of the students
into account when design the system. With observation and exploration of the state
of art of the above and other existing program assessment tools [17–20], a model for



The Programming Learning Assessment Model … 159

students to experience better programming learning process to be designed. In the
proposed model, LEAP attachment is incorporated with PLA activities to fit in with
the students’ needs.

4 Methodology

4.1 Experiment Design for PLA Model

To prove the concepts highlighted in Motivation section, the programming self-
assessment (or PLA—Programming Learning Assessment model) is systematically
organised as the following:

• Quiz 1: Overview of C++ with fundamentals of programming
• Quiz 2: Functions with programming modules
• Quiz 3: Routines and control structures.

Here, we highlight guidelines for some of the measures observed throughout this
research on the programming learning assessment (PLA) model.

(a) Completion time estimation: The cost of a project of learning technology
includes the time and money expended in picking up new skills. The time factor
is widely used in the assessment of programming tasks [3, 17]. First, the more
data is collected, the more accurate will the estimate be. The major difficulty
is that there may be new variables impacting upon the current task which have
not been considered in the past. Second, a way to estimate completion time is
through mathematical models.

(b) Comprehension: A high understanding score contributes to good students’
perceptions of the given formative assessment [18–21], that is the ability to
determine what a programming framework does and how it works, by going
through the accompanying learning content. Comprehension has an inverse rela-
tion to complexity, as the complexity of a framework in question increases, the
comprehension tends to decrease. This measure is assessed via the dimensions
of True/False Questions, Multiple Choice Questions (MCQ), and Fill in the
Blank questions.

(c) Workings: Parihar et al. proposed grading scores to obtain work repair feedback,
which supports our usage of this dependent variable of workings [13]. This
measure refers to the achievement requires specific knowledge of a particular
topic as well as external factors such as the learning process and effort involved.
We assess this measure using individual total score and time taken within Quiz
1, Quiz 2, and Quiz 3.
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The sample size of these experimental subjects is 65, which is adequate since
one needs at least 30 participants to be statistically valid. There are total 10 depen-
dent variables (Y1 to Y10) from the PLA activities. The mapping of the dependent
variables to the above measures as follows:

(a) Comprehension

• Y1-True/False (in summing the Q1Part1, Q2Part1, and Q3Part1 scores)
• Y2-MCQ (in combining Q1Part2, Q2Part2, Q3Part2 scores)
• Y3-Fill-in-the-blank (in summing Q1Part3, Q2Part3, and Q3Part3 scores)

(b) Y4-Completion time
(c) Workings

• Y5-Quiz1 total score, Y6-Quiz1 time taken
• Y7-Quiz2 total score, Y8-Quiz2 time taken
• Y9-Quiz3 total score, Y10-Quiz3 time taken.

4.2 Data Preprocessing for LEAP Model in Fluent English
Language Proficiency

To leverage the LEAP model, here is the intuition on English fluency based on the
students’ Achievement. Fluent English speaking student is denoted by f . Otherwise
is denoted n (non-fluent).

We analysed the English_Score attribute while looking at the LEAP attach-
ment, i.e. Language Proficiency on English (Speaking, Listening, Reading, and
Writing), Education background, the Achievement in English_Score, and finally
Programming Experience to determine the intuitions on English fluency as shown
in Table 1.

The grouping of f and n are balanced across the 65 respondents. Table 2 further
supports these two groups are balanced, where group f does not score better than
group n in terms of their coursework mark (cwMark) achievement.

Table 1 The intuitions on English fluency

Intuition 1 Intuition 2 Intuition 3 Intuition 4 Grouping

1. STPM GPA 2. UEC 3. MUET 4. Foundation English
Grade

Fluency in English

<3.3 ≤B4 Band 3 <70 (B) n (non-fluent)

≥3.3 B3
A2

Band 4
Band 5

70–74 (B+)
75–79 (A−)

f (Fluent English)
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Table 2 The means and
standard deviations of the two
groups

LEAP model f (Fluent English) N (non-fluent)

N (participants) 32 33

Mean (cwMark) 69.53 69.52

Std. dev. (cwMark) 15.713 11.333

Table 3 Results of normality test

Category (Dependent
variable)

Kolmogorov-Smirnov Category (Dependent
variable)

Kolmogorov-Smirnov

Statistic Statistic

1. True/False
question

0.847 6. Quiz1 time taken 1.304

2. MCQ 1.011 7. Quiz2 total score 1.320

3. Fill-in-the-blank 1.050 8. Quiz2 time taken 1.103

4. Completion time 0.778 9. Quiz3 total score 1.618**

5. Quiz1 total score 0.971 10. Quiz3 time taken 1.347

**Significant at 0.05 level

4.3 Results and Analysis

From the result of normality test of 1-Sampe K-S (Kolmogorov-Smimov) in Table 3,
all the above dependent variables are normally distributed data, except Y9-Quiz3
total score. Y9-Quiz3 total score, which has Asymptotic Significance (2-tailed) [p-
value] < 0.05, indicating this variable is not normally distributed, and needs non-
parametric test, such as Mann Whitney u test. For normally distributed data, we
can adopt parametric test such as MANOVA (Multivariate Analysis of Variance)
subsequently.

Table 4 shows the fluent English group has consistently higher average of scores,
and longer time taken across Y4 Completion time, Y6-Quiz1 time taken, Y8-Quiz2
time taken, and Y10-Quiz3 time taken. Fluent English speaking students perform
better in programming than non-fluent ones. Fluent ones spend longer time in
answering the exercise carefully.

Table 5 shows the results using Wilks’ Lambda = 0.803, F(8, 56) = 1.723 (p
> 0.113) indicated no evidence of significant difference among the mean scores.

Next, we highlight the contribution of the work here by elaborating the analysis
of results collected from 65 respondents. The English score obtained from the LEAP
model helps us to map the Excellent (E) and Good (G) groups to 32 fluent English
speaking students. Meanwhile, the remaining 33 non-fluent students are mapped
to the Moderate (M) and Poor (P) groups. Among the dependent variables within
Comprehension from the PLAmodel analysed through parametric test of MANOVA
(Multivariate Analysis of Variance) in Table 6, we see that the treatments in Y1-
True/FalseQuestion has a strong significant difference at the 0.050 level (significance
or p-value < 0.050). Y3-Fill-in-the-blank and Y7-Quiz2 total score have marginal
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Table 4 The means, median and standard deviations of all categories

Category (Dependent variable) Mean Std.dev.

f n f N

1. True/False question (scale: 0–6) 20.69 17.09 4.388 6.943

2. MCQ (scale: 0–15) 9.53 8.48 3.538 3.667

3. Fill-in-the-blank (scale: 0–15) 10.38 8.61 3.536 4.486

4. Completion time (mm:ss) 34:26 30:30 15:06 17:20

5. Quiz1 total score (scale: 0–20) 12.63 11.09 3.643 4.156

6. Quiz1 time taken (mm:ss) 14:35 11:14 9:46 6:56

7. Quiz2 total score (scale: 0–20) 15.00 12.33 5.035 5.998

8. Quiz2 time taken (mm:ss) 9:28 9:12 5:47 6:50

9. Quiz3 time taken (mm:ss) 10:21 10:03 7:47 8:54

10. Quiz3 total score (scale: 0–20) 16.50 13.00 7.403 7.229

Table 5 Wilks’ lambda and
F test for the multivariate
effect (English fluency)

Wilks’ lambda Value Exact F Significance

df = (8, 56) 0.803 1.723 0.113

Table 6 Multivariate effects of the English fluency on PLA model, three specific scores, and time
taken of quizzes

No. Categories F Eta2 p-value No. Categories F Eta2 p-value

1. True/False
question

6.188** 0.089 0.016** 6. Quiz1
time taken

2.558 0.039 0.115

2. MCQ 1.370 0.021 0.246 7. Quiz2
total score

3.757* 0.056 0.057*

3. Fill-in-the-blank 3.105* 0.047 0.083* 8. Quiz2
time taken

0.031 0.000 0.861

4. Completion time 0.951 0.015 0.333 9. Quiz3
time taken

0.021 0.000 0.884

5. Quiz1 total
score

2.498 0.038 0.119

**p < 0.050 (2-tailed); *p < 0.100 (2-tailed)

differences at the 0.100 level (p-value < 0.100). There is no significant difference
between the groups in Y2-MCQ, Y4-Completion time, and other variables. There is
an interesting finding here. Fluency in English helps students to perform significantly
better in True/False Question and Fill in the Blank nature. If one does not want the
influence of English fluency affecting the students’ performance in introductory
programming, the nature of questions can be formatted in multiple choice questions.

Finally, the non-parametric test of Mann Whitney in Table 7 indicates that Y9-
Quiz3 total score make marginally difference at the 0.100 (p-value < 0.100). The
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Table 7 Mann-Whitney test results on the number of difficulties

Group Sample size, n Mean rank Sum of ranks Removal of
invalid cases

1. Fluent in English 32 37.27 1192.50 No invalid case

2. Non-fluent 33 28.86 952.50 No invalid case

Test Statistics Mann-Whitney U Z Wilcoxon W Asymptotic Sig.
(2-tailed)

Quiz3 total score 391.500 −1.810 952.500 0.070*

*p < 0.100 (2-tailed)

results support that English fluency does play an influence on learning programming,
especially when the student gets to more advanced topics such as functions and
recursion, as compared to the overview of C++.

5 Justification

In a recent systematic review on programming pedagogy by Medeiros et al., inade-
quate background knowledge in students to learn programming was highlighted [4].
When come to the methods to improve the capabilities of students who do not have
adequate background knowledge, it is necessary to establish metrics to evaluate the
effectiveness [4]. The proposed LEAP and PLA models can fill in the gap between
the background knowledge and student competencies. The cognitive and language
development in learners is also very important to learn programming [21]. Our find-
ings further affirm that subjects with English proficiency performed significantly
better than non-fluent subjects in True/False questions and Fill in the Blank ques-
tions. The PLAmodel also helped the fluent ones (similar to E andG groups) master
the more advanced topics such those found in programming course, as compared to
another non-fluent group. The findings can be referenced as the base in developing an
intelligent and personalised learning environment—PLEM.We believe that when all
learning aspects are integrated and managed well, a higher level of student learning
experience can be achieved.
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Design and Functionality of a University
Academic Advisor Chatbot as an Early
Intervention to Improve Students’
Academic Performance

Mei Shyan Lim , Sin-Ban Ho , and Ian Chai

Abstract This paper introduces the design and functionality of a university
academic advisor chatbot, which leverages on the result of a prediction model to
predict students’ academic performance, to do early intervention to assist students
who may need academic guidance. The prediction model is based on students’ atten-
dance and scores of formative assessments to predict the score of the final summative
assessment using a suitable machine learning algorithm. Scikit-learn library using
Python will be used in this research to run the machine learning algorithms. The
chatbot will be developed using Dialogflow which is integrated with one of the
text messaging apps and established connection to a database. The database stores
students’ attendance, scores of formative assessments, scores of final summative
assessments and the status of students whom the chatbot has reached out to. This
research aims to reduce the workload of lecturers to reach out to every student who
is predicted to have problems in their academic studies and at the same time, be able
to assist students using a chatbot.
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1 Introduction

Tertiary education plays a very important role for the development of a nation and
the catalyst for the economic growth. Generally, the vision and mission of Institu-
tions of Higher Learning (IHLs) have always focus on holistic education to work
towards students’ success. However, it is observed that many IHLs are facing with
increasingly high students’ dropout, mainly due to lack of motivation or interest to
continue with their studies [1].

Therefore, giving timely support to students who are having problems in their
studies is always the effort made by education providers to increase the percentage
of students’ success [2] and increase graduation rates [3]. Currently, it is difficult to
depend solely on lecturers to identify every individual student facing problems at
the early stage of the weeks for them to do intervention, especially if dealing with
large group of students. To address this issue, there are quite a number of research
which used machine learning algorithms and learning analytics to identify students
whomay have problems to cope with their studies during early weeks of their studies
[2, 4].

Learning Analytics is the process of collecting, measuring and analysing data
about students as learners with the objective to improve the quality of learning,
which can be used to provide performance feedback and learning recommendation
to students with different learning behavior [5].

Tempelaar et al. [6] stated that feedback to students is only helpful if twoconditions
are met:

• it is predictive
• intervention can be made on time to support students.

For this proposed research, a prediction model will be developed to predict
students’ performance of a course, based on past data. It is expected that an early
intervention can be taken to assist and guide a student whom is predicted not able to
cope with a course that he or she is undergoing.

Since there were so many studies done to investigate which machine learning
algorithm provides the most accurate prediction in the aspect of student retention,
the focus of this research is to utilize the result of the best machine learning algorithm
used to trigger a chatbot via a text messaging app to complement the educators’ role
to assist students at the preliminary stage. The study will be tested for students who
are undergoing tertiary education.

Although a common challenge faced by researchers in this area is to have a generic
prediction model to fit for different courses in different universities [4, 7], solving
this problem will not be the focus of this research, but to be considered to be solved
in future research.



Design and Functionality of a University Academic Advisor … 169

2 Related Work

Literature review about the prediction model used to predict students’ motivation
or achievement in their studies, followed by usage of chatbot in education will be
conducted.

Various researches have been conducted to predict students’ motivation or
achievement via distance learning system, Massive Open Online Courses (MOOCs),
blended learning or learning management systems in different level of studies which
is K12 or Tertiary Education. Learning Analytics (LA) provides useful insights to
students, educators or institutions of higher learning (IHLs) in predicting students’
success by leveraging on Machine Learning (ML) techniques using large amount of
educational data collected [8].

Random Tree algorithm which is one of the Tree Classifier algorithms in WEKA
has the best accuracy to predict and classify academic performance [9]. In another
piece of research, the decision Tree J48 model showed the best result to identify
students’ low-engagement based on the data collected from an e-learning system. The
most significant input variables were clicks on study materials, discussion forums,
students’ navigation path and homepage. However, it was stated that student engage-
ment is a very complex problem and may depend on other factors like teaching
experience, course design, teaching style and course concepts [10].

A predictive model using machine learning tools and techniques are used to
identify students as early as Week 3 of a Fall semester for early intervention to
improve student retention. A combination of classifiers (Random Tree is tested the
best classifier) and measurements (mainly students’ attendance) have been selected
and achieved in excess of 97%of accuracy.However, it is stated thatmachine learning
applications will not remain static as training the machine learning model is an
ongoing process to include new data and to remove aging data. There is also a need
to do more research across other institutions of higher learning with similar charac-
teristics of students to validate whether the predictive model still produce accurate
results [4]. Table 1 shows the summary of related work about machine learning algo-
rithms predicting students’ academic achievement, graduation time, drop-out and
motivation.

In summary, educational data that can be collected comprises of the individual or
combination of the followings to do prediction [14]:

• Students’ Attendance [4]
• Students’ Academic Performance in summative or formative assessment [9, 12]
• Students’ Interaction within LMS [9, 12, 15, 16]
• Students’ Personality [17]
• Students’ Motivation [9, 17–19]
• Students’ Demographic Profile [11].

In terms of the tools used that are related to learning analytics and machine
learning, WEKA is the popular open source machine learning toolkit used in many
pieces of research [4, 9, 10]. Another very popular open source machine learning
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Table 1 Summary of related works

Selected predictors
variables

Machine learning
algorithms

Prediction Authors

Students’ attendance Random tree Students’ grade Gray and Perkins [4]

• Velocity—speed
• Quantity—in terms of
length of answers

• Relevancy—correctness
of answers

Random tree Students’ motivation Juliane et al. [9]

• Student demographics
profile (place of birth,
age)

• Organization (activist,
non-activist)

C4.5 decision tree Students’ graduation
time

Budiman et al. [11]

1. Persistence
• Total number of visits to
learning management
system (LMS)

• Duration of watching
video

• Completion of tasks
2. Enthusiasm
• Post and reply in forum
3. Responsibility
• Average score of all
homework

• Average score of scores
of the 10 examinations

• Average score of
submission timestamps
of the 10 examinations

Deep neural
network (DNN)

Students’ grades Yu [12]

• Sociodemographic
• Program
• Academic History

Random forest Students’ dropout Solis [13]

toolkits on the rise are Python, Scikit-Learn machine learning library [20–25] and
RapidMiner [11, 15] which are very promising to be applied in both research and
real-life applications.

Once a student who is undergoing a course through an e-learning platform is
predicted to have loss of motivation or poor academic performance, Artificial Intel-
ligence (AI) can be applied to construct adaptive learning mechanisms using recom-
mender systems [26].However, itwas found thatAI is commonly knownas a complex
solution that is more expensive, prone to error if it is not designed accurately and
requires a higher level of technical skills to implement. All risks and obstacles should
be properly addressed to apply AI in e-learning.

Application of AI through chatbot is on the rise to solve many real-world applica-
tions. Chatbot is a conversational agent that interacts with human being with natural
language processing capability [27]. Although usage of chatbot in education is still at
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infancy stage, there were numerous positive outcomes based on the research done as
of now. It was tested on various areas in education sector, for example as Intelligent
Tutoring System [28], to support Admission Services [29], to provide Academic
Advisement [30], to support first year students [31] and to support General Student
Enquiries [32–34].Most of the chatbots focus on using text-basedmessaging. Recent
research work for chatbot is related to voice recognition, speech-to-text capability
[29] and adaptive learning [28] to name a few.

In the aspect of chatbot engine, recent research work focused in improving
knowledge-based response using rule-based approach [29, 32], Artificial Intelligence
Markup Language (AIML) [33], message preprocessing approach [34], answer from
Question and Answer Database [35] and Natural Language Processing (NLP) [36].

Based on the literature review, there is a research gap in using a chatbot as an early
intervention to assist university students’ who are predicted to have poor academic
performance using suitable machine learning algorithms. The focus of the research is
not to develop a comprehensive knowledge-based chatbot but to leverage on chatbot
using one of the social messaging app to remind the students to attend classes or
to alert them to do mini-revision and supplementary quizzes as part of the early
intervention process.

3 Methodology

The proposed solution to increase the students’ performance in tertiary education
is to implement early intervention during the early weeks of a semester by using a
predictive model to trigger a University Academic Advisor chatbot using one of the
text messaging platforms (e.g. Whatsapp,1 Telegram,2 Hangouts Chat3) to reach out
to students who may potentially face problems in their studies.

Empirical study will be carried out for this research. Datasets will be collected
from one common course offered by a university for two semesters. It is estimated to
involve 100–150 students. Comparison for both experimental and controlled groups
will be made to analyse whether there is any significant impact of a chatbot as an
early intervention to improve students’ academic performance. Figure 1 shows the
overview of the methodology.

3.1 Data Collection and Preparation

Twodatasetswill be collected for a coursewhich is offered in two different semesters.
The first dataset is used as the training and validation purpose and the second dataset

1https://www.whatsapp.com/.
2https://telegram.org/.
3https://hangouts.google.com/.

https://www.whatsapp.com/
https://telegram.org/
https://hangouts.google.com/
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Fig. 1 Overview of the methodology

is used to predict who are the students predicted to have low summative assessment
score and to reach out to these students by using the university academic advisor
chatbot.

The features of the dataset are:

• Att_1, Att_2…Att_n represents the total number of attendances for tutorial
and/or practical class on a weekly basis where n represents the total number
of weeks

• FA_1, FA_2…FA_n represents the score of every formative assessment where
n denotes the total number of formative assessments conducted throughout the
semester.

• Final SA Score represents the score of a final summative assessment.

3.2 Feature Selection and Machine Learning Algorithms

Feature selection will be made to provide the best fit for the prediction model using
a suitable classification machine learning algorithm which is to predict whether a
student will pass or fail the final summative assessment of a course.
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Tools to be used for feature selection, learning algorithms and validation ofmodels
are Python using Scikit-Learn4 library which consists of various machine learning
algorithms.

3.3 Preliminary Data Analysis

Preliminary testing was conducted using the Educational Processing Mining dataset
which is a public dataset obtained from the UCI Machine Learning Repository
website [37]. The dataset, which closely matched with the features of the proposed
dataset, recorded the sessions attended by the 115 first year undergraduate students,
major in Engineering at the University of Genoa together with their formative and
summative assessment marks. There were 6 sessions of participation, formative
assessment for Session 2 to Session 6 and a final summative assessment. Students’
participation for every session closely matched with students’ attendance.

Random forest model is selected for the preliminary testing based on its popu-
larity as a supervised machine learning algorithm with high prediction accuracy and
with feature selection capability [38, 39]. Since the goal of this research is early
intervention, data obtained during early weeks are selected as possible features for
the prediction model. Training dataset and testing dataset are split to 80% and 20%
respectively. Using the feature importance, it was found that the grade of Session
2 (S2_FA) and Session 3 (S3_FA) formative assessment made significant impact
to predict students’ academic performance (pass or fail) as compared to attending
respective sessions (S1, S2, S3) as shown in Fig. 2.

Table 2 showed that the highest accuracy to predict students’ academic perfor-
mance using the Educational Processing Mining public dataset is to train the model
using 90% of the data. Although the F1-Score (Weighted Average) is 0.75, this is a
good indication of students possibly having problems at the early stage of the studies
and to provide early intervention to assist them.

3.4 Design and Functionality of the University Academic
Advisor Chatbot

TheUniversity Academic Advisor Chatbot will be developed usingDialogflow.5 The
chatbot will be deployed using one text messaging app. A database is used to store
the students’ attendance, scores of formative assessments, scores of final summative
assessments and the status of students whom the chatbot has reached out to for
subsequent follow-up. The chatbot will take necessary actions as shown in Table 3.
Sequence diagram of the University Academic Advisor Chatbot is depicted in Fig. 3.

4https://scikit-learn.org/.
5https://dialogflow.com/.

https://scikit-learn.org/
https://dialogflow.com/
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Fig. 2 Feature importance for the participation of Session 1 (S1), Session 2 (S2), Session 3 (S3),
formative assessment for Session 2 (S2_FA) and Session 3 (S3_FA)

Table 2 Comparison of F1-score (weighted average) according to the percentage of training data
and testing data

Training data (%):Testing data (%) F1-score (weighted average)

70:30 0.65

75:25 0.61

80:20 0.65

85:15 0.72

90:10 0.75

4 Conclusion

Maintaining students’ retention in Institutions of Higher Learning is always a big
challenge. There are many researches focusing in finding the most suitable machine
learning algorithms to predict students’ academic performance, motivation and drop-
out with high accuracy but there are not many research in utilizing chatbot as an early
intervention to assist students who may need lecturers’ help at university level.

The scope of this research is to:

• choose most suitable machine learning technique(s) using new datasets (atten-
dance and scores of formative assessment) to accurately predict the students’
score for the final summative assessment.
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Table 3 Actions by the university academic advisor chatbot

Condition Actions by chatbot

Attendance is poor Remind and ask whether the student will attend
the next classes
If the answer is yes, provide a thank you
message to the student for confirming their
attendance. At the same time, provide
encouragement or inspiring words to further
motivate the student to attend class
If the answer is no, list all possible reasons the
student is not able to attend class for the student
to choose from. Chatbot will provide
pre-defined solutions for the reason that student
cannot attend the next class
If there is no reply from the student within 24 h,
the chatbot will remind and ask again whether
the student will attend the next class
If there is no reply from the student within 48 h
or the reply is not able to attend the next class,
the chatbot will send an alert to the lecturer in
charge of the course for human intervention

Average score of identified learning activities
is low

Based on which topic that the student has
demonstrated low achievement based on the
score of the identified learning activities,
chatbot will provide mini revision, by
prompting the student to access to the learning
materials and do a supplementary quiz to
strengthen the foundation
If there is no reply from the student within 24 h,
the chatbot will attempt to prompt the student to
access to the learning materials and do a
supplementary quiz to strengthen the foundation
If there is no reply from the student within 48 h
or still do not do well in the supplementary quiz,
the chatbot will send an alert to the lecturer in
charge of the course for human intervention

• develop a university academic advisor chatbot using a text messaging app as the
platform to reach out to students to address students’ absenteeism or low average
score for formative assessment.

• send alert messages to lecturers to conduct human intervention, if students do not
have any response after two attempts made by the university academic advisor
chatbot.

Using machine learning algorithm and the Educational Processing Mining public
dataset has provided some insights of the impact of some features as compared to
the other non-significant features to predict students’ academic performance which
will be further analyzed using new datasets to be collected soon.
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Fig. 3 Sequence diagram of the university academic advisor chatbot
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Multiprocessing Implementation for
Building a DNA q-gram Index Hash
Table
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Abstract Over the past few years, next-generation sequencing has become an
invaluable technology for numerous applications in the field of genomics. The suc-
cess of these applications are dependent on the performance of each phase in the
genomic sequence pipeline, which starts with read mapping. However, read mapping
is computationally intensive since it requires mapping billions of reads to numerous
locations in a large reference genome. Building a q-gram index hash table has proven
to be an efficient alternative to reduce the repetitive scanning of the reference during
the verification step. A q-gram index hash table stores the locations of each q-gram
in the reference genome. To accelerate the process of building this data structure
and to exploit the multi-core architecture, instructions can be executed in parallel
and distributed to multiple CPU cores. This paper performs a comparison analysis
between the sequential and multiprocessing implementation of the index build time
of the three methods for building a q-gram index hash table. The implementation
results show that all multiprocessing versions are faster than sequential ones, with
speedups ranging from 1.53 to 2.57. Although the open addressing method yields
the fastest index build time, the best speedup is achieved by the minimizer-based
method.
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1 Introduction

The advent of massively parallel sequencing or next-generation sequencing (NGS)
platforms has proven to be an invaluable milestone in the field of genomics. These
platforms paved the way for a multitude of new opportunities for researchers such
as understanding the human genome diversity among populations [4], analyzing the
genomic variants of ape species [17] and profiling of human diseases [15].Despite the
breakthroughs presented, these new sequencing platforms have shown to intensify
the computational burden of genomic analysis [24]. NGS platforms generate a large
amount of short DNA segments (also known as reads) which are later mapped to a
known reference genome. This read mapping process is computationally expensive
because billions of reads are being aligned to various locations of a large reference
genome (i.e., human genome has 3.2 billion base-pairs). Another challenge is that
each read may contain edits such as substitutions, insertions and deletions. This
makes readmapping process an approximate string searching problem solvable using
algorithms with quadratic-time complexity [3].

During the read mapping process, dynamic programming algorithms, such as
Levenshtein edit distance [10] and Smith-Waterman [21], are typically employed in
a verification step which measures the similarity between each read and candidate
locations in a reference genome. However, these algorithms are inefficient especially
given the amount of sequences that need to be processed. To significantly improve
the read mapping process, most recent works utilize an approach called the filter-
verification paradigm [1, 22, 25]. This approach uses a string-matching algorithm to
compare the q-grams (subsequences with length q) of a read with those of a known
reference genome. The dissimilar sequences are immediately filtered out and only the
pool of candidate matches are later sent to the computationally intensive verification
step [18].

As mentioned, the reference genome is often very large and traversing it repeat-
edly throughout the string matching process of the filtering step would be ineffi-
cient. Hence, a q-gram index hash table is generated. This data structure stores all
occurrences of the q-grams present in the reference genome. Each q-gram serves
as a basis for the hash key which subsequently determines where that q-gram will
be stored in the hash table. Various works implementing a hash table have demon-
strated to leverage open addressing schemes [16, 26, 27]. As for generating a q-gram
index hash table, the latest work is RazerS3 [22], a read mapper based on counting
q-grams which supports two filtering implementations (i.e., SWIFT and pigeonhole)
and shared-memory parallelization. Each filter uses an open addressing q-gram index
and the entire filter is being executed in parallel. The use ofminimizers has also shown
versatility in various applications such as q-gram counting [5, 7], metagenomics
[13, 23] and read mapping. MashMap [8] and Minimap2 [12] are two read mappers
which utilize a minimizer-based q-gram index hash table. Both collect minimizers
from the reference genome and load these into a hash table. MashMap, however,
builds a hierarchical index based on different window sizes. Another hash table
implementation called direct addressing was also designed to build a q-gram index
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[6]. This scheme, however, may not be optimal for larger values of q as it stores all
possible q-gram combinations. Given these works, there are currently none which
employmultiprocessing techniques for generating direct addressing, open addressing
and minimizer-based q-gram index hash tables.

Parallel implementationsmay be designed to further speedup the filtering step and
fully take advantage of a multi-core system. Multiprocessing dwells on executing
one task for every CPU core andmultiple tasks executing in parallel onmultiple CPU
cores. An algorithm such as building the index hash table can be divided into subtasks
and assign each to the available cores. This may present significant improvement in
speed compared to sequential execution [9]. For this reason, in this paper, the goal
is to perform a comparison analysis between the sequential and multiprocessing
implementation for building a q-gram index hash table. The comparison will be in
terms of index build time and will be conducted for three different index-building
methods.

2 Index-Based Hash Table

The index-based hash table is a data structure built based on q-grams as the index and
permits a more efficient retrieval of all q-gram occurrences from a known reference
genome [14]. A q-gram is a sequence of q characters from an alphabet � where
� = {A,C,G, T } for DNA sequences. For example, the reference string ACGTT
will yield the following overlapping 2-grams: AC, CG, GT and TT [20]. A q-gram is
typically converted to its rank or its equivalent weighted value. This can be calculated
by assigning A with a value of 0, C with a value of 1, G with a value of 2 and T with a
value of 3. Thus, given a 2-gram CG, the corresponding rank value will be 6 (i.e., 1 ∗
41 + 2 ∗ 40). The following subsections discuss in detail three methods for building
an index-based hash table: direct addressing, open addressing and minimizer-based.

2.1 Direct Addressing q-gram Index Hash Table

The direct addressing q-gram index method [6] consists of two tables: the directory
table and the position table. The directory table stores for each possible q-gram
combination the starting location of that q-gram in the position table. A hashing
function is not necessary since there is an entry for all possible q-grams (i.e., 4q )
and each q-gram will yield a unique rank value. The position table stores the actual
location where each q-gram occurs in the reference genome of length n. The number
of entries in this table is equal to the number of q-grams present in the reference
genome (i.e., n − q + 1). Thismethod yields a time complexity of O(4q + n) since it
populates both the directory and position tables. Figure 1 shows a detailed example
of the direct addressing q-gram index hash table method given a reference string
ACGTTAACTC and q = 2.



182 C. C. Mercado et al.

Fig. 1 Direct addressing q-gram index hash table

2.2 Open Addressing q-gram Index Hash Table

Given the exponential space needed for the direct addressing method, memory usage
quickly becomes a limiting factor for large q. However, not all q-gram combinations
need to have an entry in the directory table since the maximum number of q-grams
present in a reference genome is n − q + 1. The open addressing method [6] adds
a new table called code table where each q-gram rank value is hashed into. This
maps only the q-grams present in the reference genome to their respective positions
in the directory table. It has a size of �α−1n� where α is the fixed load factor with
0 < α ≤ 1. A modulo operation may be used as a pseudo-random hash function and
collisions may be handled with quadratic probing. Similar to direct addressing, the
open addressing method generates a directory table and a position table exhibiting
the same functionality. The size of the directory table, however, is reduced to the
size of the code table plus one. This omits the exponential behavior of the memory
consumption in a direct addressing hash table.As for the time complexity, thismethod
yields an O(2 + α−1)n since it populates all three tables to build the index. Figure
2 shows a detailed example of the open addressing q-gram index hash table method
given a reference string ACGTTAACTC, q = 2 and α = 0.8.

2.3 Minimizer-Based q-gram Index Hash Table

The minimizer-based method [19], as the name suggests, was presented to minimize
the storage requirements of q-gram index hash tables. This method stores the rep-
resentative q-gram (i.e., minimizer) from each window of w consecutive q-grams,
where ‘consecutive’ means that each q-gram contained by that particular window
is shifted to the right by one character. Given w consecutive q-grams, the length of
each window will be w + q − 1. Choosing the representative q-gram can be done
by obtaining the smallest rank value or any other ordering depending on the require-



Multiprocessing Implementation for Building … 183

Fig. 2 Open addressing q-gram index hash table

Fig. 3 Selecting the minimizers within widows in a reference string

ment. As shown in Fig. 3, given q = 3 and w = 3, the smallest ranking q-gram is
ACG and therefore it becomes the minimizer for the window ACGTT.

Themethod of selecting aminimizer within awindow is performed to all windows
present in a reference genome, as illustrated in Fig. 3. The figure shows three con-
secutive windows choosing the same minimizer AAC. This behavior is fundamental
to how minimizers significantly reduce the storage requirement for a q-gram index
hash table. Instead of storing all 8 q-grams present in the reference string, only 4 will
be stored. Once a minimizer is selected from a window, its rank value goes through
an invertible integer hash function. The hashed value acts as the key in the hash
table containing the positions of the windows where this minimizer was selected.
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To build the index, the minimizer-based method performs two loops: an outer loop
which splits the reference genome into windows and an inner loop which selects the
minimizer from each window. This translates to a time complexity of O(n − 2q)q.

3 Methodology

Both sequential and multiprocessing versions for the three index-building meth-
ods are implemented in C++. The multiprocessing version is achieved by utilizing
OpenMP,1 a library which supports shared-memory parallelism for C++ programs. It
allows the conversion of programs from sequential to multiprocessing with minimal
codemodifications by using simple compiler directives. OpenMP’s directives tell the
compiler which instructions must be executed in parallel and how to distribute these
instructions among the available threads [2]. Although this simplifies the task at hand,
code analysis still has to be performed by the programmer to identify if code blocks
can be executed in parallel. Algorithm 1 shows the multiprocessing implementation
of the minimizer-based method through the use of OpenMP directives. The construct
#pragma omp parallel f or (at line 4)marks the start of a parallel region containing
a for loop. This is convenient if there are no dependencies among instructions within
the loop body. Since the iterations of the outer loop involve selecting a minimizer
within each window, each iteration can be executed independently and distributed
among the available threads. Furthermore, the #pragma omp cri tical construct (at
line 18) specifies that the enclosed code block is a critical section. In other words, it
must execute an instruction one thread at a time. This is used to safely allowmultiple
threads to access and update the array of minimizers.

Algorithm 1 OpenMP implementation of the minimizer-based method.

1: re f ← reference string
2: n ← length of re f
3: wLength ← w + q − 1
4: loop#pragma omp parallel for
5: for i ← 0 to n − wLength do
6: window ← re f from i to i + wLength − 1
7: for j ← 0 to wLength − q do
8: qGram ← window from j to j + q − 1
9: rankVal ← extract Rank(qGram)

10: hashVal ← int Hash(rankVal)
11: if hashVal < min then

12: min ← hashVal
13: minzer ← qGram
14: end if
15: end for
16: rankValMin ← extract Rank(minzer)
17: hashValMin ← int Hash(rankValMin)

18: loop#pragma omp critical
19: push i to minimizers[hashValMin]
20: end loop#pragma
21: end for
22: end loop#pragma

For themultiprocessing implementation of the direct addressingmethod, as shown
in Algorithm 2, there are three loops involved. The first loop iterates, in parallel,
through each q-gram and converts each to its rank value. The succeeding instruction
(at line 8), however, increments the directory table at the position corresponding to

1https://www.openmp.org/.

https://www.openmp.org/
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the rank value. Since there can be multiple q-gram instances, multiple iterations can
update a single memory location. Thus, the instruction is enclosed in #pragma omp
atomic (at line 7). Although the atomic and cri tical constructs both prevent race
conditions, atomic exhibits a substantially lower overhead and is limited to only a
restricted set of operations.

Algorithm 2 OpenMP implementation of the direct addressing method.

1: re f ← reference string
2: n ← length of re f
3: loop#pragma omp parallel for
4: for i ← 0 to n − q do
5: qGram ← re f from i to i + q − 1
6: rankVal ← extract Rank(qGram)

7: loop#pragma omp atomic
8: increment dirT able[rankVal] by 1
9: end loop#pragma
10: end for
11: end loop#pragma
12: for i ← 1 to size of dirT able − 1 do
13: dirT able[i] ← dirT able[i] + dirT able[i − 1]

14: end for
15: loop#pragma omp parallel for
16: for i ← n − q to 0 do
17: qGram ← re f from i to i + q − 1
18: rankVal ← extract Rank(qGram)

19: pos Index ← 0
20: loop#pragma omp critical
21: decrement dirT able[rankVal] by 1
22: pos Index ← dirT able[rankVal]
23: end loop#pragma
24: posTable[pos Index] ← i
25: end for
26: end loop#pragma

As for the second loop, it contains a single statement which cascades values
throughout the directory table. It possesses a loop-carried dependency and therefore,
is not implemented in parallel. The last loop employs the cri tical construct since
there are two consecutive statements that need to be executed one thread at a time.
On different iterations, the first instruction can decrement the element from a single
array location while the second “snapshots” this decremented value and stores it in
pos Index , which is later used as the key pointing to the location in the position table
where a q-gram is stored.

The open addressing method involves three loops to build the hash table. The first
loop builds the code table which stores the rank values of all q-gram occurrences in
the reference genome. To do this, every iteration contains an if-else statement which
checks if a location in the code table is empty. Only then can the rank value be stored.
However, the multiprocessing structure of the loop can be vulnerable to data races
(i.e., two threads accessing a shared memory location at the same time). This can
be due to simultaneous checking of the code table from different points in the code
segment. As a result, two iterations may be hashing into one code table position,
disregarding the earlier assignment.
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Algorithm 3 OpenMP implementation of the open addressing method.

1: re f ← reference string
2: n ← length of re f
3: loop#pragma omp parallel for
4: for i ← 0 to n − q do
5: qGram ← re f from i to i + q − 1
6: rank ← extract Rank(qGram)

7: hashVal ← rank mod codeTable size
8: omp_set_lock()
9: if codeTable[hashVal] �= −1 then
10: j ← hashVal
11: k ← 1
12: while codeTable[ j] �= (−1 and rank) do
13: j ← ( j + (k ∗ k)) mod codeTable size
14: k ← k + 1

15: end while
16: codeTable[ j] ← rank
17: increment dirT able[ j] by 1
18: omp_unset_lock()
19: codeTableIndices[i] ← j
20: else
21: codeTable[hashVal] ← rank
22: increment dirT able[hashVal] by 1
23: omp_unset_lock()
24: codeTableIndices[i] ← hashVal
25: end if
26: end for
27: end loop#pragma

OpenMP’s support functions for the mutex lock (at line 8, 18 and 23) are used to
ensure that the code table locations are being accessed and modified one thread at
a time, as shown in Algorithm 3. While locks may be similar to using pragma and
atomic constructs, locks are about the data, not the code segment. For instance, given
the atomic implementation (at line 7 in Algorithm 2), although it involves updating
a shared element in the directory table as well, the only requirement is to prevent
two processes from executing an update instruction simultaneously, regardless of
what is being updated. The use atomic is a sufficient to yield correct results. In this
method, however, a lock is deemed to be the best technique to prevent two processes
from executing an update instruction simultaneously on a single memory location.
This is to guarantee a “lock” on the element in the code table which is crucial
to the correctness of the other loop iterations. The second and third loops have a
multiprocessing implementation similar to direct addressingwith the small difference
in the third loop. The third loop iterates through codeTableIndices instead of each
q-gram which means that rank extraction is omitted and code table indices are used
to index the directory table.

The testing platform used is an Ubuntu 18.04 system with a quad-core Intel®

Xeon® 2.60 GHz CPU (2 threads each core) and 16 GiB of memory. All implemen-
tations are run on a simulated and a real reference genomedata set. The simulated data
set has a length of 1,048,576 and contains randomly generated DNA characters. As
for the real data set, the Human genome (GRCh38) chromosome 4 is used, which is
obtained from the National Center for Biotechnology Information (NCBI) website.2

It has a length of 189,752,667 and has all non-ACGT characters removed. Except for
the direct addressing method, the index build time is documented for each q value of
8, 10, 12, 14, 16, 18 and 20. Given memory limitations, direct addressing can only
execute up to a q-gram size of 14. For the minimizer-based method, the w value is
set equal to the value of q. This allows every character in the reference string to be
covered by at least one minimizer [19]. Moreover, this method passes each q-gram

2https://www.ncbi.nlm.nih.gov/genome/guide/human/.

https://www.ncbi.nlm.nih.gov/genome/guide/human/
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rank value to an invertible integer hash function3 first before selecting the mini-
mizer within each window. The hash function hinders non-informative poly-A (i.e.,
AAAA), the smallest ranking sequence, to always be selected as minimizers [11].

4 Results and Discussion

The experimental results for the two data sets, summarized in Tables 1 and 2, show
that all OpenMP-based implementations outperform sequential implementations for
each of the three methods. The direct addressing method demonstrates a speedup
from 2.06 for q = 8 down to 1.59 for q = 14 in the simulated dataset and 1.92
for q = 8 down to 1.68 q = 14 in the real dataset. As discussed in the previous
section, the second loop iterating through the directory table contains dependencies
and therefore, is implemented sequentially. As such, the speedup decreases as the
directory table’s size increases exponentially. For the open addressing method, the
speedups range from 1.53 to 1.65 for the synthetic data set and 1.69 to 1.86 for
the real data set. Despite having the lowest index build time, the speedup is lower
in comparison to the other two methods (from q = 8 to q = 12). This is attributed
to the use of OpenMP’s lock functions especially since the process of resolving
collisions is enclosed in it. The minimizer-based multiprocessing implementation
resulted in the best speedup being at least 1.84 faster for the simulated data set and
at least 2.51 times faster for the real data set. This due to a more optimized use of
critical regions, as shown at line 18 in Algorithm 1where there is only one instruction
contained by the cri tical construct inside the whole loop. For validation purpose,
another simulated data set with a length of 4,194,304 (i.e., 4MB) and another real
data set Escherichia coli with a length of 5,498,578 (i.e., E. coli) was run (data
not tabulated). The speedup results obtained are consistent. For direct addressing,
speedups also decline from 1.78 (q = 8) to 1.63 (q = 14) for 4MB and from 1.92
(q = 8) to 1.80 (q = 14) for E. coli. The speedups for open addressing range from
1.75 to 1.86 for 4MB and 1.76 to 1.84 for E. coli. The minimizer-based method still
has the best speedups: ranging from 1.90 to 2.04 for 4MB and 1.92 to 2.02 for E.
coli.

The speedups of the current implementations are affected by several types of
overheads incurred due to the utilization of OpenMP. There are sequential overheads,
which are essential to some computations to ensure that correct results are obtained.
Moreover, there exist synchronization overheads resulting from the use of constructs
such as cri tical and atomic as well as the support functions for locks. From this,
load imbalance among synchronization points is a likely occurrence. In other words,
certain threads become idle once they finish executing instructions and have to wait
for the slower threads. Lastly, there are also parallelization overheads, which are
incurred due to the use of OpenMP directives to designate parallel regions.

3https://naml.us/post/inverse-of-a-hash-function/.

https://naml.us/post/inverse-of-a-hash-function/
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Table 1 Index hash table build time (in seconds) of the three methods in for the simulated data set
(n = 1, 048, 576)

Direct addressing Open addressing Minimizer-based

Sequential Multiprocessing Sequential Multiprocessing Sequential Multiprocessing

q Speedup Speedup Speedup

8 5.82 2.83 2.06 2.76 1.78 1.55 23.24 11.71 1.98

10 7.20 3.52 2.05 3.43 2.16 1.58 34.60 17.65 1.96

12 9.06 4.47 2.03 4.03 2.63 1.53 48.42 24.96 1.94

14 20.13 12.69 1.59 4.81 2.95 1.63 65.44 33.36 1.96

16 N/A N/A N/A 5.37 3.31 1.62 85.05 45.52 1.87

18 N/A N/A N/A 5.93 3.66 1.62 106.13 57.68 1.84

20 N/A N/A N/A 6.58 3.99 1.65 128.60 68.95 1.87

Table 2 Index hash table build time (in seconds) of the three methods in for the real data set
(n = 189, 752, 667)

Direct addressing Open addressing Minimizer-based

Sequential Multiprocessing Sequential Multiprocessing Sequential Multiprocessing

q Speedup Speedup Speedup

8 900.63 468.40 1.92 491.44 289.96 1.69 5390.36 2144.25 2.51

10 1158.91 630.63 1.84 609.68 343.35 1.78 8247.21 3252.91 2.54

12 1406.76 775.34 1.81 749.07 419.92 1.78 11,564.16 4566.83 2.53

14 1629.84 972.53 1.68 887.98 484.82 1.83 15,478.96 6136.03 2.52

16 N/A N/A N/A 986.86 536.15 1.84 20,448.72 7968.93 2.57

18 N/A N/A N/A 1095.43 614.03 1.78 25,574.94 9939.75 2.57

20 N/A N/A N/A 1208.98 649.46 1.86 31,191.65 12,120.68 2.57

The index build time of all multiprocessing implementations for varying q-gram
sizes are illustrated in Figs. 4 and 5. In terms of selecting the fastest method for build-
ing a q-gram index hash table, open addressing outperforms the other two methods.
While its index build time is independent of the q-gram size, resolving collisions
results in incremental increase in time as the q value increases. Direct addressing,
as previously discussed, grows exponentially as q increases. This behavior is dis-
tinguishable for the simulated data set but not as much for the real data set due to
limitations in executing q values over 14. As for the minimizer-based method, its
index build time is dependent on the value of q and performs the worst for q = 8
to q = 14. For larger values of q, however, it will be surpassed by direct addressing
method’s exponential build time.

Figure 6 shows the q-gram index hash tables generated after executing the three
multiprocessing implementations on a smaller input. The 2-gram AG occurs at posi-
tions 8, 10 and 18 in the reference sequence TATGCACCAGAGTATGGAAG, which
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Fig. 4 Multiprocessing
implementation index build
time vis-a-vis q-gram size
for the simulated data set
(n = 1, 048, 576)

Fig. 5 Multiprocessing
implementation index build
time vis-a-vis q-gram size
for the real data set
(n = 189, 752, 667)

has a length of 20. For the minimizer-based method, AG’s rank value 2 is passed
into the invertible hash function which yields a value of 9. The figure shows that at
position 9 in the index, the windows which select AG as their minimizer are found
at positions 8, 9, 7 and 18.
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Fig. 6 Resulting q-gram index hash tables given n = 20, q = 2, and α = 0.9

5 Conclusion and Future Work

In this paper, an OpenMP-based multiprocessing implementation was employed for
threemethods of building aq-gram indexhash table. The implementation resultswere
presented as a comparison of the index build time between the sequential and the
multiprocessing versions. Based on the outcomes of this study, the minimizer-based
method achieves the highest speedup. Its implementationmakes it least 2.51 faster for
the real data set. This is due to its implementation’s reduced use of synchronization
techniques. Speedups are not as significant for the other two methods due to loop-
carried dependencies and OpenMP’s synchronization overheads. Overall, exploiting
a multi-core system through an OpenMP-based parallel implementation yields a
better performance for building an index hash table compared to a sequential one.
These speedups, however, are only run on a single quad-core processor system.
Therefore, future work will involve conducting a performance study of executions
on varying number of cores. Other libraries for parallelism as well as distributed
computing can also be explored. Additionally, other multiprocessing techniques can
be investigated to identify a better implementation for each index-building method.
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Predicting Chart Difficulty in Rhythm
Games Through Classification Using
Chart Pattern Derived Attributes

Arturo P. Caronongan III and Nelson A. Marcos

Abstract Rhythm games are music-themed games that challenge players’ sense of
rhythm and reaction skills. One such popular rhythm-based video game is Dance
Dance Revolution, where players perform steps on a dance platform that is synchro-
nized with music as directed by on-screen step charts. An issue that exists, not just
in Dance Dance Revolution, but in rhythm games in general is the estimation of
a chart’s difficulty level. While many methods and studies exist in generating and
predicting chart attributes, there is no clear methodology existing in determining
the optimal difficulty of a given chart. This paper aims to address the aforemen-
tioned issue in the game of Dance Dance Revolution by proposing a methodology
that involves extracting patterns and common attributes in step charts that enable
more accuracy in determining a chart’s difficulty level. The resulting methodology
achieved an average True-Positive rating of 0.683 and an overall model accuracy of
74.82% for classifying charts according to levels in Dance Dance Revolution.

Keywords Machine learning · Classification · Data mining · Entertainment
computing

1 Introduction

1.1 Overview of the Current State of Technology

Dance Dance Revolution (DDR) is a rhythm-based video game with millions of
players worldwide [1]. In the game, players perform steps atop a dance pad by
following prompts from an on-screen stepchart (illustrated in Fig. 1) that are synced
with music that plays. The dance pad contains up, down, left, and right arrows which
can be in one of the four states: on, off, hold, or release. Since the four arrows can
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Fig. 1 An excerpt of a stepchart of a song. Stepcharts are a series of arrows that the user will have
to step to in a given rhythm. A stepchart’s difficulty increases depending on the stamina technique
required to successfully execute given patterns

be activated or released independently, there are 256 possible step combinations at
any instant [2, 3].

A player’s score depends on hitting the correct buttons at the correct time and
rhythm. Stepcharts vary in difficulty with harder charts containing more steps and
more complex sequences that normally require more movement [3]. It is due to
this that stepcharts exhibit rich structures and complex semantics to ensure that step
sequences are both challenging and enjoyable to players of varying levels. There
are varied types of players, namely beginners to competitive players, for the rhythm-
based video games and such is true for DanceDance Revolution. As a result, multiple
charts for each difficulty level are prepared for the same song. The game creators
manually compose these multiple charts in general.

The difficulty level of the charts is discretely composed, thus there is sometimes
too much distance between the difficulty levels. Some of the players, especially
average players, are not satisfied enough with the charts because the charts in the
appropriate difficulty level for the player are not prepared. A study named Dance
Dance Gradation [4] aimed to solve this issue that was not addressed in the afore-
mentioned study. In the study, the system learned the relationships between difficult
and easy charts based on the deep neural network using a dataset of dance charts
with different difficulty levels as the training data. The difficulty chart automatically
would be adapted to easier charts through the learned model. As mixing multiple
difficulty levels for the training data, the generated charts should have each charac-
teristic of difficulty level. The user can obtain the charts with intermediate difficulty
level between two different levels.
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1.2 Problem and Limitations of Existing Studies

Despite the approaches undertaken to add quantifiable values for step charts and
studies conducted for generating step charts, there exists an issue of accurately
making an estimate as to what a chart’s difficulty level is. Although there are metrics
that have been used to calculate different values of a chart, the final rating is still
relatively decided by themain designers of the game itself. Even after the final ratings
have been decided, there has been a history of charts being re-rated due to the average
score being deemed lower or higher than the average score for charts of that particular
level or the existence of new charts.

This paper aims to discuss a methodology that will be able to provide a proposed
solution to the existing limitation.

1.3 Scope and Limitations of the Study

For this research, the game of Dance Dance Revolution (DDR) will be used as the
reference rhythm game due to existing literature being provided with regards to
studies that have been conducted with regards to chart generation and in terms of
health benefits. Likewise, it is for this game where datasets representing the charts of
the game are available through open source communities as of thiswriting.As players
normally report discrepancies between ratings of charts between charts that are rated
Level 13 to Level 19, therefore it is charts that contain these difficulty levels that will
be studied in this paper. Although the charts are rated from 1 to 20 in the game of
DDR, with charts rated as Level 20 being the most difficult, charts rated Level 1 to
12 aren’t normally debated upon due to the absence of technical measurements not
observed in charts rated with a difficulty of Level 13 to 19. Likewise, most of the
charts that get re-rated are normally within the range between Levels 13 to 19 [5].

DDR’s ratings are in the form of a classification, thus classification algorithms
will be used for this study, but logistic (not linear) regression will also be considered.
Likewise, each different level will be treated as a nominal label. More of this will be
explained in the succeeding section. Finally, throughout this paper, the word “chart”
will be used to refer to a stepchart, the definition of which was explained in Sect. 1.1.

2 Review of Related Literature

2.1 Chart Structure and Step Patterns

In rhythm games the player hits notes by pressing buttons on an input device. The
goal is to hit notes in time to the music, which can be represented as a sequence S of
note, time pairs:
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S := {si = (ni , ti ), ni ∈ C, ti ∈ R, t1 < t2 . . . tN }Ni=1, (1)

where C is a finite set of possible notes, and N the total number of notes in the song.
Chords, or sets of in-game notes that occur at the same ti, are represented as a distinct
note [6].

Stepcharts in DDR are normally parsed through an open source Dance Dance
Revolution emulator named Stepmania through. SM files [7, 8]. SM files are text
files that contain information about the song’s contents, such as the title of the song,
the BPM, the audio file, and any other related song attributes related to the game.
Most importantly, SMfiles are used to represent a song’s corresponding chart through
a collection of texts, as shown in Fig. 2.

A series of patterns that may exist in charts have been labeled with terms. These
patterns are coined as the following with Fig. 3 illustrating the aforementioned
patterns. Steps (1) are a solitary step, where a single arrow in any direction is a step.
Multiple steps are placed together in a consecutive order, forming certain patterns.
Jumps (2) are simultaneous steps that come in six different variations in DDR, which
are done with two feet hitting both steps at the same time. Freeze (3) is performed by
stepping and holding down on a note until the freeze portion end. Staircase (4) is a

Fig. 2 Representation of a DDR chart’s measure. Eachmeasure contains n lines, where n= number
of beats in a measure, and 0 s indicate no step while a 1 indicates a normal step. 2, on the other
hand indicates a freeze arrow while 3 indicates the release of a previous freeze arrow
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Fig. 3 Existing patterns that encompass a song’s step chart. It is a consensus among players that the
presence of these patterns may influence a chart’s difficulty due to the advanced technique required
to execute some of them at high speeds [7]

pattern that occurs when players hit all arrows once going from left to right or right to
left. Candle (5) patterns take more movement than other patterns to execute because
of how they make a player’s foot on the first step go to the opposite panel on the
third step. Some examples of candle patterns are Up Left Down and Down Right Up.
Crossovers (6) are complex patterns which cause either a player’s left foot to step on
the right arrow, or the player’s right foot to step on the left arrow. Example patterns
are: Left Down Right, Left Up Right; and the reverse. Gallops (7) are two different
arrows in quick succession, typically 1/16th note apart. Drills (8) are at least five
consecutive notes, typically 1/16th notes (or 1/8th notes at high speed) alternating
on the same two arrows. Jacks (9) are a series of two or more consecutive notes on
the same arrow. Shocks (9) are arrows that occupy all panels simultaneously which
must be avoided by jumping or by placing both feet in the middle panel. Finally,
Step Jumps (10) are Patterns that involve a single step that precedes or occurs after
a Jump. Normally, these are classified as 8th singular steps followed by a jump [7].

2.2 Groove Radar and Groove Radar Values

The game has an official algorithm for calculating specific attributes broken down
into the following: Stream, Voltage, Air, Freeze, and Chaos. The Groove Radar, as
depicted in Fig. 3, is a graphical representation of a song’s step contents using a
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pentagon shape. Originally meant to be the successor to the traditional Feet/Number
Level system, both the Feet/Number Level and Groove Radar have been used since
then. While not meant to be an accurate representation of a stepchart’s difficulty, it
provides players with a graphical notation of the stepchart’s contents [9].

Stream is denoted as the amount of sets of steps that are right after one another
(step density) in the song. It is actually calculated as the average number of steps per
minute. Voltage refers to the peak density of the steps of the song. It is the highest
density of arrows that appear on the screen at once in one measure (four beats). Air
refers to the total number of jumps and Shock Arrows in the chart. Freeze is denoted
as the total length of the chart’s Freeze Arrows. Chaos refers to the amount of steps
that do not match well with the beat of the song [9].

3 Preliminary Data Analysis

3.1 Description of the Dataset

The dataset consists of 564 entries describing the Groove Radar Values generated
from the equations mentioned in [9]. The dataset is unbalanced, with a total of 196
level 13 charts, 108 level 14 charts, 100 level 15 charts, 74 level 16 charts, 41 level
17 charts, 39 level 18 charts, and only 6 level 19 charts. The reason for the small
amount in the dataset is due to the entries being limited to only official charts that
are available within the game. Likewise, performing data balancing techniques such
as Random Oversampling, Random Undersampling, or Synthetic Minority Over-
sampling Techniques might produce values that represent charts that have not yet
been developed, so this experiment decided to make use of actual data that already
contains concrete representations of existing charts.

3.2 Correlation of Groove Radar Attributes to the Level

Given the default analysis and attributes given, it can be clearly observed that Stream,
Voltage, and Air are positively correlated to the level as indicated in Fig. 4. This is
further evidenced in Table 1, which shows the difference between the average values
of levels compared to the average value of charts one level below it. It can be observed
that all were positively correlated with the exception of Freeze and Chaos (Fig. 5).

Further analysis observed that judging each chart by the Groove Radar values
alone showed that there may be charts that are rated lower but have values higher
than the average value of the next corresponding level. Table 2 displays the difference
obtained from subtracting the MAX (M) value of a corresponding level from the
Average (A) level of a level higher than the corresponding level.
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Fig. 4 The Groove Radar, which is used to visualize a chart’s stream, chaos, freeze, air, and voltage
via a pentagonal figure as taken from the Stepmania [9] interface. Ideally, higher level charts have
a bigger Groove Radar due to the higher density of notes

Table 1 Listing of the
differences of the average
Groove Radar values for
difficulties one level apart

Difference Stream Voltage Air

Lv 13–14 9.71 15.88 2.30

Lv 14–15 12.41 9.99 5.98

Lv 15–16 14.33 9.50 4.30

Lv 16–17 16.00 13.40 7.27

Lv 17–18 17.22 12.15 10.35

Lv 18–19 30.68 15.53 5.252

Fig. 5 Correlation of the
average Groove Radar values
in determining a chart’s
difficulty and how they are
positively correlated

0

50

100

150

200

Level
13

Level
14

Level
15

Level
16

Level
17

Level
18

Level
19

Stream

Voltage

Air

Freeze

Chaos



200 A. P. C. and N. A. Marcos

Table 2 Listing of the differences of the average Groove Radar value for one level lower

Mean–Ave Stream Voltage Air Freeze Chaos

M(13)–A(14) 10.037 18.38 160.94 92.47 44.27

M(14)–A(15) 22.63 79.39 66.96 59.76 71.07

M(15)–A(16) 29.30 51.89 78.66 70.70 17.41

M(16)–A(17) 29.29 20.49 51.39 70.78 98.85

M(17)–(18) 15.08 44.33 48.05 49.46 61.38

M(18)–A(19) 22.40 111.80 45.80 64.60 41.60

Under ideal scenarios, it is best if the values of all relevant attributes (deemed to
be Stream, Voltage, Air) of a particular level will always be higher than the values of
charts of a lower level. However, that is not the case. Here, the table displays positive
values whenever the AVERAGE value of a particular level is subtracted from the
MAX value of one level below it.

3.3 Classification Using Groove Radar Values

While determining the difficulty ratings of a chart has many factors, it is eventually
the game designer’s decision on what a particular chart’s level is. However, the
Groove Radar Values may give an estimate on what a chart’s contents are. To check
whether these values are appropriate in determining a chart’s given difficulty value,
preliminary classification experiments were performed on the data set. Classification
models with a tenfold cross validation used were the Multilayer Perceptron (MLP),
Logistic Regression (LR), Naïve Bayes (NB), and the K Nearest Neighbor (Knn)
usingWEKA[10]. The differentmodels and their performances are indicated inTable
3, describing the accuracy (ACC), Cohen’s Kappa statistic (KP), Mean Absolute
Error (MAE), and Root Mean Squared Error (RMSE). Since the dataset might be a
bit too unbalanced to rely on accuracy alone, Table 4 provides an in depth preview of
the corresponding True-Positive, False-Positive, Precision, Recall, and F-Measure
of each level by the best performing model (MLP). Likewise, an obtained average
TP Rate of 0.534 is obtained.

Table 3 Results of classifiers using Groove Radar Values

Model ACC (%) KP MAE RMSE

MLP 66.13 0.5643 0.1224 0.2723

LR 65.96 0.5631 0.1236 0.2544

NB 64.89 0.5482 0.1285 0.2622

Knn (K = 10) 60.28 0.4823 0.1406 0.2723
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Table 4 Results of the MLP per class. The TP Rate of detecting Level 17 and 19s is poor

Class TP Rate FP Rate Precision Recall F-Measure

Lvl 13 0.903 0.095 0.835 0.903 0.868

Lvl 14 0.537 0.101 0.558 0.537 0.547

Lvl 15 0.560 0.080 0.602 0.56 0.580

Lvl 16 0.541 0.078 0.513 0.541 0.526

Lvl 17 0.439 0.042 0.450 0.439 0.444

Lvl 18 0.590 0.021 0.676 0.590 0.630

Lvl 19 0.167 0.004 0.333 0.167 0.222

Average TP Rate = 0.534

It can be clearly observed that classifiers have a hard time correctly identifying a
difficulty level (treated as a category in DDR) using just the Groove Radar Values
alone. The difficulty may be due to the dataset being unbalanced, but further analysis
of the generated confusion matrix revealed that most of the errors occur due to a
difficulty in distinguishing difficulties that are just one level away from an entry’s
correct level.

As observed in Table 4 and Fig. 6, the accuracy and the performance of the
classifications using a tenfold cross validation with the MLP, LR, NB, and Knn
models, majority of them managed to classify most of the dataset in the correct
category (TP Rate being the actual percentage of the chart being classified as it’s
correct difficulty level). There were, however, some difficulties encountered in truly
separating eachdifficulty level. Likewise, all classificationmodels,with the exception
of the Logistic Regression, were unable to classify Level 19s properly. This can be
due to very small instances of what Level 19s are, and therefore a general consensus
onwhat they are has not yet been reached.However, theLogisticRegressionmanaged

Fig. 6 Confusion matrices generated by MLP (1), LR (2), NB (3), and Knn (4)
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to catch the very high difference that separated Level 19s from the rest. Still, it was
evident that there was some difficulty in differentiating between 18 and 19s.

4 Pattern Derived Attributes

It can clearly be observed from Sect. 3 that despite the Groove Radar Values’ pres-
ence, while giving a clear estimate of a chart’s contents and possibly difficulty setting,
is still insufficient as there may be unmeasured qualities within each chart that differ-
entiates between difficulty levels more explicitly. As a result, each chart will be
analyzed further and additional attributeswill be added for each chart that is a result of
the patterns existing within the aforementioned chart. The pattern derived attributes
mainly focus on the patterns that are extracted from parsing the step charts using
string sequencing [11]. The attributes are as follows:

1. Pattern Frequency Count (PFC) = This indicates the frequency of that partic-
ular pattern existing within that chart. Sometimes, a pattern’s prevalence in the
stepchart (particularly crossovers) may affect the difficulty level of the chart.
This is merely calculated as the number of times the pattern was encountered.

2. Pattern Power Speed (PPS)= This attribute indicates the fastest BPM (Beats Per
Minute) required to execute that particular pattern. Sometimes, patterns become
difficult and physically draining to execute at fast speeds and may impact the
difficulty of a chart.

The patterns being referred to is indicated in Sect. 2. The patterns considered
are the following patterns: Jumps (Consecutive), Staircase, Candlelight, Crossovers,
Drills, Jacks, and Step Jumps. Other patterns (Steps, Freeze, Shocks, and Gallops)
are no longer considered as Shocks are not very prevalent in step charts and Steps,
Freeze, and Gallops are obtained through the Groove Radar Value. Shocks, due to
the nature of having to jump in the middle of the pad or jump high to avoid stepping
on any arrow will be counted as a Step Jump or Consecutive Jump instead. The
aforementioned attributes will be generated through string sequencing as a result of
translating. SM files as mentioned in Sect. 2.1. The procedure is further illustrated
in Fig. 7.

The resulting procedure will provide each dataset entry with an additional 14
attributes, each denoting of the 7 indicated pattern’s PFC and PPS values.

5 Results from Classifications with Pattern Derived
Attributes

After applying the Pattern Derived Attributes, a notable increase in the TP Rate for
classifying all levels was observed as indicated in Table 5 and the overall accuracy
indicated in Table 6. It is observed that the average TP rate has increased from
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Fig. 7 Process of obtaining pattern derived attributes from. SM files through string sequencing.
Each measure of the. SM file are translated into a series of characters representing the chart

Table 5 Result of adding the pattern derived attributes. TP rate for correctly classifying the levels
has increased significantly from 0.534 to 0.683

Class TP rate FP rate Precision Recall F-Measure

Lvl 13 0.913 0.011 0.978 0.913 0.945

Lvl 14 0.815 0.083 0.698 0.815 0.752

Lvl 15 0.600 0.065 0.667 0.600 0.632

Lvl 16 0.581 0.059 0.597 0.581 0.589

Lvl 17 0.561 0.048 0.479 0.561 0.517

Lvl 18 0.641 0.023 0.676 0.641 0.658

Lvl 19 0.667 0.007 0.500 0.667 0.571

Average TP Rate = 0.683

Table 6 Accuracies of the classifiers

Model ACC KP MAE RMSE

NB 74.82% 0.6807 0.0845 0.2351

MLP 74.47% 0.6727 0.0874 0.2351

LR 73.76% 0.6651 0.0915 0.2274

Knn (K = 10) 70.74% 0.6219 0.1018 0.2349

A noticeable improvement in the kappa statistic is observed

0.534 using only Groove Radar Values to 0.683 with the Pattern Derived Attributes
included.

The Naïve-Bayes along with the addition of the Pattern Derived Attributes saw
an increase in the overall accuracy and TP Rate along an increase in the Kappa
values. This means that there are indeed some factors that can be derived in the
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form of patterns sequenced as strings in determining a chart’s difficulty level given
a stepchart’s designer on what corresponding rules make up a particular level for the
game of Dance Dance Revolution.

6 Conclusion and Future Work

The study proposed a method that will be able to classify a chart’s difficulty rating
depending on attributes obtained from the patterns observed in the charts. Note that,
although there are pre-computed values attributed to a chart, it has been shown that
these valuesmaybe insufficient in properly determining the difficulty level. Likewise,
a chart’s final difficulty level upon deployment normally depends onwhat the specific
chart designer’s intuition is, and that normally has led to some chart being misrated.
The approach shows promise that, even if there are no exact rules in determining
a chart’s level, a set of patterns can be derived that could possibly match a chart
designer’s intuition in identifying what that chart’s level is. Note that this entirely
depends on previous examples that exist as a result of charts that have been developed
by the said designer.

This approach was designed with previous knowledge of existing patterns that
exist in a specific rhythm game, however future work could involve developing a
computational model that could automatically derive a common set of patterns that
exist within charts of that particular game through string sequencing approaches and
establish a set of rules in identifying what set of patterns can contribute to the chart’s
difficulty level in that particular game. Likewise, being able to derive other extrinsic
values such as the distance between certain buttons, physical stamina needed, and
mobility required to execute a given pattern taking into consideration a rhythmgame’s
mechanics can be considered in building a more comprehensive model.
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Nasheed Song Classification by Fuzzy
Soft-Set Approach

Rabiei Mamat , Ahmad Shukri Mohd Noor, and Mustafa Mat Deris

Abstract Classification of genres is among the important tasks of musical knowl-
edge discovery. It may affect the accuracy of finding results or reducing the process-
ing time when looking for a certain musical genre in an internet context. While the
genre classification scheme looks very promising for western genres, the genre of
non-western still has no space in genre retrievals, especially in identifying nasheed
song. Therefore, a research has been carried out to select the best features to describe
nasheed genre and creates a classifier using the selected features to classify nasheed.
The features selection technique and the classifier were built based on the theory of
fuzzy-soft set that have enough parameters to handle uncertainties in data. The result
show that the built classifier using the selected features accurately can identify the
nasheed genre up to 90%.

Keywords Soft-set · Fuzzy soft-set · Classification · Classifier · Nasheed Song

1 Introduction

Classification is one of the data mining operations used to assign an object to one of
a several predefined category. In music information retrieval (MIR), it can be used to
classify the song into the certain groups. Thismethod, or better known as genre classi-
fication, is a daunting task as it deals withmulti dimensional data with an overwhelm-
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ing number of features. Although the cost of storage is decrease, using the whole
set of features will effects the processing speed [1–3]. At the same time, it may be
difficult to interpret the outcome and reduced the accuracy of the classification result.

Unfortunately, the current MIR only supports the classification of genres related
to western culture. The reason for all this is that research into genres such as jazz,
classical, country and blues has grown rapidly due to the global researcher’s attention
to this type of genre. At the same time, the technical definition of the genre itself
has become increasingly clear. However, there are some studies that take local folk
songs, such as Malay traditional songs [8, 9], as well as Chinese traditional songs
[6], as their case study and consideration.

This paper discussed the approaches and techniques used to develop a nasheed
song classifier based on a fuzzy-soft set theory. The rest of the paper will be organized
as follows. Section 2 explains the related research work on the subject in discussion.
Section 3 provides an overview of the fuzzy-soft set theory. Section 4 sets out the
modeling process. Next, the result and discussion are presented in Section 5 followed
by the conclusions in Section 6.

2 Related Works

2.1 Nasheed Song

Nasheed is an Arab branch of art and culture. It’s a directing poem anda message of
thanks to the prophet. It also covers inspirational stories and a message of thanks to
Allah. Nasheed is a voice that is usually performed as a cappella. Yet often it’s also
accompanied by percussion instruments. Nasheed has become famous in the Islamic
world.

There is a major change in nasheed today. Many of the modern nasheed artists are
non-Arab and sing in different languages. Nasheed can be easily found in English,
Malay, Urdu or Turkish. The new generation of nasheed artists uses a wide range
of musical instruments in their art. They often introduce western influences, such as
rock or pop, into the nasheed music, while retaining the basic features of the nasheed
songs. This makes it difficult to identify the nasheed songs and maybe group them
into the wrong genres.

2.2 Non-western Genre Classification

According to [4], the successfulness of automatic song classification system depends
to features that representing the music surface and rhythmic structure of audio sig-
nals. Thus, the first step to identifying a genre of a song is identifying the features of
the genre itself or better known as feature selection which could differentiate them
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from others. An assortment of method and approach was developed for non-western
genre classification. For example, an experiments on the Indian music classifier have
been carried out by [5]. In the experiment, two features: spectral shape and perceptual
are evaluated using two classifiers: Gausian Mixture and k-Nearest Neighbor. They
also found that some other musical features such as mel-frequency cepstral coeffi-
cient and Spectral centroid are interesting features to characterized Indian music. Li
et al. [6] implemented the classification of Chinese folk songs by taken the temporal
characteristics features and used Gaussian Mixture Model (GMM) and Restricted
Boltzmann Machine (RBM) to calculate the label sequence. The findings of the
experiments show that the solution suggested can reach a maximum accuracy of
84.71%, which beats the other classifiers used in the studies. Lashari et al. [7] used 2
features: perception based and—frequency cepstral coefficients (MFCCs) to classify
traditional Pakistani musical instruments. For the classification task, they developed
2 classifiers that is based on the soft-set comparison table and fuzzy-soft set similarity
measurement. Results show that both classifiers can perform well on numerical data.
However, the accuracy of the soft set based classifier accuracy is higher. Senan et al.
suggested the used of Rough Set Theory for feature selection to the problem of Tra-
ditional Malay musical instruments sounds. For the purpose of the feature selection,
the introduced technique is then applied for feature ranking and attributes reduction.
The accuracy rate of the selected features is measures using Support VectorMachine,
Neural-Net andNaive-Bayeswhich implemented inWeka [8]. By the same approach,
Senan et al. [9] also suggested the used of Soft-Set theory to solve the same problem.

2.3 Uncertainties Management

Multi dimensional data with an overwhelming number of features definitely have
higher uncertainties and difficult to understand. Molodtsov has introduced a new
mathematical tool which claims to have sufficient parameterized methods to over-
come uncertainties. The tool known as the soft-set theory [10] uses parametrization
sets as its key to a problem-solving approach. It wouldmake soft-set theory very easy
and simpler to implement. However, in the theoretical and practical researches of soft
sets, the situations are usually very complex. To this, Maji et al. [11] introduced the
fuzzy-soft set principals which is influenced by the idea of fuzzy set. Majumdar and
Samanta [12, 13] presented the generalised fuzzy soft sets and similarity measure
between two fuzzy soft set. Cagman et al. [14] continue the fuzzy soft setwith the idea
of fuzzy set aggregation for decision-making problem. Fuzzy soft-set theory has been
used in [15] to solve the problemof decisionmaking by embedding rough-set approx-
imation into the theory. Kalayathankal and Singh [16] applied fuzzy-soft set as tools
for fuzzy analysis to simulate the unknown relations between a set of meteorological
and hydrological parameters. By this, they try to predict and activating the flood alarm
systemwhen required. Handaga andDeris [17] introduced amethod called fuzzy soft
set classifier that used fuzzy-soft set in a field of text categorization using the idea
of fuzzy c-means clustering. Previously, in [18], use the method from the Roy-Maji
approach [11, 15] for medical decision making using the Cleveland dataset.
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3 Overview of the Fuzzy-Soft Set Theory

As part of the soft-set theory extensions, the fundamental principle of soft-set and
fuzzy-soft set theory are re-explained in this section to illustrate their variations and
resemblance. See especially [10–12] for further details and background.

Let U be the universe set and E the set of all possible parameters under con-
sideration with respect to U . Usually, parameters are attributes, characteristics, or
properties of objects in U .

Definition 1 [10] A pair (F,A) is called a soft-set over U , where A ⊆ E and F is a
mapping given by F : E → P(U ).

Obviously, a soft set overU is refered to any subset ofU parameterized by E. For
a soft-set (F,A), A is the parameter set where A ⊆ E. For any α ∈ A, F(α) can be
regarded as a collection of approximate elements of e. Therefore, a soft-set across
the universe U can be characterized by a series of key-value pairs

(F,A) = {(
α,F(α)

) : α ∈ A,F(α) ∈ P(U )
}

(1)

Example 1 Let U = {o1, o2, o3, o4, o5, o6, o7, o8, o9} is a set of marketing officer
shortlisted described by their social media skills E = {s1, s2, s3, s4, s5, s6, s7}. Each
soft-skills si ∈ E is respectively stand for facebook, twitter, instagram, linkedin, blog,
whatsap and telegram. Suppose that each candidate has the skills as follows:
o1 = {s1},o2 = {s1, s4, s5},o3 = {s2, s4},o4 = {s1, s4},o5 = {s1, s4, s5},o6 = {s3, s5,
s6, s7}, o7 = {s5}, o8 = {s2, s4, s5} and o9 = {s2, s3, s5, s5, s7}.

Therefore, defining a soft-set (F,E) as a subset of the universe U parameterized
by si ∈ E will returned a list of the estimated description of an object which can be
viewed as follows:

(FE) =
{
F(o1),F(o2),F(o3),F(o4),F(o5),F(o6),F(o7)

}

where;
F(o1) = {

s1, s2, s4, s5},F(o2) = {
s3, s8, s9},F(o3) = {

s6, s9},
F(o4) = {

s2, s3, s4, s5, s8},F(o5 = {
s2, s5, s6, s7, s8, s9},F(o6) = {

s6, s9} and
F(o7) = {

s6, s9}.
Definition 2 [14] A fuzzy set X across the universe U is a pair (U,m) where m is
a membership function such that m : U → [0, 1]. The function m = μx is called the
membership function of the fuzzy set X = (U, μx) where μx(x) is the membership
grade for each x ∈ U .

Thus, a fuzzy set X across the universe U can be defined as follows

X = {(
μx(u)/u

) : u ∈ U, μx(x) ∈ [0, 1]} (2)

Note that the set of all the fuzzy sets over U will be denoted by F̃(U ).

Definition 3 [11, 14] Let Ai ⊆ E. A pair (F̃i,Ai) is called fuzzy-soft set over U
where F̃i is a mapping given by F̃i : Ai → F̃(U ).



Nasheed Song Classification by Fuzzy Soft-Set Approach 211

F̃(a) is called fuzzy approximation function of the fuzzy-soft set (F̃,A), and the
value F̃(a) is a set called x − element of the fuzzy-soft set for all x ∈ A.

Example 2 Let U = {o1, o2, o3, o4, o5} be a universal set and E = {p1, p2, p3, p4}
be a set of parameters. if A = {p1, p2, p3, p4} ⊆ E, F̃(p1) = {

0.9
o2

, 0.5
o4

}, F̃(p2) = U

and F̃(p4) = {
0.2
o1

, 0.4
o3

, 0.8
o5

}, then a fuzzy-soft set (F,A) can be written by (F̃,A) =
{(

x1,
{
0.9
o2

, 0.5
o4

})
,
(
x2,U

)
,
(
x4,

{
0.2
o1

, 0.4
o3

, 0.8
o5

})}
.

Definition 4 [17] Let FA be a fuzzy-soft set overU . The cardinal set of FA which is
denoted by ζFA is defined by

ζFA = {
μζ FA

(
x)/x : x ∈ E

}
(3)

is a fuzzy set over E. The membership functionμζ FA
of ζFA is defined byμζ FA

: E →
[0, 1] where

μζ FA
(x) = |γA(x)|

|U | (4)

where |U | is the absolute value of universe U, and |γA(x)| is the scalar cardinality of
fuzzy set γA(x).

Definition 5 [12, 13] Similarity between two fuzzy-soft set (F̃,E) and (G̃,E)

denoted by S(F̃, G̃) or SF̃,G̃ is defined as follows:

S(F̃, G̃) = SF̃,G̃ =
∑n

i=1{F̃(ei) · G̃(ei)}∑n
i=1{(F̃(ei))2 ∨ (G̃(ei))2}

(5)

4 Modelling Process

4.1 The Algorithm

The algorithm for classifier used in this research is taken from [17] with some adjust-
ment. The details of formula is explained in section 3. The full algorithm is as follows
(Table 1):

Based on the algorithm, the classifier has been build using the python program-
ming language.

4.2 The Data

This research used 100 contemporary nasheed songs as sample data. Each song then
separated into 3 units which representing the beginning of a song, a middle of a song
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Table 1 Fuzzy-soft set classifier for Nasheed Song

Algorithm1 : Fuzzy-Soft set Classifier

Input:trainData, testData

1: (F,E) ← fuzzification(trainData)

2: (F̃,E) ← cardinalSet((F,E))

3: (G,E)← fuzzification(testData)

4: (G̃,E) ← cardinalSet((G,E))

5: S(G̃, F̃)

6: threshold ← setThreshold()

7: If S(G̃, F̃) ≥ threshold

8: nasheed ← (G̃,E)

9: EndIf

and end of a song which produces 300 units of a sample. The size of each unit is 512
kb with 16kHz sample rate.

Two features have been recognized to be used in this research ie: Area Method
of Moments with 10 Attributes and Area Method of Moments of Mel Frequency
Cepstral Coefficient (MFCC) with 10 Attributes. Data extraction is carried-out using
jAudio-1.0.4 by the dot wav input and produced dot ARFF output. Class labelling
process is made by a java program where after labelling, dot ARFF is converted into
dot file in the form of information system S = (U,A ∪ {d}, v, f ).

4.3 Evaluation and Validation

Evaluation process is carried out using cross-validation approach. Fifty units of
sample data are taken randomly as a nasheed training dataset while another random
50 units is used as a testing data. The accuracy of the classification is measure using
the following formula:

Accuracy = Number of Correct Prediction

Total Number of Prediction
(6)

As a comparison to the other genre, the world genre data is taken from http://
marsyas.info is used as the testing data. The dataset used is the same as applied
in [4].

http://marsyas.info
http://marsyas.info
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Fig. 1 Classification Result Using Nasheed Song Classifier

5 Result and Discussion

The result of classification using Nasheed song classifier is shows in Fig. 1. In
summary, it can be seen in the graph that 40% of blues genre test data, 60% of
classical genre test data, 80% of classical genre test data, 30% of disco genre test
data, 50% of hip-hop genre test data, 50% of jazz genre test data, 30% of metal genre
test data, 50% of pop genre test data, 30% of reggae genre test data, 50% of rock and
90% nasheed genre test data are classified as nasheed songs correspondingly.

The accuracy of the classifier for nasheed genre which is up to 90% clearly shows
that the selected features can be used by the fuzzy-soft set to differentiate the nasheed
genre. This is also supported by other genre classification results that are below or
equals to 50% accuracy such as blues, disco, hip-hop, jazz, metal, pop, reggae, and
rock.

Unfortunately, the accuracy of two genres ie classic and country are still ques-
tionable. The accuracy of the classic and country which is 80% and 60% respectively
may be due to the selected features used. However, this issue requires further inves-
tigation.

6 Conclusion

In this paper, the applicability of fuzzy-soft set theory for nasheed song classification
is investigated. A classifier that is based on the fuzzy-soft set has been developed. A
collection of 100 nasheed songs that already going thru the data cleaning process is
used as the training data as well as the testing data. The extracted data only contains
two features ie Area Method of Moments and Area Method of Moments of Mel
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Frequency Cepstral Coefficient (MFCC) that have been recognized earlier. Beside
that, a world genre collections is used as a comparison data.

The result show that the built classifier using the selected features accurately can
identify the nasheed genre up to 90%. Thus, it explains the applicability of fuzzy-soft
set in musical information retrieval (MIR).
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Hybrid SDN Deployment Using Machine
Learning

H. W. Siew, S. C. Tan, and C. K. Lee

Abstract Software-Defined Networking (SDN) has attracted tremendous attention
in recent years as the future communication network architecture. However, SDN
deployment in legacy network will be progressively phased over a period, especially
for larger network which consists of hundred or more nodes. Every migration (i.e.
replacing or upgrading) of SDN-enabled nodes requires considerable optimization
efforts in terms of cost of investment, network stability and performance gains. Hith-
erto literatures have proposed variety of static heuristic algorithms to compute the
migration sequence of SDN-enabled nodes for multi-periods SDN deployment in
legacy network. The aim of each computed migration sequence is aims to improve
networkperformance gainswith respect to address different constraints.However, the
dynamicity of an unique network, such as traffic growth or topology change, cannot
be comprehensively addressed using a static heuristic algorithm over the deployment
duration. Machine learning (ML), on the other hand, has been proven successfully
applied for various dynamic and non-linear problems in diverse domains. In this
article, we summarize the generic workflow for ML in networking domain at first.
Subsequently, we investigated the problem of SDN deployment in legacy network
from the perspective of ML. We proposed a SDN deployment problem that formu-
lated as Markov Decision Process and reinforcement learning techniques, such as
Qlearning and SARSA, can be used to model for the problem.
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1 Introduction

Machine learning (ML) applies widely in diverse domains, such as speech recog-
nition, computer vision, and autonomous vehicle. The unprecedented power of ML
enables a system to extract knowledge from quality data [1]. Unlike the traditional
programming approach of tackling a problem, ML uncover hidden rules or patterns
via the discovery process with data (a.k.a. the learning process). The learned pattern,
i.e. model, is then used to answer unknown data of the particular problem. In general,
there are four classes of problems can leverage on the techniques ofML, namely, clas-
sification, clustering, regression, and rule extraction [2]. In classification and regres-
sion problems, new input data ismapped respectively to discrete or continuous output
value. Whereas, the goal of clustering problem is to divide data points into groups
alike. On the contrary, rule extraction problems are inherently different from others
which the objective is to establish statistical relationships in data. A different learning
paradigm of ML is employed for each class of problems. Supervised learning uses
labelled data to identify hidden behaviours within datasets. Commonly, supervised
learning is used to createmodel of classification and regression problems, inwhich, to
classify discrete or to predict continuous output value. However, labelled data are not
always available for all problems. Unsupervised learning, on the other hand, utilizes
unlabelled data to train and learn knowledge from datasets. Ultimately, unsupervised
learning targets to discriminate groups in the data, and this approach best suits clus-
tering problems. In contrast, reinforcement learning is a machine learning paradigm
which constantly learns through interactions (a series of actions) with the environ-
ment and observe the result to adjust its strategy automatically [3]. Consequently,
the agent aims to extract optimal rules or policy for the problem.

Recently, ML has regained attraction in communications and networking domain
to improve how networking problems are addressing today [4]. Communication
networks are growing shockingly complex with wide spectrum of applications.
Network operation and management remains tedious and error prone with human
factor involved [5]. The diversity and complexity of communication networks has
made designing scalable network solutions difficult. Often, solutions are built for
network scenarios specific to its particular, such as type of applications, user demand
and topology. Nonetheless, it is challenging to model an accurate representation
of a complex network behaviours, for instance, loads pattern in Content Distribu-
tion Network (CDN) [6]. Furthermore, the dynamics of network inhibits developing
efficient algorithms to cater different scenarios across networks. Therefore, there
is a raising demand for cognitive management and operation in today networks [7].
Network operators are growing interest to build a highly resilient autonomic network
as proposed in [8]. In which, an autonomic network comprises of self-configuration,
self-healing, self-optimization and self-protection characteristics. Future networks
is likely to operate autonomously by monitoring its own state and the environment
together with their complex configuration. And, techniques of ML serve as a tool to
facilitate decision making and network automation [4].
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The idea of incorporating intelligence into network management and operation
has been discussed for years in research community. However, such system has not
been deployed or developed yet in existing networks [9]. One of the biggest chal-
lenges is that exiting network architecture is inherently distributed in nature [10].
Switches and router have only limited view and control over the whole network. For
instance, legacy network devices are still restricted by vendor specific commands and
functionalities, and It is extremely difficult to orchestrate such devices in heteroge-
neous network environment.Data availability andprocessing poses another challenge
regards the deployment of autonomic system in existing networks [11]. Questions
often arise where and what data can be collected from existing network. In addition,
the training process of ML techniques with data requires tremendous computing and
storage resources. Nevertheless, the advancement of recent technology has lowered
the barrier for ML adoption in networking. Software-Defined Networking (SDN)
[12], for example, decouples network controls (control plane) from its forwarding
(data plane). The separation of control and data planes offers programmability
through centralized controller. The programmability enables external software (e.g.
ML applications) to define network behaviours with global network view. The preva-
lent of cloud computing nowadays alleviates the obstacle of demanding computing
resources forML techniques [13]. Evenmore, the availability of Graphics Processing
Units (GPUs) and Tensor Processing Units (TPUs) in cloud accelerates the model
training process of ML.

SDN promotes the applicability of ML for networking in which centralized
controller offers global network view on top of programmability. However, the adop-
tion of SDN in legacy network encountering several challenges [14], such as financial
and technological constraints. To illustrate, budget consideration prohibits larger
network operator to migrate hundreds of nodes to SDN-capable devices at once.
Hence, SDN deployment in legacy network is likely to migrate nodes spanning
over a period. The coexistence and interoperability of both legacy and SDN-capable
devices in a network forms a hybrid SDN (hSDN) [15]. The deployment of hSDN
involves legacy nodes selection for SDN-capable device migration in each period.
Network operators are eager to understand with limited resources which legacy node
and when it should be migrated. Ultimately, the deployment of hSDN can reap most
benefits in term of network performance gain. Many studies [16–20] have been
contributed to propose algorithms in seeking optimal migration sequence (order of
nodes to migrate) of hybrid SDN deployment. In essence, an algorithm captures a
snapshot of network traffic condition and compute the maximized performance gain
with respect to different constrains, such as budget and link capacity. However, this
approach underestimates the volatile of a network where traffic demand fluctuates,
and network topology is subject to change over time. Hence, these algorithms fail
to adapt the dynamicity of a network in the course of hybrid SDN deployment over
months or years.

Literature of hybrid SDNdeployment in legacy network exposes a research gap, in
which, the dynamicity of a network has not been properly addressed in the previously
studies. On the contrary, ML offers inherent adaptability with data learning process
which caters dynamicity. Therefore, we are interested to investigate the applicability
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of ML in the aspect of SDN node deployment. In this article, we aim to provide our
insights and a new perspective to apply ML technique with hSDN deployment in
legacy network. The following summarizes the contributions of this.

Generic workflow of ML in networking is summarized here to provide a basic
practical guideline for applying ML in networking.

We expand the generic workflow of ML and illustrate the feasibility to apply ML
technique for hSDN deployment problem in legacy network.

The following of this articles, related work is discussed in Sect. 2. In Sect. 3,
we summarize the generic workflow of ML in networking. We expand the generic
workflow in Sect. 4 with respect to SDN node migration in legacy network. Lastly,
we conclude the article in Sect. 5.

2 Related Works

Large body of literature [16, 17, 19, 21–23] have been proposed to offer static
heuristic algorithms computing the node migration sequence for hSDN deployment
in legacy network. On one hand, these works consider the network topology remains
unchanged throughout the deployment of hSDN. On the other, these proposed algo-
rithms do not capture the possible growth of traffic in a network. Generally, the
assumptions of both, unchanged topology and stagnant traffic, are unrealistic for a
deployment timeframe possibly in years. Although [24] take into account of multiple
traffic matrices in its computation of migration sequence, it considers only the past
traffic fluctuations which does not sufficiently represent the dynamic (i.e. network
topology change) a network may have after the deployment started. ML has been
proven applicable to solve various problems in vast domains including networking. In
networking,MLhas play an significant role in traffic prediction [25] to forecast future
traffic, traffic classification [26] to facilitate network operations and planning, traffic
routing [27] and congestion control [28] to optimize resource utilization. Moreover,
ML can also work in network management activities such as QoS management [29],
fault management [30] and network security [31]. Nonetheless, SDN deployment
planning has not been extensively discussed in the perspective of ML techniques
[32]. Hence, instead of the static heuristic approach, we examine the feasibility of
applyingML techniques in the problem of hSDNdeployment in legacy network here.

3 Generic Workflow for Machine Learning in Networking

Figure 1 illustrates a generic workflow to apply machine learning in various domains
including fields of networking [13]. In summary, the workflow consists of multiple
steps, namely problem formulation, data collection, feature engineering, model
construction and evaluation. Each step in theworkflow is not independent but strongly
interrelated between problem, training data and learning paradigm [11]. For instance,
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Fig. 1 The generic workflow of machine learning in networking

the result of aMLmodel depends largely on the collection and preprocessing of avail-
able data. In this section, we review each step in details in order to properly develop
machine learning applications for networking related problems.

ProblemFormulation: There aremanydifferent possible approaches to leverageML
for a networkingproblem.However, the process of training aMLmodel often requires
huge amount of resources (e.g. time and investment). Therefore, it is utmost important
to formulate correctly a networking problem at hand in the first step. Otherwise, an
ill-formed problem will end at unsatisfactory performance as a result. In this step, a
well formulated problem can be categorized into one of the ML paradigms, such as
supervised, unsupervised or reinforcement learning. This helps to determine what
kind of data are required for collection, and what learning algorithms to choose from
for model construction. For example, a problem cannot be formulated as supervised
learning if there is lacking label data for model training.

Data Collection: Various ML techniques share one common requirement which
large amount of unbiased representative data is necessary to build an effective model
for a designated problem in networking. According to the needs, network data can be
monitored and recorded from different network layers, for instance Simple Network
Management Protocol (SNMP) [11]. It is important to note that representative data
vary from one problem to another even in the same domain. For instance, traffic
prediction and traffic classification require different details of network data. Typi-
cally, data collection in the context of ML for networking is accomplished in two
phases, offline and online.A sizable amount of historical data is gathered in the offline
phase for model training and testing purpose. In online phase, real-time network data
(e.g. performance information and network state) are collected and feed as input for
the model retraining or used as a feedback to the model.

Feature Engineering: Every problem in networking is characterized by a number
of factors. However, only few of defining factors (i.e. features) has the significant
impact on the targeted network problem.Broadly, these features are categorized by its
granularity level, for instance, connection-level, flow-level, and packet-level features
[11]. The extraction of defining features in this step is crucial to unleash the pattern in
data via different ML paradigms. The goal of this step attempts to analyze historical
data and extract the effective features for model construction in next. Nonetheless,
network data collected are often noisy or incomplete. Therefore, it is necessary to
clean up data by going through a preprocessing phase prior to feature extraction.
Feature extraction can be difficult which requires to have a thorough understanding
regards the target problem with domain-specific knowledge [6]. Deep learning, on
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the other hand, can ease to automate feature extraction in some of the problems in
networking.

Model Construction: In model construction step, a suitable learning algorithm is
chosen in accordance to the characteristics (e.g. problem category, size of dataset and
etc.) of the target network problem defined. Prior to start training the selected model,
the collected historical dataset is divided into training, validation and test datasets. It
is important that all training, validation and test datasets are independent but follow
the same probability distribution [11]. This prevents the generalization of training
outcome which leads to model overfitting or under-fitting. Along the way of training
selected model, training dataset also helps for hyper-parameter tuning in the offline
phase. The process of parameters tuning involves finding acceptable parameters for
building the selected model. While training dataset used for training, test dataset is
used to evaluate the accuracy of the trained model. It is possible that this step is
repeated until satisfied result is obtained.

Model Validation: Validation is an essential step for MLworkflow in order to assess
the performance of the trained model and how well it would generalize to new data.
K-fold cross validation is often used to validate the accuracy of a model in overall.
The result of validation offers insights on how to further optimize the model.

Furthermore, sources of error can be identified through model validation to deter-
mine if the model or feature are appropriate or data are representative enough for the
target problem. If necessary previous steps can be re-visited according to the error
sources discovered in the validation step.

4 Machine Learning for hSDN Deployment

The usages of the Internet have evolved over the past decades which increasingly
demandnetwork infrastructure to handle dynamic nature of future networkoperations
and applications. For this reason, SDN has gained tremendous attention for the past
few years as a next generation architecture of communication network. Among all,
the most distinctive features of SDN are listed as follow,

1. Separation of network control (control plane) from forwarding (data plane)
2. A centralized controller with global network view
3. Network programmability by the external applications.

In short, SDN offers flexible configurability by external software, and allows
network to be dynamically optimized in conjunction with the global network status.
The benefit of SDN over its advantage of network controllability is tempting to
network operators. However, full SDN deployment in an existing legacy network
encounters challenges in organizational, economical, and technical aspects [14].
Nonetheless, literature has suggested that the benefit of SDN can be realized without
the need to fully deploy SDN nodes in a legacy network [16, 20]. In most cases,
network operators tend to gradually deploy hSDN in legacy networks which span
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Fig. 2 ML framework for hSDN deployment in legacy network

across multiple periods over months or years. The gradual deployment of hSDN in
legacy network mainly results from the budget and technical considerations, espe-
cially for large networkwhich consists of hundred ormore nodes. In each deployment
period, a number of nodes are selected to be migrated (e.g. replace or upgrade) to
SDN enable devices in line with the budget available and other constraints (e.g. link
capacity). Unlike the deployment of full SDN, hSDN deployment requires detail
planning in selection of nodes to be migrated. Network operators are keen to under-
stand which node at when should be migrated to maximize the return of investment.
In this section, we apply the previously discussed workflow of ML for the problem
of SDN deployment in legacy network as summarized in Fig. 2.

ProblemFormulation: The deployment of hSDN in legacy network has been formu-
lated as an optimization problem in literature. In which, hSDN deployment aims
to optimize particular network performance matrix, e.g. maximum link utilization
(MLU) or alternative paths, with respect to a number of constraints such as link
capacity, budget and etc. Moreover, the hSDN deployment problem is an offline
migration operation during network planning phase. During the planning process,
decisions have to be made which legacy node at when should be migrated for
hSDN deployment. Consequently, the decision making nature of hSDN deployment
problem can be cast as Markov Decision Process (MDP) as illustrated in Fig. 3. In
general, a tuple (S, A, p, R, γ) is used to represent a MDP where S denotes a finite set
of states, A denotes a finite set of actions, p denotes the probability of state transition
from s with action a to s′, R is the reward obtained after execution of action a, and
discount factor γ ε [0,1] represents the importance of future reward as compared to
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Fig. 3 Markov decision
process

the immediate reward. Simply put, the goal of aMDP is to maximize the total reward
by finding an optimal policy π ∗, and policy π is a function mapping from a state to
an action.

Data Collection: Representative network data, for instance traffic matrix (TM), is
necessary to properly train a ML model for hSDN deployment problem. Before
hSDN deployment in legacy network, historical TMs can be acquired from network
monitoring tools such as Cisco Net-Flow and IP Flow Information Export [11]. Once
the deployment of hSDN started, network data can be aggregated from both legacy
network monitoring tools and the centralized SDN controller. Among all, dynamic
network data like TMs helps to understand the fluctuation of traffic demand in a
network, and other data such network topology, links capacity and links weight
settings are required to understand the configuration of a network.

Feature Engineering: MDP requires states to be defined for an environment. In the
context of hSDN deployment, the environment consists of both legacy and SDN-
enable nodes in a network. With every action of deploying a SDN node, the envi-
ronment changes (i.e. states) in return for network performance gain. Eventually, a
series of SDN node placement needs to be determined in order to achieve the optimal
performance improvement. A state, in that sense, should be efficiently represented
by distinctive features that reflects the performance gain acquired through the place-
ment of SDN node. Specifically, features for hSDN deployment problem include link
utilization, MLU, number alternative paths and etc. These features can be extracted
from collected data such as TM and network topology configuration.

Model Construction: Commonly, reinforcement learning (RL) is used to address
problem formulated as an MDP. Reinforcement learning algorithms learn through
trial and error by interactingwith the environment. An agent sequentiallymakes deci-
sions (actions) and observes the outcomes (rewards) in environment (states). Ulti-
mately, an agent targets to achieve the optimal policy through adjusting its strategy
in making decisions [3]. For a problem which transition probability and reward
models are known, model-based reinforcement learning such as value-iteration or
policy-iteration algorithm can be used to solve the problem. In most cases, however,
transition probability and reward models are difficult to define in a dynamic environ-
ment like the hSDNdeployment in legacy network. Thus, amodel-free reinforcement
learning such as Q learning or SARSA can be used for ML model construction.
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Model Validation: Typically, hSDN deployment is formulated as integer linear
programming (ILP) problem in literature. In which, the ILP of hSDN deployment
maximizes the network performance gain with respect to constraints, such as budget
and link capacity. Optimal solution of such ILP problem can be computed using an
ILP solver. Therefore, an optimal solution serves as a good candidate for bench-
marking the RL model developed for hSDN deployment. However, ILP solver can
take significant amount of time to compute an optimal solution for a large network.
Heuristic algorithms developed in literature can then be used to approximate a
sub-optimal solution for validating the RL model.

5 Conclusion

In summary, the dynamic nature of future communication network demands flex-
ible network controllability. SDN has attracted tremendous attention recent years to
provide such controllability via standardization and centralized controllers. However,
full SDN deployment in legacy network is not always possible especially for large
network due to various considerations. Large body of literature had proposed static
approaches to offer gradual deployment of SDN in legacy network. However,
networks’ dynamicity, such as growth of traffic or change in topology, has not been
properly addressed in the past. Machine learning, on the other hand, has been applied
in various aspects of networking other than SDN deployment in legacy network.
Techniques of machine learning have shown great success in revealing pattern with
dynamic data. Thereby, we summarized the generic workflow of ML in networking,
and we proposed to formulate hSDN deployment in legacy network using Markov
Decision Process. In additional, technique of reinforcement learning, such as Q-
learning or SARSA, can be used for model construction and validation. Moreover,
further work is necessary to develop and evaluate the proposed approach here for
hSDN deployment in legacy network.

References

1. Brill E, Lin J, Banko M, Dumais S, Ng A (2002) Data-intensive question answering. In:
Proceedings of the TREC-10 conference, pp 183–189

2. Practical machine learning problems. https://machinelearningmastery.com/practical-machine-
learning-problems/. Accessed 11 Nov 2019

3. Luong NC et al (2019) Applications of deep reinforcement learning in communications and
networking: a survey. IEEE Commun Surv Tutor 21(4):3133–3174

4. Chemouil P et al (2019) Artificial intelligence and machine learning for networking and
communications. IEEE J Sel Areas Commun 37(6):1185–1191

5. Mahmoud QH (2007) Cognitive networks: towards self-aware networks. Wiley, Hoboken
6. JiangJ, Sekar V, Zhang H, Milner H, Shepherd D, Stoica I (2016) CFA: a practical prediction

system for video QoE optimization

https://machinelearningmastery.com/practical-machine-learning-problems/


224 H. W. Siew et al.

7. Ramming JC, Wroclawski JT, Clark DD, Partridge C (2015) A knowledge plane for the
internet. In: Proceedings of the 2007 conference on applications, technologies, architectures,
and protocols for computer communication, pp 3–10

8. White RS, Hanson EJ, Whalley I, Chess MD, Kephart JO (2004, October) An architectural
approach to autonomic computing (‘An architectural blueprint for autonomic computing’). In:
International conference on autonomic computing, pp 2–9

9. Mestres A et al (2017) Knowledge-defined networking. Comput Commun Rev 47(3):1–10
10. Ayoubi S et al (2018) Machine learning for cognitive network management. IEEE Commun

Mag 56(January):158–165
11. Boutaba R et al (2018) A comprehensive survey onmachine learning for networking: evolution,

applications and research opportunities. J Internet Serv Appl 9(1)
12. Chen J, Zheng X, Rong C (2015) Survey on software-defined networking. In: Lecture notes in

computer science (including subseries lecture notes in artificial intelligence and lecture notes
in bioinformatics), vol 9106, no 1, pp 115–124

13. Wang M, Cui Y, Wang X, Xiao S, Jiang J (2018) Machine learning for networking: workflow,
advances and opportunities. IEEE Netw 32(2):92–99

14. Vissicchio S, Vanbever L, Bonaventure O (2014) Opportunities and research challenges of
hybrid software defined networks. ACM SIGCOMM Comput Commun Rev 44(2):70–75

15. Amin R, Reisslein M, Shah N (2018) Hybrid SDN networks: a survey of existing approaches.
IEEE Commun Surv Tutorials 20(4):3259–3306

16. PoularakisK, IosifidisG,SmaragdakisG,TassiulasL (2019)Optimizinggradual SDNupgrades
in ISP networks. IEEE/ACM Trans Netw 27(1):288–301

17. Poularakis K, Iosifidis G, Smaragdakis G, Tassiulas L (2017) One step at a time: optimizing
SDN upgrades in ISP networks. In: Proceedings—IEEE INFOCOM, pp 1–9

18. Guo Y, Wang Z, Yin X, Shi X, Wu J, Zhang H (2016) Incremental deployment for traffic
engineering in hybrid SDN network. In: 2015 IEEE 34th International Performance Computing
and Communications Conference (IPCCC 2015)

19. Xu H, Li XY, Huang L, Deng H, Huang H, Wang H (2017) Incremental deployment and
throughput maximization routing for a hybrid SDN. IEEE/ACMTrans Netw 25(3):1861–1875

20. Levin D, Canini M, Schmid S, Feldmann A (2013) Incremental SDN deployment in enter-
prise networks. In: Proceedings of the ACM SIGCOMM 2013 conference SIGCOMM—
SIGCOMM’13, p 473

21. Tanha M, Sajjadi D, Ruby R, Pan J (2018) Traffic engineering enhancement by progressive
migration to SDN. IEEE Commun Lett 22(3):438–441

22. Yuan T, Huang X, Ma M, Zhang P (2017) Migration to software-defined networks: the
customers view. China Commun 14(10):1–11

23. Wang W, He W, Su J (2017) Boosting the Benefits of Hybrid SDN. In: Proceedings of the
international conference on distributed computing systems, pp 2165–2170

24. Guo Y, Wang Z, Yin X, Shi X, Wu J (2017) Traffic engineering in hybrid SDN networks with
multiple traffic matrices. Comput Netw 126:187–199

25. Poupart P et al (2016)Online flow size prediction for improved network routing In: Proceedings
of the International Conference on Network Protocols ICNP, December 2016, pp 1–6

26. Wang R, Liu Y, Yang Y, Zhou X (2006) Solving the app-level classification problem of
P2P traffic Via optimized support vector machines. In: Proceedings of the ISDA 2006 sixth
international conference on intelligent systems design and applications, vol 2, pp 534–539

27. Hu T, Member S, Fei Y (2010) QELAR: a Machine-learning-based adaptive routing protocol
for. IEEE Trans Mob Comput 9(6):796–809

28. Jayaraj A, Venkatesh T, Murthy CSR (2008) Loss classification in optical burst switching
networks using machine learning techniques: improving the performance of TCP. IEEE J Sel
Areas Commun 26(6):45–54

29. Demirbilek E, Gregoire JC (2017) Machine learning based reduced reference bitstream audio-
visual quality prediction models for realtime communications. In: Proceedings of the IEEE
international conference on multimedia and expo, vol 13, no 2, pp 571–576



Hybrid SDN Deployment Using Machine Learning 225

30. Kumar Y, Farooq H, Imran A (2017) Fault prediction and reliability analysis in a real cellular
network. In: 2017 13th International Conference on Wireless and Mobile Communications
IWCMC 2017, pp 1090–1095

31. Cannady JD (1998) Artificial neural networks for misuse detection. In: Proceedings of the 21st
national information systems security conference, pp 368–381

32. Wei SH, Chin TS, Binlun JN, Kwang LC, Kapsin R, Yusoff Z Machine learning as a means to
adapt requirement changes for SDN deployment process in SDN migration. In: Advances in
computational intelligence, pp 629–639.



LED Lighting Assessment
for High-Performance Stadium
Illuminance

Najmuddin Salmi bin Mat Nanyan, It Ee Lee, Gwo Chin Chung,
and Duu Sheng Ong

Abstract The usage of LED lighting has been commonly used in indoor and outdoor
to facilitate energy-efficient. Because of its characteristics that relatively consume
less energy compared to other traditional forms of lighting, it is considered the best
alternative to be used as a lighting source. LED lighting also can be applied in stadium
lighting applications. The lighting requirement for a stadium is exceptionally high. It
requires many luminaires to be used to meet these specifications. The specifications
consist of several parameters that inter-related that will affect the performance of
lighting. Besides, a different type of view angle of a luminaire will give a different
visual performance. Due to this challenge, it requires thorough work being done
during the design process as well as during the installation process. The luminaires
need to be aimed at proper aiming point coordinates tomeet the specifications.Hence,
a study on the characteristics of LED lighting needs to be done. In this paper, the
objective is to model the output from LED lighting and study the effect of tilt angle
and view angle of the luminaire on the visual performance of stadium lighting. A
computational model of LED luminaire was developed using MATLAB. With the
developed model, the effects of different tilt angles and a different beam angle of
luminaire were investigated.
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1 Introduction

Previously, various types of light sources have been used for a stadium floodlighting.
However, the performance of lighting to stadium application was seldomly reported.
At the early stage in the modern years, a gas discharge lamp has been widely used
because of its ability to produce higher light intensity required for a stadium. Refer-
ence [1] usedHQL typemercury vapor lamp to design a lighting system for a stadium.
However, the illumination requirement was based on 250 lx only and is no more
practical and far below today’s requirements.

As technology changes and improves, metal halide has been widely used as a
lighting source for a stadium. The metal halide type is a discharge lamp that uses
mercury vapor and metal halide additives at high pressure in quartz or ceramic arc
tube contained within a glass or quartz glass outer envelope [2]. It is similar to a
mercury vapor lamp but contains additional metal halide compounds in the quartz
arc tube, which improve the efficiency and color rendition of the light.

With the inventionofLED lighting, the industry has anoption to beused as a source
of light due to the characteristic of LED lighting that consumes less energy. Reference
[3] has reported that LED lighting has smaller energy consumption thanmetal halide,
which proves that LED can be used to save energy usage in stadium applications.
However, the methodology is based on comparing the energy consumption between
metal halide and LED system only. The author found that uniformity performance
is slightly lower. Hence, an approach to improving the uniformity of LED lighting
is becoming the most critical challenge in LED applications. The behavior of LED
lighting needs to be understood to improve their visual performance.

Assessment of the performance of LED lighting to improve stadium illuminance
was done by [4]. The author proposed introducing LED lighting on the existing
stadium as a secondary source of light, which already uses metal halide as a stadium
pitch floodlighting. The simulation result found that illuminance can be improved
with the introduction of LED lighting. However, this is a hybrid system containing
two types of lighting, which have slight effects on energy consumption.

The approach to finding appropriate aiming schemes of luminaires using genetic
algorithm and mathematical method has been discussed in [5–7]. However, the
finding was based on metal halide lamp and not on LED luminaires.

In this study, a computational model of LED luminaire was developed using
MATLAB. The effects of different tilt angles and different view angles of lumi-
naire were investigated with the developed model. The model was developed using
single LED chip data from the datasheet, which then was assembled as a single lumi-
naire. The evaluation was using from one luminaire and increased gradually until 28
numbers of luminaires.

Stadium lighting specifications have to adapt to the change of broadcast tech-
nology. Due to this requirement, the specifications set by the International Federa-
tion of Association Football (FIFA) are high. Hence, this research study uses FIFA
specification as a guideline to measure the visual performance of LED lighting as in
[8].
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2 Methodology

2.1 Modeling LED

Light is electromagnetic waves that their wavelength is in the visible spectrum. For
lighting designers, irradiance is essential. Before irradiance of a light source can
be modeled, the light source’s basic properties need to be determined. Luminous
intensity is one of the fundamental properties of the LED light. It is vital to model
the irradiance of light. Luminous intensity is depending on luminous flux produce by
a light source. Luminous flux is how much light is perceived by humans that come
from a source into a given solid angle. The equation to quantify luminous intensity
is given as

I (O) = �/� (1)

� is luminous flux from a source measured in lumen (lm) and � is a dimensional
angle called solid angle measured in steradian (sr). For an LED, it is in hemisphere
shape so the solid angle can be calculated using

� = 2π(1 − cos θ) (2)

View angle (will be referred to as VA) or also known as beam angle from an LED
light source, is described as in Fig. 1 below. Hence, please note that θ is half of the
VA for that particular LED.

The equation to simulate the radiation pattern of LED light is given by

I (φ) = I (O) cosm(φ) (3)

where I (0) is the center luminous intensity of an LED that can be calculated using
Eq. (1) and m is the order of Lambertian radiation emission. m can be calculated by
the semi-angle (view angle) at half illuminance of LED ∅1/2 and is given by

Fig. 1 Description of VA
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Fig. 2 Illustration of a
complete set of a luminaire

m = − ln 2/ ln cos(V A/2) (4)

2.2 Luminaire

LED chips were then arranged as an array of 32 × 22 LED chips with gap 2 cm in
between chips to form a complete set of a luminaire, as illustrated in Fig. 2. The total
quantity of LED chips that were used to form a luminaire were 704 pieces.

Three types of luminaire’s VA configurations being used were 30°, 60°, and 120°.
These types of luminaires were chosen based on the availability in the currentmarket.
For the initial evaluation, a luminaire with a single type of VA been used to evaluate
its light output. The luminaires were mounted on a high mast located at the center
of each quadrant (total four high masts) of a football field. In this paper, three sets
of luminaires setup been studied. The three setups were:

• All 28 luminaires (on each quadrant) with VA 30°.
• All 28 luminaires (on each quadrant) with VA 60°.
• All 28 luminaires (on each quadrant) with VA 120°.

All of the luminaires being tilted uniformly for each setup. The tilt angle has been
used were 30°, 40°, and 50°. Each of the luminaire types will have a different effect
on the light intensity and also light distribution, as simulated in Fig. 3. The simulated
pattern compared to the radiation pattern characteristics in the LED chip datasheet
as in [9].

2.3 Evaluation Area

The layout of the evaluation area is shown in Fig. 4, a standard from FIFA guidelines.
The width of the field been used in the simulation is 100 m, and breadth is 64 m.
The field was segregated into four quadrants named as ‘Quadrant I’, Quadrant II’,
‘Quadrant III’ and ‘Quadrant IV’. The simulation will be based on a quadrant as the
rest of the quadrants were mirrored vertically and horizontally.
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Fig. 3 Illustration luminaire’s intensity with different VA

Fig. 4 The layout of a football field and the position of four high masts
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Fig. 5 Luminaires
arrangement on a high mast

There were four high masts positioned at the center at each quarter of the field.
They were 20 m apart from the touchline and 45 m height. For the initial evaluation,
a total of 28 luminaires were arranged, as in Fig. 5 arrangement. Four luminaires
installed in typical arrays on seven horizontal rows. They were increased one by one
to simulate their output.

2.4 Horizontal Illuminance

A horizontal illuminance Eh at a point (x, y) is given by

Eh = I (O) cosm(φ)/D2
d cos(�) (5)

∅ is tilt angle of the luminaire, Dd is the distance between luminaire and a surface
while � is the angle of incidence as illustrated in Fig. 6.

3 Performance Indicator

Several parameters need to be considered and computed during the design process
to quantify the light quality and need to be measured and verified after installation.
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Fig. 6 Three-dimensional
illustration of a geometric
involved to calculate the
horizontal illuminance on a
coordinate (x, y)

The main objective of stadium lighting is to illuminate events to digital video
quality for the media without creating nuisance glare for the players and adding
spill light or glare to the spectators and the surrounding environment. Table 1 above
showing the requirement for stadium lighting as in [8].

Measures of uniformity quantify the variations of illuminance over the playing
area. Two types of uniformity stated in the FIFA guideline. First is uniformity U1

that is the ratio between minimum horizontal illuminance and maximum horizontal
illuminance. The second is uniformity U2, which is the ratio between minimum

Table 1 Stadium lighting parameters requirements

Lighting class Vertical Illuminance Horizontal Illuminance

Ev cam avg
(lx)

Uniformity Eh avg (lx) Uniformity

U1 U2 U1 U2

Class
V(International)

Fixed
Camera

2,400 0.5 0.7 3,500 0.6 0.8

Field
camera
(at pitch
level)

1,800 0.4 0.65

Class
IV(National)

Fixed
Camera

2,000 0.5 0.65 2,500 0.6 0.8

Field
camera
(at pitch
level)

1,400 0.35 0.6

Class III (National games) NA 750 NA 0.7

Class II (League and club) NA 500 NA 0.6

Class I (Training and
recreation)

NA 200 NA 0.5
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horizontal illuminance and average horizontal illuminance. U1 and U2 are applicable
for televised event specifications. While only U2 applicable for non-televised events.

In this study, the parameters and data that are considered and collected were for
horizontal illuminance.While the uniformity (U1 andU2) can be computed from illu-
minance data taken. These parameters were then compared to the FIFA specifications
in Table 1.

Uniformity is based on horizontal illuminance at the grid points over the playing
area, as described in [8]. Hence uniformity is dependent on any change in the
illuminance distribution over the playing area.

4 Result and Discussion

4.1 Light Output

The light output data for one luminaire was taken to be analyzed to understand the
characteristics of LED lighting. The number of luminaireswill be gradually increased
until the maximum of 28 luminaires. The light output in a single quadrant and the
whole football field consists of all four quadrants being analyzed. With a single
quadrant, the high mast placed at the center of a quadrant, the horizontal illuminance
been simulated.

FromFig. 7 above,when all the luminaires being tilted at 40°, it can be seen that for
all the three setups, the light intensity was concentrated at the center (aiming point)
for VA 30°, but illuminance became lower at the side. As the VA became wider,
the light intensity started to spread. As a result, it can be seen that the horizontal
illuminance started to drop, as in Fig. 7b and c. From all the setups, light radiation
was not changed with the increase of luminaires but only increased illuminance
values.

With luminaires on the other high mast (all quadrants) been turned on, the
illuminance was simulated as well.

When all the luminaires being activated on each of the high masts (all quadrants),
the light outputs were as in Fig. 8. The light intensity for luminaires with VA 30° was
concentrated at the center and had the highest average illuminance value but sharply
dropped toward the area circled as in Fig. 8a. The light intensity for luminaires with
VA 60°, were concentrated at the center as well and had high illuminance value but
gradually dropped toward the area circled as in Fig. 8b. For luminaires with VA
120°, the average illuminance value was the lowest but had a small margin between
the maximum and minimum average horizontal illuminance. Now we know that
luminaires with VA 30 and 60° have the advantage of complying with illuminance
requirements but have limitations in spreading the lights uniformly.
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Fig. 7 The light output on a quadrant for: a the first setup, with one and 28 luminaires, b the second
setup, with one and 28 luminaires, and c the third setup, with one and 28 luminaires on one quadrant

4.2 Horizontal Illuminance

Horizontal illuminance is a measure of light reaching a horizontal plane. The effect
of tilting and adding the numbers of luminaires to the horizontal illuminance was
investigated.
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(a)

(b) 

(c) 

Fig. 8 Light output from a single luminaire mounted on top of four high masts for: a the first setup,
with one and 28 luminaires, b the second setup, with one and 28 luminaires and c the third setup,
with one and 28 luminaires on all four quadrants

From Fig. 9, it can be seen that the average horizontal illuminance was increased
with the increasing quantity of luminaires. Luminaires with tilt angle 40° and 50°
always produce the highest output in terms of illuminance. Luminaire with VA 30°
and 60° able to meet the highest FIFA average horizontal illuminance specifica-
tion (Class V = 3,500 lx), with a minimum quantity of luminaires. However, lumi-
naires with VA 120° did not meet the Class V FIFA specification, although with the
maximum quantity of luminaires as in Fig. 9c.
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(a) (b)

(c)

Fig. 9 The average horizontal illuminance with the increased quantity of luminaires and tilt angle
for: a the first setup, b the second setup, and c the third setup

From the results of light output and horizontal illuminance above, it shows that
single type luminaires setup can meet the average horizontal illuminance for lumi-
naires with VA 30° and 60°. However, there was a limitation as the light tends to drop
at the sides of the aimingpoint of that particular setuphappened evenby increasing the
number of luminaires as the light will concentrate at the aiming point and jeopardize
the overall uniformity requirement. This simulation has demonstrated the approach
in assessing lighting performance, and there is a possibility to improve the visual
performance.

4.3 Uniformity

From the light output discussed above, it is known that there were limitations that
produce low illuminance spots with the current luminaires setup. The effect of tilting
and adding the numbers of luminaires to the uniformity was investigated as well.
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From Fig. 10a shows that luminaires with VA 30° have the lowest uniformity
compared to the other types of luminaires. In contrast, luminaires with VA 120°
produced the best uniformity output if compared within those three types of lumi-
naires. Additionally, in terms of tilting the luminaires, 30° tilt of the luminaires
always produced relatively the best result compared to the other two tilt angle for
all types of luminaires. However, these uniformity results were only intended to

Fig. 10 The uniformity U1 and U2 with the increasing quantity of luminaires and tilt angle for
luminaires with: a VA 30°, b VA 60° and c VA 120°
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show the effect of tilting and VA of luminaires to uniformity output. Regarding the
FIFA lighting specifications, as in Table 1, none of the luminaires can fulfill unifor-
mity requirements as the uniformity computed was on the overall football field. It is
inclusive of the low illuminance spots, as in Fig. 8. Hence, there is an opportunity to
improve visual performance by optimizing the architectural design focusing on the
lower illuminance spots.

5 Conclusion

This paper has discussed the characteristics of LED lighting that are used as stadium
lighting. Luminaire with narrow view angle gives higher illuminance value, and the
light intensity is concentrating at the point of aiming. In contrast, wider view angle
luminaire gives better uniformity as it spread lights well from the point of aiming
toward the sides.

It was also found that single VA luminaires were not sufficient enough to satisfy
FIFA stadium lighting specifications. Luminaires with VA 30° have the advantage
of producing the highest illuminance value. In comparison, luminaires with VA 60°
have the advantage of producing better uniformity. For luminaires with VA 120°
have better uniformity but cannot comply with horizontal illuminance requirements
with the minimum numbers of luminaires. Hence, there is an opportunity further
to investigate both types of luminaires VA 30° and 60° and evaluate the effects of
combining the different VA luminaires in order to meet the horizontal illuminance
and uniformity requirements.
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Split Balancing (sBal)—A Data
Preprocessing Sampling Technique
for Ensemble Methods for Binary
Classification in Imbalanced Datasets
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Abstract The problem of class imbalance in machine learning occurs when there
is a relatively big disproportional distribution of classes in the data for classification
tasks. In many real-world domains, such as in healthcare, finance, and predictive
maintenance, the number of data points of a less important class (usually the nega-
tive class) is much higher than the class of greater interest (usually the positive or
target class). This affects the ability of many learning algorithms to find good clas-
sification models. To address that, many approaches for solving this problem have
been proposed, prominently including ensemble methods integrated with sampling-
based techniques. However, these methods are still prone to the negative effects
of sampling-based techniques that alter class distributions via over-sampling or
under-sampling, which can lead to overfitting or discarding useful data, respectively,
and thus affect performance. In this paper, we propose a new data preprocessing
sampling technique dubbed as (sBal) for ensemble methods for binary classification
in the case of imbalanced datasets. Our proposed method first turns the imbalanced
dataset into several balanced bins/bags. Then multiple base learners are induced
on the balanced bags and finally, the classification results are combined using a
specific ensemble rule. We evaluated the performance of our proposed method on
50 imbalanced real-world binary datasets and compared its performance with well-
knownensemblemethods that utilize data preprocessing techniques namelySMOTE-
Bagging, SMOTEBoost, RUSBoost, and RAMOBoost. The results reveal that the
proposed method brings considerable improvement in classification performance
relevant to the compared methods. We performed statistical significance analysis
using Friedman’s non-parametric statistical test with Bergman post-hoc test. The
analysis showed that our method performed significantly better than the majority of
the methods across many datasets, suggesting a better preprocessing approach than
the ones used in compared methods. We also highlight possible extensions to the
method that can improve its effectiveness.
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Keywords Data sampling · Ensemble methods · Imbalanced datasets · Split
balancing · RAMOBoost · SMOTEBagging · SMOTEBoost

1 Introduction

Class imbalance is a common challenge in the machine learning community and
academia. It occurs in a dataset where the class of interest (positive or minority
class) has fewer instances than the other class (negative or majority class) [1]. In
real-world applications, the problem of class imbalance has affected many different
domains such as; credit card fraud detection, medical diagnosis, anomaly detection,
text classification among others. This is because the class of interest is usually rare
as compared to the majority class. For example, in some countries, the number of
male drivers is much more than female drivers, yet they are equally important in
assessing the causes of road accidents. To address the problem of class imbalance,
various methods have been proposed, and these may be categorized into data level,
algorithm level, and ensemble level methods [2].

The data level methods try to rebalance the class distribution through sampling,
which includes both under-sampling and oversampling based techniques. For the
under-sampling-based techniques like Random Under-Sampling (RUS), they alter
the original class distribution of the dataset by randomly eliminating some instances
from the majority class. Whereas, for the over sampling-based techniques, they
generate new instances to the minority class to balance the class distribution of the
dataset. Different variations of over-sampling-based techniques have been proposed
and evaluated in the literature [3, 4]. The most common ones include Random Over
Sampling (ROS), Synthetic Minority Oversampling Technique (SMOTE) among
others. Furthermore, the algorithm level methods focus on manipulating the algo-
rithm through cost-sensitive learning [5], by raising the cost of misclassifying
minority instances and reducing that of misclassifying the majority instances to
bias the algorithm towards the positive class which is always the class of interest.
Examples of the most commonly used algorithm level method include AdaBoost.
Finally, the ensemble level methods, generate various classification models using a
set of base learners and then use a given combination rule to combine their decisions
into a single classification result. When compared with the data level and algorithm
level, ensemble-based methods such as bagging, and boosting are considered the
most successful and commonly used in practical applications [6].

However, most of the above-mentioned approaches might still face unanticipated
challenges when employed to solve the problem of class imbalance. For instance, the
data level oversampling-based methods might increase the likelihood of overfitting
due to the generation of new instances to the minority class. Whereas, the under
sampling-based methods might discard some potentially valuable data that might be
very important during the training process. Furthermore, ensemble-based methods
such as bagging and boosting, are not always effective at handling class imbalance
problems unless combined with data level sampling techniques [7]. For example,
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SMOTE is combined with Bagging to form SMOTEBagging, with Adaboost to
form SMOTEBoost, UnderSampling with Bagging forms UnderBagging. Despite
using data sampling-based techniques as a precursor of the ensemble methods in
handling class imbalance problem, they are still prone to the shortfalls of sampling-
based methods such as overfitting and loss of potentially useful data, since they still
use the sampling techniques to generate balanced bootstraps in each iteration of the
bootstrap aggregating process. Hence, a wider study is still needed for handling data
preprocessing sampling problems for ensemble methods in the binary classification
of imbalanced datasets.

In this paper, we propose a new Split Balancing data preprocessing sampling
technique dubbed as (sBal) for ensemble methods in the binary classification of
imbalanced datasets. Our proposed method first splits the majority instances of the
imbalanced dataset into multiple splits/bags and then balances the class distribution
of each split by joining it with all the instances of the minority class to form a series
of balanced bags. Then multiple base learners are induced on the balanced bags to
generated multiple models which are then combined using a specific ensemble rule.

We conducted comprehensive experiments on 50 real-world imbalanced binary
datasets obtained from KEEL [8], and UCI online repository and compared
our proposed methods with well-known ensemble methods that utilize data
sampling preprocessing techniques which include; SMOTEBagging, SMOTEBoost,
RUSBoost, and RAMOBoost. The findings show that our proposed methods method
performed significantly better than most of the existing methods. To validate our
results,wewent ahead to carry out a non-parametric statistical test, to ascertain if there
exists any significant difference in performance between our proposed method and
the existing methods. We observed significant differences in performance between
sBal and the majority of the methods being studied.

In summary, the reminder part of this paper is organized as follows: In Sect. 2
we present the related work on data sampling techniques and ensemble methods
that utilize data sampling as a precursor for solving the problem of class imbal-
ance. Section 3 presents our proposed methods. The detailed experimental design
is presented in Sect. 4. We then present results analysis and discussion in Sect. 5.
Finally, we make our conclusions and propose future works in Sect. 6.

2 Related Work

The problem of class imbalance has caught much attention of researchers in the
industry and academia. As a result, numerous solutions for tackling this problem
have been proposed and they may fall into different categories, which include; the
data level, algorithm, and ensemble level methods. In this paper, our focus is on data
level-based methods more especially sampling techniques with ensemble methods.
In this section, we present a summary of existing ensemble and sampling-based
methods for handling the class imbalance problems that are much related to our
study.
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Data sampling and ensemble learning are among the most commonly used
methods in solving the problem of class imbalance [9]. The sampling methods aim
at balancing the class distribution of the imbalanced dataset and these can be divided
into two types; Oversampling basedmethods, which introduce new instances into the
minority class and Undersampling, which discard instances from the majority class
to obtain a balanced class distribution. Several studies in the literature [10–12], have
proposed different variations of over sampling-based methods. The simplest over-
sampling method is the Random Over Sampling (ROS), it duplicates instances from
the minority class to balance the class distribution of the imbalanced dataset. Other
studies [13, 14], have similarly prosed different under-sampling based approaches
such as Random Under Sampling (RUS) for solving the problem of class imbalance.
Japkowicz in [15], discussed both the under-sampling and sampling strategies and
pointed out the fact that both strategies were effective and further noted that, using
sophisticated data sampling techniques may not give any clear advantage in solving
the problem of class imbalance. In another literature, Dittman et al. [16], carried out a
comparative study of different sampling methods (RUS, ROS, and SMOTE) used in
the classification of class imbalanced problems in the field of Bioinformatics. Based
on their statistical analysis and findings, they reported that RUS is the most preferred
technique this is because of its ability to reduce the dataset size and the subse-
quent computational overhead. The main shortfalls of the sampling-based methods
are that they alter the original class distribution of the datasets which can lead to
unforeseen errors. For instance, oversampling may lead to overfitting whereas the
under-sampling methods may discard potentially useful data.

On the other hand, ensemble methods work towards improving classification
performance and generalization ability on the classification of future instances [6].
The majority of these ensemble methods are combined with data preprocessing
sampling techniques such as under sampling and over sampling-based techniques
[2, 12]. Bagging and Boosting are some of the methods utilizing data sampling tech-
niques and they have been widely used in the classification of class imbalance prob-
lems [9]. Researchers in [17], carried out an empirical study, comparing different
sampling methods with boosting for enhancing the performance of decision trees
in the identification of defective modules in the software. In their results, they indi-
cated that sampling techniques helped in improving the performance of suchmodels.
Chawla et al. in their study [18], proposed a new SMOTEBoost ensemble method
for classification of class imbalance problems that is based on the SMOTE sampling
technique and boosting algorithms. In another empirical study [11], a RandomUnder
Sampling Boost (RUSBoost) ensemble is proposed which is a result of combining
the RUS technique with the boosting method. Their findings show a comparable
performance between RUSBoost and SMOTEBoost.

However, most of these ensemble-based methods, are based on data sampling
techniques and therefore they may alter the class distribution of the original imbal-
anced datasets by either discarding some of the instances from the majority class
(under-sampling) or by generating more instances for the minority class (oversam-
pling) whichmight cause overfitting sincemost learning algorithms tend to paymuch
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attention to the replicated minority instances [3]. Furthermore, for the case of tradi-
tional bagging and boosting ensemble-based methods, they might still suffer from
the challenge of class imbalance. This is because for each of the iteration (in both
boosting and bagging based methods) the class distribution in each sampled subset
in a certain iteration is the same as that of the original dataset.

It is, therefore, prudent to have a sampling method that can easily overcome the
shortfalls of the previously studied methods, by balancing the class distributions of
the imbalanced dataset without creating new data that might lead to overfitting or
without discarding data that might be potentially useful during the learning process.

Our proposed Split Balancing data preprocessing sampling technique (sBal),
address the previous shortfalls by first splitting the majority instances of the imbal-
anced dataset into multiple splits/bags and then balances the class distribution of
each bag by joining it with all the instances of the minority class to form a series of
balanced bags as depicted in Fig. 1. Then multiple base learners are induced on the
balanced bags to generate multiple models which are then combined using a given
ensemble combination rule to get the final classification results.

Majority

0000000000000
0000000000000
0000000000000
0000000000000

Minority 

11111111111111
11111111111111

Split Balancing (sBal)

Algo1

Bag2

Algo2 Algo3 Algok

Test Set
Ensemble

Classification Results 

. . . . . . . . . .  000000000000
111111111111

. . . . . . . . . .  

Imbalanced Dataset

Bag1

000000000000
111111111111

Bag3

000000000000
111111111111

Bagk

000000000000
111111111111

Fig. 1 Proposed sBal method
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Our proposed methods greatly differ from the previously existing methods in
many differentways, first,we don’t discard any potentially useful data as it has always
been inmost under sampling-basedmethods such as RUS, similarly, weminimize the
chances of overfitting sincewe do not replicate or introduce newdata like inmost over
sampling-based techniques such as ROS. Additionally, it has minimal computational
overhead as compared to SMOTE that must first calculate the k distance before
creating a new instance.

3 Proposed Method

Traditional machine learning methods for binary classification are designed to
perform better when presented with balanced datasets [19]. However, the majority
of them tend to perform poorly when a dataset is imbalanced since the cost of clas-
sifying the positive (minority) class is always much higher as compared to the cost
of classifying the negative (majority) class [20]. As a result, various techniques
that try to balance the class distribution of an imbalanced dataset such as over-
sampling and under-sampling-based techniques have been proposed. Furthermore,
several ensemble methods have been combined with different sampling-based tech-
niques to solve the problem of class imbalance. However, they might still inherit
some weaknesses of sampling-based methods as earlier discussed.

Our proposed method (Fig. 1), tries to address the possible shortfalls of the
traditional methods for handling the problem of class imbalance by first turning
the class imbalance problem into a series of multiple balanced problems without
creating/introducing any new instances into the minority class or discarding any
original instances from the majority class. Considering an imbalanced dataset where
the number of instances in the majority (negative) class is more than the instances
in the minority (positive) class, we randomly split the instances of majority class
into multiple k bins/bags, where the number of k is determined by the ratio of
the majority class instances to the minority class instances. Each bag will contain
different instances from the majority class where the number of majority instances
in a given bag is determined by the size of instances in the minority class. We then
join a copy of all instances of the minority class to each of the k bags to form a series
of balanced k bags as shown in Fig. 1. Finally, we apply classification on each of the
balanced k bags using multiple base learners, the obtained classification results from
the multiple classifiers are combined using a recommended ensemble combination
rule (majority voting) to form a new ensemble method that is based on sBal as a data
preprocessing sampling technique.
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4 Experimental Design

In this section, we present details of various experiments evaluating the effective-
ness of our proposed technique (sBal) and compare its performance against popular
existing ensemble methods that utilize data level preprocessing sampling techniques
in handling class imbalance problemwhich include SMOTEBagging, SMOTEBoost,
RUSBoost, RAMOBoost, and traditional Bagging andRFmethods on 50 imbalanced
multi-domain real-world binary datasets (Table 1) in terms of AUC.

4.1 Datasets

Table 1 summarizes all the datasets used in this study along with their respec-
tive properties. For each of the datasets, we show the dataset ID (ID), Dataset
name (Dataset), Total number of instances (#Inst), Percentage of Majority instances
(%Maj), Percentage of minority instances (%Min) and Imbalance Ratio (IR). In this
study, we consider IR as the ratio of percentages of Majority to Minority instances,
i.e. I R = %Maj

%Min . All the datasets are real-world coming from different domains, they
were prepared for binary classification tasks in mind and they are publicly available
on KEEL [8], and UCI repositories.

4.2 Evaluation Metrics

Accuracy is a famous evaluation metric and commonly used for the evaluation of
several machine learning problems. However, studies have reported the ineffective-
ness of accuracy in the evaluation of class imbalance problems [21]. As a result,
researchers and practitioners have opted for alternative evaluation metrics such as G-
Means, F-Measure, Recall, Precision, Area Under Curve (AUC), andMathewCorre-
lationCoefficient (MCC) for evaluation of class imbalance problems. Themajority of
researchers in the ML community are preferring AUC [21] andMCC [22] over other
metrics. In a recent study [23], researchers empirically compared and evaluated the
use of AUC andMCCmetrics in the evaluation of class imbalance problems. In their
findings, they established that AUC was statistically consistent and more discrimi-
nating than MCC; hence suggesting that AUC is a better measure than MCC to be
used for evaluating binary classification with imbalanced datasets. In that regard, we
chose to use AUC as an evaluation metric for this study.
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4.3 Experiments Design

We organized our experiments and their analysis into two phases. In the first phase,
we carried out experiments on a series of real-worldmulti-domain binary imbalanced
datasets. To assess performance, we used five repetitions of fivefold cross-validation.
To ensure fairness and uniformity across all the studied methods, we used Decision
Tree (DT) with its default parameters as the base algorithm. We also constructed all
the ensembles with an ensemble size of 10 (n_estimators), this is because our method
is limited by the number of base estimators it can use since the number is determined
by the ratio of majority to minority instances (k bags). The size of an ensemble is
another subject of discussion, there is limited literature that gives clear direction
about how many n estimators should be used in building an ensemble. Thais et al.
in their work [24], analyzed the performance of RF ensemble as the number of trees
grow from 2 to 4096 across 29 datasets. Their findings indicate that many trees only
increased computational cost, and there was no significant performance gain. They
also statistically observed that there was no significant difference in performance
between using a given number of trees or double.

In the second phase of the experiments, we carried out nonparametric statistical
tests to statistically compare our proposed method against the existing methods. The
main objective of this analysis is to validate whether there exists any significant
difference in performance between the proposed method and the existing methods
being studied in terms of AUC.

All experiments were carried out in Python 3.7 using Scikit-learn version 0.21.3,
and imbalanced-learn package version 0.5. For statistical significance tests, we used
KEEL’s non-parametric statistical analysis tool [8], version 3.0.

5 Results and Discussions

In this section, we present and discuss the outcomes of our experiments resulting
from the fivefold cross-validation runs. We compared the proposed method against
traditionalBagging (Bag’g),RandomForest (RF) andwell-knownensemblemethods
that utilize data preprocessing sampling techniques to overcome the challenge of
class imbalance, and these include; RUSBoost (RUB), SMOTEBagging (SMTBag),
SMOTEBoost (SMTBst), and RAMOBoost (RAMOB). They were evaluated on 50
publicly available binary datasets (Table 1) obtained fromKEEL andUCI repository.

Experimental results for all the methods in the study are presented in Table 2,
showing the mean AUC values of 5 repeated trials of the 50 imbalanced binary
datasets. The results highlighted in bold indicate a higher AUC score of one method
as compared to the other methods in the same row for a given dataset. In the case
of a tie between methods, it is counted as a win in its respective capacity. The total
number of wins (bold) for each method is shown in the last row of the table.
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From Table 2, we observe a better performance of the proposed method (sBal)
as compared to all the other methods except for RAMOBoost (RAMOB) where the
performance was comparable. RAMOBoost performed better in 17 datasets out of
50, followed by sBal with 14 wins out of 50, RF forest came third with 9 wins, then
SMOTEBoost with only 6wins out of the 50 datasets. RUB and SMOTEBagging had
a tie of 4 wins each out of the 50 datasets. Traditional Bagging (Bag’g) registered
the least performance with only 3 wins out of the 50 datasets. We expected poor
performance from the traditional bagging method this is because it doesn’t pay much
attention to the class imbalance since it does not put any effort into trying to balance
the class distribution of the bags during the bootstrap aggregating process.

Even though RAMOBoost achieved comparable performance to sBal, the compe-
tition between the two methods was not fair, because RAMOBoost is considered a
robust method, it adaptively ranks instances from the minority class at each training
iteration according to the sampling probability distribution which is based on the
primary data distribution [25]. However, its idea of ranking instances can be studied
further in the future to lay the ground for new methods that are based on instance
hardness.

The experimental results indicate that it is reasonable to turn an imbalanced
problem into a series of balanced problems and do classification on balanced prob-
lems to achieve better results other than introducing newdata into the datasets that can
cause overfitting as it is for the majority of oversampling based method or without
discarding data from the majority class that might be useful during the training
process.

5.1 Statistical Results and Analysis

To draw more reliable conclusions, we went ahead to perform statistical tests and
analyses to determine if there exists any statistically significant difference in the
classification performance as measured by AUC between our proposed method
and the other ensemble methods being studied. We utilized the standard method-
ology proposed in the literature by Demšar [26] for testing statistical significance
among multiple methods across many datasets. We carried out a non-parametric
(distribution-free) statistical test on allmeanAUCresults.Wechose to useFriedman’s
test [27] because we do not know the distribution of the values in our analyzed data.
For our study, we used Friedman’s N × N statistical test to first determine if there
exists any statistically significant difference among methods being studied across all
the datasets, followed by a post-hoc test that is used to identify specific pairs of algo-
rithms that produce differences. We used the Bergman procedure [28] to compute a
probability value (p-value) for the test on each pair ofmethods. Bergman is a post-hoc
procedure with high statistical power devoted to multiple comparisons. It thoroughly
finds all the possible sets of hypotheses for given comparisons and all those elemen-
tary hypotheses that cannot be rejected. All the statistical tests we carried out using
KEEL’s non-parametric statistical analysis tool [8].
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Statistical results are presented in Table 3. We highlight with bold all pairs that
comprise the sBalmethod. In the results column,we indicatewhether the null hypoth-
esis (H0) is rejected or accepted, and we are much interested in rejecting the H0

hypothesis which states that all the methods are comparable and the observed differ-
ences in their ranks might be random. When the H0 is rejected, it simply means
that; there is a statistically significant difference in performance between the pairs
of algorithms being compared across all the 50 datasets.

As an outcome of the statistical analysis of the performance of the proposed
method (sBal) against the studied methods when using Friedman/Bergman methods
with a significance level of α = 0.05, we observe a significant difference in perfor-
mance between sBal and all the othermethodswhere theH0 is rejectedwith an excep-
tion of RandomForest. Thismeans that our proposedmethods achieved better perfor-
mance as compared to the other method except for RAMOBoost where performance
was comparable.

Table 3 Statistical results for data from Table 2—sBal versus other ensemble methods on 50
imbalanced datasets

Comparison z = (R0 − R1)/SE p Result

SMOTEBoost Versus sBal 6.89736 0 H0 Rejected

RF Versus SMOTEBost 4.3745 0.000012 H0 Rejected

RUBoost Versus sBal 4.351354 0.000014 H0 Rejected

Bagging Versus sBal 4.096754 0.000042 H0 Rejected

SMOTEBag Versus SMOTEBoost 3.726426 0.000194 H0 Rejected

SMOTEBoost Versus RAMOBoost 3.471825 0.000517 H0 Rejected

RAMOBoost Versus sBal 3.425534 0.000614 H0 Rejected

SMOTEBag Versus sBal 3.170934 0.001519 H0 Rejected

Bagging Versus SMOTEBoost 2.800606 0.005101 H0 Rejected

RUBoost Versus SMOTEBoost 2.546005 0.010896 H0 Accepted

RF Versus sBal 2.52286 0.01164 H0 Accepted

RF Versus RUBoost 1.828495 0.067475 H0 Accepted

Bagging Versus RF 1.573894 0.115512 H0 Accepted

RUBoost Versus SMOTEBag 1.180421 0.237833 H0 Accepted

Bagging Versus SMOTEBag 0.92582 0.354539 H0 Accepted

RUBoost Versus RAMOBoost 0.92582 0.354539 H0 Accepted

RF Versus RAMOBoost 0.902675 0.366699 H0 Accepted

Bagging Versus RAMOBoost 0.67122 0.502081 H0 Accepted

RF Versus SMOTEBag 0.648074 0.516937 H0 Accepted

SMOTEBag Versus RAMOBoost 0.254601 0.799032 H0 Accepted

Bagging Versus RUBoost 0.254601 0.799032 H0 Accepted
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6 Conclusion and Future Works

In this paper, we have proposed a data level preprocessing sampling technique for
ensemble methods for dealing with the classification of binary class imbalance prob-
lems. Different from the existing traditional Boosting, Bagging, and sampling-based
ensemble methods, our proposed method does not alter the original class distribution
of the dataset and does not discard any information that may be very important during
the training process or introduce any new data that might cause overfitting.

The proposed method attempted to address the class imbalance problem from the
perspective of improving the performance of ensemble-based algorithms by intro-
ducing a new data sampling technique that first converts the imbalanced binary
dataset into multiple balanced binary datasets without introducing new instances or
discarding any original instances. This is achieved by randomly splitting the instances
from themajority class intomultiple bags, with each bag having a copy of allminority
instances and preserving the balancewithin each bag.After that, a given classification
base algorithm is induced on the multiple balanced bags. Finally, the classification
results resulting from the different base algorithms are combined into an ensemble
using the majority voting ensemble rule.

An empirical study has been carried out on 50 binary imbalanced real-world
datasets. Furthermore, a non-parametric Friedman and Bergmann’s post-hoc statis-
tical test was conducted, at a significant level of α = 0.05, to validate the findings in
the study. The experimental results demonstrate that the proposed method performs
significantly better than all the other methods studied, except for RAMOBoost where
performance was comparable. The statistical validation shows a statistically signifi-
cant difference in performance between sBal and SMOTEBoost, RUBoost, Bagging,
RAMOBoost and SMOTEBaging except for Random Forest hence suggesting that
sBal is a good method and performs more effectively than the existing traditional
methods.

Future works can leverage this balancing scheme and aim at finding a way to
empower it with the ability to specify/configure the number of bags rather than
the current situation where the number is dictated by the imbalance ratio of the
dataset. We plan to influence the process of picking majority instances into the bags
using pre-calculated data complexity measures, such as Instance Hardness [29], and
ensure that each bag contains amixture of instanceswith varying degrees of hardness.
Unlike most bagging methods that use a uniform probability to select instances, this
will ensure that base algorithms are trained on balanced bags, and at the same time
containing diverse levels of hardness to learn various patterns in the datasets. This
will further allow us to increase the number of base estimators similarly to other
ensemble methods.
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DyslexiAR: Augmented Reality Game
Based Learning on Reading, Spelling
and Numbers for Dyslexia User’s

Ibrahim Ahmad, Aza Jaiza Mohamad, Farah Farhana Roszali,
and Norziah Sarudin

Abstract Augmented Reality Game for based learning has been enhanced the
learning experienced and developed the knowledge and skills of the user. The project
methodology used in this study is the game development life cycle (GDLC). It
includes initiation, pre-production, production, testing, beta testing and release. The
purpose of this project is to produce video games for children with dyslexia who
have visual and auditory learning difficulties related to memory, time management,
speed processing, organization, organization and planning. The objective of this
product was to develop Augmented Reality games for dyslexia students, second
was to develop Reality-based games on reading, spelling and numbers for dyslexia
students using the Unity Game Engine, the third was to test the appropriateness of
learning based on reading, spelling games and numbers for dyslexic students. The
number of user targets used to test this product are dyslexia students, teachers who
teach dyslexia students, expert programmers and designer games and evaluators from
the eLearning Carnival & Conference (eLCC 2019). The result of this DyslexiAR
learning game is that dyslexic students have a better understanding of learning to
read, spell and learn numbers.
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1 Introduction

Dyslexia is defined as a difficulty with word level reading and spelling skills, which
are in turn caused by phonological deficits [1]. In general, people with dyslexia
appears very intelligent, but they are unable to read, write and spell in a correct
way. Children with dyslexia have difficulties in learning how to read and write [2].
Rauschenberger et al. Has add that they are often diagnosed after they fail in school,
even though dyslexia is not related to general intelligence. Students suffering from
Dyslexia tookmore time than their peers to understand as well as to complete the task
[3]. Some dyslexic children have difficulty in learning to read because they could not
acquire the auditory equivalents of the appearances of the letters [4, 5]. Other than
that, children with dyslexia are commonly associated with gross motor difficulties
[6]. They are also have a problemwith theirmotor skills thatmake themexperience an
issue of extraordinary pencil grasp and composing or replicate words [7]. Dyslexic
person also has a poor memory, difficulty coloring and difficulty forming letters
[8, 9].

Difficulties in spelling inconsistent conventions of the writing systems are
common in children with dyslexia [10]. Individuals with dyslexia often perform
even worse in spelling than in reading [11]. There might have spelled disability
when dyslexic person is confusing with the sequence of letters in words. They also
have a big chance ofmakingmistakes when they put letter thewrongway around. For
example, dyslexic person will write “b” rather than “d”. They are confused between
two letters that have the same writing technique.

Dyslexia for numbers or known as dyscalculia. Dyscalculia is a specific learning
disability that related to math and the term Dyscalculia is created for the disability of
performing mathematic operations [12]. However, dyscalculia can be educated and
reduce the severity of the learning disability, however, never totally recovered [13].
Web technologies can help people with dyslexia to improve their reading and writing
experience on the web [14]. Therefore, in this study, we propose an Augmented
Reality Game technology based learning in reading, spelling and numbers for
dyslexia. Augmented Reality Gamed offers a number of advantages of the present
generation of learners [15]. This project improves their skills in reading, spelling and
decoding numbers.

2 Methodology

The methodology use for this project is Game Development life Cycle (GDLC). It
is consists of six phases as shown in Fig. 1 [16].

Phase 1: Initiation
The initial step to do in making a game is to draft a rough idea what sort of game that
will be made. The output of initiation is the game idea and a basic game description.
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Fig. 1 Game development life cycle (GDLC)

Decide type of game to be developed, the target player and the objective of developing
the game.

Phase 2: Pre-production
Pre-production includes the creation and the correction of game plan and the produc-
tion of game model. Decide game engine to be use and develop game prototype
outline and the concept.

Phase 3: Production
Production phase is the most important part which involved the creation of model
and coding implementation. The prototype of each element needs to be creates in
detail with more complete game mechanic and game element. Use prototype made
in pre-production stage to develop the game.

Phase 4: Testing
Conduct an internal testing to detect bugs, error andglitches. Test the gameplayability
and usability. The result of testing will decide whether it is time to continue the phase
to the next one or need to go back to production cycle.

Phase 5: Beta
Conducted by the third party or game tester to test the game bug, error and glitches.
The game is completed and finalized, need balancing and fixing if any problems
occur. The output of beta testing is game tester will make a report of bugs and user
feedback.

Phase 6: Release
Release is the final stage of game development life cycle. This stage involves
the project documentation, product launching, planning for improvement and
maintenance.After development completed, the game is ready to be publish to public.
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Fig. 2 Game structure

3 System Overview

3.1 Game Structure

In Fig. 2, the game structure shows that DyslexiARwill start withMainMenu. There
are three options available in theMainMenuwhich areCredit to view the game credit,
Play to start the game and Exit to quit the game. Level Selection will be available
when the Play option is selected. There will be three options in the Level Selection
which are Level 1, Level 2 and Level 3 to show there are three game levels available.
Every single level selection, there will be an instruction on how to complete the
level respectively. The game will then determine whether the level is completed with
achieving objectives or vice versa to ascertain it is a win or lose condition. The game
will then be directed back to The Main Menu.

3.2 Gameplay

At the beginning of the game, the player will see the main menu. The main menu
consists of three buttons which are Play, Credit and Exit. When player, click on Play
button, the game will be directed to Level Selection as shown in Fig. 3.
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Fig. 3 Game level selection

Each level has different objectives for player to achieve. In Level 1, the player
need to collect three cat and avoid dog within 60 s in order to win this level and
proceed to next Level, which is Level 2 (Figs. 4 and 5).

To indicate the player has complete all of the game level, the All Level Completed
Menu will be displayed as shown in Fig. 6.

If the player fail to complete a game level, the Game OverMenu will be displayed
as shown in Fig. 7.

Fig. 4 Level 1 instruction

Fig. 5 Level 1 gameplay
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Fig. 6 All level completed
menu

Fig. 7 Game over menu

4 Result and Discussion

Aplaytest has been conducted on three different environment which are the company
of Game Taiko Sdn Bhd, Fakulti Teknologi Kejuruteraan (FTK) and Sekolah
Kebangsaan Padang Temu (SKPT). The three environment has three session which
are Introduction session, Testing Game Session and Feedback session, except in the
environment of Sekolah Kebangsaan Padang Temu which has four session that end
with Questionnaire session.

The feedback collected from Game Taiko Sdn Bhd and FTK will be included in
Conclusion and Future Scope since it is reviewed by Game Programmer, Game
Designer and Evaluator respectively. The result of the playtest from SKPT are
recorded.

4.1 Playtesting

There is one set of questionnaire and simple quiz provided to the tester. Firstly, to
identify the problem of the dyslexia student, a set of questionnaires is given to them.
Secondly, one set of simple quiz is issued to the tester before and after they have
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played the game. The same questionnaire as in before the tester playtest is given to
the tester as to get the aftermath of playtesting the game.

Before Playtest
The first task to be given to the tester in a questionnaire is for them to write their own
name as shown in Fig. 8. This test is to identify whether they can write their own
name or not.

The first question in the quiz is provided to tester as in Fig. 9. This question is
based on the picture of a cat. It shows that 1 out of 4 testers chose the wrong answer
which is CAP. This is because student might confuse with letter P and T. Follow by
3 out of 4 testers chose the right answer which is CAT. This is because can spell
simple words rather than longer word.

Fig. 8 Name of Dyslexia
tester

Fig. 9 Quiz 1
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The second question in the quiz is provided to tester as in Fig. 10. This question is
based on the picture of a hat. It shows that 1 out of 4 testers chose the wrong answer
which is black. This is due to the colour that might confuse them. Followed by 3
out of 4 testers chose a correct answer which is blue. This student can recognize the
colour even though they did not play the game yet.

The third question in the quiz is provided to tester as in Fig. 11. This question is
based on the picture of a number. It shows that 2 out of 2 testers chose the wrong
answer which is option 2 (alphabet). This is because they have problem in replicate
words or letter. Theymight be confusedwith the numbers and letter that have the same
colour. Then, 2 out of 2 testers chose a correct answer as they know the differences
of number and letters.

After Playtest
The same questionnaire as in before the tester playtest is given to the tester as to get
the aftermath of playtesting the game. Figure 12 shows that 1 out of 4 testers chose
a wrong answer which is CAP. This is because student might confuse with letter P
and T. Follow by 3 out of 4 testers chose the right answer which is CAT. There are no
changes of chart because the tester that still cannot remember the same things even
though they have seen it.

The second question in the quiz is provided to tester as in Fig. 13. This question
is based on the picture of a hat. It shows 4 out of 4 testers chose the correct answer
which is blue. This game application helps them to recognize color correctly and
make them focus and think before deciding.

The third question in the quiz is provided to tester as in Fig. 14. This question is
based on the picture of a number. It shows 4 out of 4 testers chose the correct answer.
It shows that this game application helps them to memorize things.

Fig. 10 Quiz 2
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Fig. 11 Quiz 3

Fig. 12 Quiz 1

5 Conclusion and Future Scope

In conclusion, DyslexiAR is suitable for students with dyslexia issue to enhance
their learning skill. The Game Programmer and Game Designer from the company
of Game Taiko Sdn. Bhd also has approved of this statement. To keep the player
engaged in the game, the Evaluator from FTK has recommended to increase the in
game rewards. Although the game is lacking in rewards, the tester keeps on playing
the gamemore than one time as they feel amazedwhen the object appeared on screen,
but there is nothing come out in real life. This result is a proof that the game currently
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Fig. 13 Quiz 2

Fig. 14 Quiz 3

is fun as it is. In future, the game will be implemented with various challenges to
keep the game immersive for players to enhance more of their learning skills.
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Applying Transfer Learning in Stock
Prediction Based on Financial News

Hai V. Che, Trung Q. D. Tran, and Duc M. Duong

Abstract The most derived method and realistic way to predict the current stock
price is via media resource and trusted new. In this paper, we will apply the current
classifier text technique (Based LSTM) and pre-trained model from transfer learning
to gain more intuition in financial news and precisely predict stock price. Finally,
after using the latest pre-trained word embedding and a classification layer. We have
achieved the robust success, and the experiment result shows that our method is able
to outperform in accuracy than the previous one and have some advantage in the
adaptive dataset.

Keywords Stock prediction · LSTM · ELMo · Transfer Learning

1 Introduction

The ubiquity of data today enables investors at any scale to make better investment
decisions. The challenge is ingesting and interpreting the data to determinewhichdata
is useful, finding the signal in this sea of information. For this such classification task,
machine learning and deep learningwere usedwidely and gainmore significant result
lately. However, both these methods have their disadvantage, and most researchers
in this field overlook this task and only focus on feature engineering and finance
formula.

The recent progress of NLP and especially in deep learning field has shown an
impressive result that we can achieve with pre-trained model and even possibly suc-
ceed the speed to maintain a real-time predicting system. Even for word embedding,
the most successful work [1] has stated that the contextual embedding is more supe-
rior than the traditional one.
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In this paper, we only focus on daily one day ahead prediction and roughly split
into three major parts, financial news pre-processing, feature engineering, and final
prediction model. We propose to use the ELMo contextual language embedding [1]
and [2] to automatically focus on the words that have the most impact on classifica-
tion. The experiment result has shown the significant effect of our model, real-time
prediction and can automatically enhance without being outdated.

2 Our Approach

For the recent year, the NLP community have been an inflection point for machine
learning models handling text. Especially in the transfer learning scenario, we have
had ELMO [7]. A new technique for embedding word into real vector space based
on the context rather than a fix retrained weight for each token that was proposed in
paper [6]. Besides the model surpasses the previous benchmark, using ELMO [7] as
a pre-trained embedding for sentiment classification allow for a potential boost in
performance.

2.1 System Design

See Fig. 1.
Included:

• Using nlp to extract relevant stock within financial news
• Labeling data with specific strategies,
• Pre-process content and normalize,
• Word-embedding with fine-tune transfer learning,
• Training and evaluation state.

3 Processing Data

3.1 Crawling Data

We’ve usedMongoDB and Python script to automate crawling data from themultiple
trusted source (Reuters and Bloomberg) that was in the required date (from October
2006 to December 2013) to match with the dataset from the confront paper [5]. And
for stock historical data, we take the S&P 500 raw stock price data from the stock
exchange and the stock prices are downloaded as a “.csv” file. Each line represents the
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Fig. 1 Pipeline system design

price of stocks in the S&P 500 by day including “< id >,< symbol >,< date >,

< open >,< high >,< low >,< close >,< volume > …”. In it, each item has
the followingmeanings: trading code, stock code, trading date, opening price, highest
price, lowest price, closing prices, trading volume, …etc

3.2 Preprocess and Labeling Articles

For the intuitive comparison with the paper [5], we will use the same labeling tech-
nique and grouping method with some minor change.

All information collected is tokenize and normalize by the Spacy library [3], with
high precision in English word. For the financial news that we have collected, all
heading and body of story were used and split them into sentences. We only keep
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Fig. 2 Entity extraction

those sentence that mentions at least a stock names or a public company. Not only
the simple search method was used to find the stock name, but the entity extraction
method was also used to finding the most accuracy sentence that mentions the stock
(Fig. 2).

For the sentence that has multiple stocks, each mention stock will be labeled by
the same sentence. Then, we group all these sentences by the publication dates and
the names of the underlying stock to form the samples. Each sample contains the
sentences that were published on the same date and mentions the same stock and
company.Moreover, the sample was label as positive and negative (price up or down)
based on the next day’s closing price consulted from the dataset. For example: +1
corresponds to the trend increase of the stock price,−1 corresponds to the downtrend
of the stock price.

3.3 Dataset Splitting

The data set will be randomly segment into three sets: train, dev and test; at the rate
of 0.75| 0.125||0.125 as in the article [5]. Based on the dataset describe in the above
paper. We split the dataset into three sets as follows (Table 1).

The set of train and valid will be put into training and embedding word, the test set
will be evaluated at the experimental step. The data is divided as above to get trusted
results, in order to help themodel bemore accurately evaluatedwith the experimental
data set that has never been seen before. Total data negatives and positives are also
collected in a balanced manner (42674 positive and 41531 negative).

Table 1 Dataset details

Dataset Date publish Data samples

Train 2006-10-01 to 2012-12-31 63,153

Valid 2013-01-01 to 2013-06-15 10,525

Test 2013-06-16 to 2013-12-31 10,527
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4 Word Embedding

The feature engineering task here will only be using ELMo embedding [7]. This
simplicitywill enhance the performance in extracting feature andwill not be outdated
if the domain word is changing.

The task-specific part is the combination of the task-agnostic representations.
Concretely, in ELMo, the word representation is computed with the following equa-
tion:

ELMotaskk = ε(Rk; θ task) = γ

L∑

j

staskj hlmkj (1)

The indices k and j each called to the index of the word and the index of the layer
that the feature is being extracted from language model. More specifically of hkj is
the output of the jt,h LSTM layer for the word k. j is the weight of hkj in computing
the representation for k that are softmax-normalized. The parameter γ is a dependent
value that allows for scaling the entire vector, which is important during optimization.

The reason that ELMo is transfer learning is this simple, as the task is taken
input as a discrete token, meaning ELMo can be used with preexisting embeddings
or can replace them and be trained end-to-end. Despite the fixed hidden states, the
model still has the flexibility to feature various layers of abstraction depending on the
context of the input. The ELMo pretrain we used in this paper is taken from https://
tfhub.dev/google/elmo/2Tfhub.

5 Deep Neural Network

5.1 Model

The structure of the model is the basic LSTM [2] for the classified text task. As
the Lstm layer takes a lot of time to converge, the model consisted of only one
Lstm layer and multiple fully- connected layer. Cause the labeled data was an only
negative or positive value; the output layer is a sigmoid function to compute posterior
probabilities of the last hidden layer. The structure of the model will be expressed as
follows (Table 2):

With the following configuration:

• batch_size: 32
• epoch: 50
• learning_rate (Adam optimizer): 0.001.

https://tfhub.dev/google/elmo/2
https://tfhub.dev/google/elmo/2
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Table 2 Model layer params

Layer (type) Description Param (units)

Word_Embedding Size of word embedding 128

Elmo_Embedding Size of word Elmo embedding 1024

Concatenate_layer Concentrate two embedding
layer

1152

Batch_norm Normalize layer 0

Bi_lstm Bidirectional LSTM layer 100

Dense_layer Hidden layer 1

Binary_crossentropy Evaluate layer 1

5.2 Optimization

For the optimization task, we simply use Batch normalization [4] and Lasso regu-
larization [8] for avoiding overfitting and make the training more faster. The Batch
normalization can help us stabilizing the distribution of layer before activations
throughout training, reducing the instability of deeper neural nets to saturate or
diverge. But the Batch normalization only have a little effect in avoiding overfitting,
thus the Lasso technique was used to adding weight decay, that every time we update
a weight w with the gradient �j in respect to w, we also subtract from it γ ∗ w. This
method gives the weights a tendency to decay towards zero, increasing error in the
training process.

In order to avoid overfitting in deep learning model, the EarlyStopping technique
is used with the parameter used to stop training is accuracy of the valid set (valid
accuracy). Using Early Stopping to prevent too long a model training leads to over-
fitting. So each epoch if the valid accuracy does not increase it will stop training and
save the train weight.

6 Experiment Result

The purpose is to find the most optimal model for the stock market trend prediction
system. We gave the data set to be trained in many different models to show the
visualization of the training results and to compare the model in paper [5]. All
models are tested on test set sample (Table 3)

The training process was built on a combination of algorithms, because of the
large data source, the average epoch consumed 10min. Here is the training process
of the models that have been saved and represented in graph form (Fig. 3).

As the graph shows, other embedding techniques such as Glove [6] did not per-
form as well as ELMo transfer embedded techniques. All models are applied with
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Table 3 Result compare

Feature combination Accuracy rate

Glove + Dense 0.51

ELMo + Dense 0.50650

Plain lstm 0.55

Glove + Lstm 0.52821

Leverage financial news 0.5435

ELMo + Lstm 0.56542

Fig. 3 Learning curve comparison

EarlyStopping technique to limit the calculation of redundancy. By checking with
the test data set that has not been seen, we can see positive results in accurately
predicting the standard trend of stock prices.

6.1 Practical Experiment

In addition, we also checked the prediction of a number of individual stocks out of
500 stocks appearing in the S&P 500. We have selected five stocks with high trading
volume: SHOP, MELI. , GDOT, BBY, C. In the period from May 15, 2016 to May
29, 2016 not mentioned in the data (14days) (Table 4).

We have collected over 20 news related to target stock and dates. The trend will
be modeled according to each news item per day (1 is equal to Uptrend and −1 is
Downtrend) and summed up as the predicted indicators. If the value is greater than
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Table 4 Liquidity of compare stocks

TT Stock Code Maximum
trading volume

Minimum trading
volume

Average trading
volume

1 SHOP 10,897,100 744,200 636,796

1 SHOP 10,897,100 744,200 636,796

2 MELI 14,763,506 2,575,451 8,669,478

3 GDOT 81,370,241 17,979,893 49,675,067

4 BBY 7,506,500 281,200 3,893,850

5 C 32,123,22 939,283 2,075,802

Table 5 Predicting results of 5 stocks in 14days
SHOP MELI GDOT BBV C

Open Close Trend Open Close Trend Open Close Trend Open Close Trend Open Close Trend
15/5 45.5 44 0 33.6 33.6 1 7.0 7.1 0 12.5 12.4 0 45.3 45.3 1
16/5 42.9 40.3 0 33.5 34.3 1 7.3 7 1 14 13.8 0 45.7 45.8 1
17/5 41.3 44 0 33.8 32 1 6.9 7.4 1 14.1 13.2 1 45 44.6 1
18/5 42.5 40.2 1 32.1 30.9 1 7.1 6.8 1 13.2 13.9 1 44.5 44.7 1
19/5 40.1 41 1 31.1 31.3 0 6.6 7.2 1 14.4 14.4 1 44.9 45.2 1
20/5 40.8 41.1 1 30.7 31.7 1 7.1 7 0 14.4 14.2 0 45.2 46.1 0
21/5 41 42.1 1 32.1 31.3 0 7 7.8 1 14.3 14.5 1 45.6 45 0
22/5 42 42.19 0 31.8 32.4 1 7.9 8.45 0 14.5 15.02 0 44.7 44.8 1
23/5 42.1 42.9 1 32.2 31.7 1 8.7 8.7 1 15.2 15.1 0 44.7 44.0 1
24/5 43.7 44.1 1 32.2 33.3 0 8.7 8.83 1 15.1 15 0 43.9 44.1 0
25/5 44.9 44.5 0 34.2 36.4 1 8.6 8.6 0 14.9 15 0 44 43.5 0
26/5 45.2 45.7 1 36 36.4 1 8.8 9.4 0 15.0 14.8 0 43.5 42.7 0
27/5 45.7 45.2 0 35.7 34.5 0 9.5 9.2 0 14.7 14.5 0 42.8 42.4 0
28/5 45.5 44 0 34.8 33.7 1 8.8 8.5 0 14.5 13 0 42.3 42.5 0
29/5 42.9 40.3 0 33.6 33.6 0 8.8 8.3 0 12.5 12.4 0 45.3 45.3 1

or equal to 0 then it is 1(Uptrend), the smaller is 0(Downtrend) in that day. Opening
and closing numbers in stock codes will be rounded to one unit. The predict trend
will be evaluated with actual trend and the result have been described as Table 5.

Included:

• 1: predict Uptrend.
• 0: predict Downtrend.

• Blue : Means predicting right trending.

• Red : Means predicting wrong trending.

As we can see in Table5, the stocks codes C, GDOT and SHOP have an accuracy
of nearly 57–58% but the remaining stocks have an accuracy of less than 54% but
still better than the forecast randomly guess the price. By checking the above, the
team found quite satisfactory results in predicting the trend of the stock moves based
on stock prices.
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7 Conclusion

In this paper, we have introduced a transfer learning approach for better gaining
intuition from financial news in the stock price movement problem. This approach
does not rely on domain knowledge and will not be limited by an obsolete tradi-
tional analyst. Our experiment has shown that our proposed method can improve the
prediction accuracy on a confront dataset and have practical usage in real world.
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Solving Time-Fractional Parabolic
Equations with the Four
Point-HSEGKSOR Iteration

Fatihah Anas Muhiddin, Jumat Sulaiman, and Andang Sunarto

Abstract The goal is to show the usefulness of the 4-point half-sweep EGKSOR
(4HSEGKSOR) iterative scheme by implementing the half-sweep approximation
equation based on the Grünwald-type fractional derivative and implicit finite differ-
ence (IFD) method to solve one-dimensional (1D) time-fractional parabolic equa-
tions compared to full-sweepKaudd Successive over-relaxation (FSKSOR) and half-
sweep Kaudd Successive over-relaxation (HSKSOR) methods. The formulation and
implementation of the 4HSEGKSOR, HSKSOR and FSKSOR methods are also
presented. Some numerical tests were carried out to illustrate that the 4HSEGKSOR
method is superior to HSKSOR and FSKSOR methods.

Keywords Grünwald derivative · 4HSEGKSOR iteration · Finite difference
method · Time fractional parabolic equation

1 Introduction

In many fields of engineering, mathematical models are usually developed in the
form of partial differential equations (PDEs). Due to its capability in describing
materials with memory and hereditary properties, fractional-order PDEs (FPDEs)
have earned great interests among many distinguished researchers in the field of
fractional calculus. Wide applications of fractional calculus can be seen such as
in biological cells and tissues model [1, 2], ecological model [3] and rheological
polymer model [4]. Over the last few decades, there has been increasing interest
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in studies on the time-fractional diffusion equations with the existence of a source
function f (x, t), e.g. papers by [5–7]. While, majority of the earlier studies have
considered the homogeneous problem instead, i.e. when f (x, t) = 0.

Several numerical techniques of FPDEswere studied in earlier works for instance,
the finite difference discretization scheme, the finite element, the finite volume
and collocation methods [8–14]. The most commonly used definitions of fractional
derivatives are based on the Riemann-Liouville and Caputo fractional derivatives.
In this paper, we employed the Grünwald-type fractional derivative and the implicit
discretization scheme for solving time-fractional parabolic equations (TFPEs). The
occurrenceof large linear systems (SLEs) that arise from thediscretizationof problem
(1) usually require some iterative treatments.

To reduce the computational complexity of the standard iterative method, block-
iterative method and half-sweep iteration concept has been implemented exten-
sively in previous studies. The applications including but not limited to, solving the
poisson image blending problem [15], robot path planning problem via nine-point
Laplacian method [16], two-point fuzzy boundary problem [17], two-dimensional
Helmholtz equation [18] and boundary value problems related to the ordinary
fractional differential equations [19, 20].

Additionally, since itwas first proposed byYoussef [21], the applications ofKSOR
method have been widely demonstrated through the application of the full-and half-
sweep concept in solving various types of research problem such as the two-point
boundary problem [22] and the Fredholm integral equations system of second kind
[23]. By extending the previous study, this paper intended to evaluate the performance
of the half-sweep conceptwhen combinedwith the four-point EGKSOR. In thiswork,
we named the proposed iterative scheme as 4HSEGKSOR.

To examine the performance of this proposed scheme, let us consider 1D time-
fractional parabolic equations (TFPE) defined as

∂αU

∂tα
+ C1(x)

∂U

∂x
+ C2(x)

∂2U

∂x2
= f (x, t), 0 ≤ x ≤ l, t > 0, α ∈ (0, 1), (1)

with initial condition

U (x, 0) = g1(x), 0 ≤ x ≤ l,

and the boundary condition

U (0, t) = g2(t); U (l, t) = g3(t), 0 < t ≤ T

where C1(x) and C2(x) can be constants or function of x. Here, Eq. (1) is equivalent
to the standard parabolic PDEs at α = 1. To ensure simplicity, supposed that the
solution domain (1) is in equal part subintervals (N = 2p, p ≥ 2), which noted as
�x and �t , corresponds to the directions of x and t respectively and where
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�x = h = l

N
, n = N − 1, �t = T

M
(2)

There are several numbers of fractional derivatives. One way to represent the
discrete fractional derivatives is byGrünwald fractional operator, which the truncated
Grünwald fractional derivative formula, Dα

G of order α for function f (t) is defined as
[24, 25]

Dα
G f (t) = 1

(�t)α
lim
N→∞

N∑

κ=0

gα,κ f (t − κ�t), 0 < α < 1 (3)

and the normalized Grünwald-weights are given by

gα,κ = �(κ − α)

�(−α)�(κ + 1)
, (4)

where, by using the recurrence relationships

gα,0 = 1;
gα,κ =

(
1 − α + 1

κ

)
gα,κ−1, κ = 1, 2, 3, . . . (5)

Discussion on the next sections are summarized as follows. Section 2 discussed
how the finite difference approximation equations of TFPEs were formulated based
on the Grünwald-type derivative. After that, the derivation of 4HSEGKSOR iterative
method is deliberated in Sect. 3. Next, the experimental results related to the tested
numerical examples are analyzed and their efficiencies are discussed in Sect. 4.
Meanwhile, the last Section concludes the study.

2 Half-Sweep Approximation Equation

Before problem (1) could be discretized, the solution domain is partitioned so that
uniform finite grid-points are formed. This is done to facilitate the discretization
process of theproblem (1).To start, first themeshpoint is stated as (Fig. 1) xi = α+ih,
where i ∈ [φ, η] and

0φ = 1x 2x 3x 4x 5x Nxη =1Nx −2Nx −

Fig. 1 The equidistance interior node points
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h

0 1 2 3 4 N-4 NN-3 N-2 N-1

0 1 2 3 4 N-4 NN-3 N-2 N-1

a) Full-sweep

b) Half-sweep

2h

Fig. 2 The uniform grid network distribution of a full-and b half-sweep cases

h = �x = η − φ

N
, n = N − 1 (6)

As mention in Sect. 1, the purpose of imposing the half-sweep iterative scheme is
to improve the convergence rate of an iterative method. Whereby, the length of each
grid size is 2h, compared to just single h for the standard full-sweep concept. The
grid point distributions of the full-and half-sweep cases are as explained in Fig. 2.

Next, to generate the finite difference approximation for problem (1),we substitute
the time with Eq. (3), and central difference scheme to space. The derivation will
end up with

1

(�t)α

j∑

k=0

gα,κUi, j−k + C1(x)

2p�x

(
Ui+p, j −Ui−p, j

)

+ C2(x)

(p�x)2
(
Ui+p, j − 2Ui, j +Ui−p, j

) = fi, j (7)

where p = 1 for full-sweep iteration, while p = 2 for the half-sweep concept.
Hence, by letting

Gk = gα,κ

(�t)α
, ρi = C1(x)

4�x
, ϕi = C2(x)

(2�x)2
,

Equation (4) for the half-sweep cases can be simplified into

αiUi−2, j + βiUi, j + γiUi+2, j = Fi, j (8)

where

Fi, j =
⎧
⎨

⎩

fi,1 − G1Ui,0 j = 1

fi, j −
j∑

κ=1
GkUi, j−κ j = 2, 3, . . . , M,

(9)
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and

αi = ϕi − ρi , βi = G0 − 2ϕi , γi = ϕi + ρi . (10)

Then, to facilitate us in solving the TFPE, Eqs. (5), (6) and (7) were used to
reconstruct the SLEs in matrix form as

AU j = F j (11)

where

A =

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

β2 γ2

α4 β4 γ4
α6 β6

α8

γ6
β8 γ8
. . .

. . .
. . .

αN−4 βN−4

αN−2

γN−4

βN−2

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

( N
2 −1)×( N

2 −1)

,

U j = [
U2, j U4, j U6, j · · · UN−4, j UN−2, j

]T
,

F j = [
F2, j − α2U0, j F4, j F6, j · · · FN−4, j FN−2, j − γN−2UN , j

]T
.

3 Derivation of the Iterative Method

Based on the half-sweep iterative scheme explained in the previous section and
referring to the sparse SLE in Eq. (11), in this section, the formulation and imple-
mentation of the 4HSEGKSOR iterative method are discussed. To begin formulating
the 4HSEGKSOR iterative method, we recall the formula of standard full-sweep
SOR iterative method. For A = D − L − V (D diagonal, L strictly lower, V strictly
upper triangular), the SOR method in matrix form as defined by [26–28]

U (κ+1)
SOR = (D − ωL)−1[(1 − ω)D + ωV ]U (κ) + ω(D − ωL)−1F, (12)

and then refer to [21] for the full-sweep KSOR iterative methods written in matrix
form as

U (κ+1)
K SOR = [(

1 + ω∗)D − ω∗L
]−1(

D + ω∗V
)
U (κ)

+ [(
1 + ω∗)D − ω∗L

]−1(
ω∗F

)
(13)
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00 x= 10 12 14 16x x x x 18 20 22 24x x x x 26 28 30 32x x x x
2 4 6 8x x x x

Fig. 3 Implementation of the 4HSEGKSOR at the solution domain for m = 32

Here we wanted to highlight on the domain of relaxation factors ω∗ of KSOR
iterative method, which has been extended to ω∗ ∈ R − [−2, 0], versus ω ∈ (0, 1]
for the classical SOR iterative method.

Figure 3 shows how the block iterative methods were imposed on the half-sweep
grid-point by grouping it into four points (4 × 4) block each. Here, we can see
that blocks of four-point and three-point are formed. The four-point HSEGKSOR
iterative method is applied onto the four-point blocks, whereas the last three-point
block is treated as an ungrouped case. This process is then iterated until it converges.

Hence, the formulation of 4HSEGKSOR method of the four-point blocks at i =
2, 10, 18, . . . , N − 14, given in general form as

⎡

⎢⎢⎣

Ui, j

Ui+2, j

Ui+4, j

Ui+6, j

⎤

⎥⎥⎦

(κ+1)

= 1

(1 + ω∗)

⎡

⎢⎢⎣

Ui, j

Ui+2, j

Ui+4, j

Ui+6, j

⎤

⎥⎥⎦

(κ)

+ ω

(1 + ω∗)
∗

⎡

⎢⎢⎣

ri 1 0 0
qi+2 ri+2 1 0
0 qi+4 ri+4 1
0 0 qi+6 ri+6

⎤

⎥⎥⎦

−1⎡

⎢⎢⎣

S1
S2
S3
S4

⎤

⎥⎥⎦ (14)

where

S1 = Xi, j − qiUi−2, j , S2 = Xi+2, j ,

S3 = Xi+4, j , S4 = Xi+6, j −Ui+8, j .

Meanwhile, for the ungrouped three-point block, the last block at i = N − 6
(3HSEGKSOR) method is given in general form as

⎡

⎣
Un−5, j

Un−3, j

Un−1, j

⎤

⎦
(κ+1)

= 1

(1 + ω∗)

⎡

⎣
Un−5, j

Un−3, j

Un−1, j

⎤

⎦
(κ)

+ ω∗

(1 + ω∗)

⎡

⎣
rn−5 1 0
qn−3 rn−3 1
0 qn−1 rn−1

⎤

⎦
−1⎡

⎣
Sn−5

Sn−3

Sn−1

⎤

⎦ (15)

where
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Sn−5 = Xn−5, j − qn−5Un−7, j , Sn−3 = Xn−3, j , Sn−1 = Xn−1, j −Un+1, j+1.

while qi = αi
γi
, ri = βi

γi
, and Xi, j = Fi, j

γi
.

Thus, Algorithm 1 gives the summary on the implementation of Eqs. (14) and
(15) for the 4HSEGKSOR iterative method.

Algorithm 1 4HSEGKSOR scheme

1. Initialize U (0)
j ← 0 and ε ← 10−10,

2. Identify the optimal weightage values of ω∗,
3. For i = 2, 10, 18, . . . , N − 14, from Eq. (14) calculate the 4-point group,

For i = N − 6, from Eq. (15) calculate the ungroup case.

4. Perform the convergence test,
∣∣∣U (κ+1)

i, j −U (κ)
i, j

∣∣∣ ≤ ε. If yes, go proceed to step

(5). Otherwise rerun step (3).
5. Display approximate solution.

4 Numerical Experiment

In this study, three numerical experiments of 1D time-fractional parabolic equations
problem were considered for effectiveness verification of the proposed methods.
As comparison purposes, three components have been considered, which are the
number of iterations, time of execution and maximum absolute error to measure the
performance of the 4HSEGKSOR over the other two KSOR point-iterative methods.
Following are the examples, which the tolerance of error has been set to ε = 10−10.
The tested problems are considered in the following form:

⎧
⎪⎪⎨

⎪⎪⎩

∂αU (x,t)
∂tα + C1(x)

∂U (x,t)
∂x + C2(x)

∂2U (x,t)
∂x2 = f (x, t), t > 0, x ∈ R, α ∈ (0, 1),

u(x, 0) = g0(x), 0 < x < 1
u(0, t) = g1(t), t > 0,
u(1, t) = g2(t), t > 0,

(16)

Example 1 Consider the TFPE problem (16) with C1(x) = 1, C2(x) = −1 and the
following additional data [29]:

{
f (x, t) = 2t2−α

�(3−α)
+ 2x − 2,

g0(x) = x2,

The exact solution is u(x, t) = x2 + t2.

Example 2 Consider the TFPE problem (16) with C1(x) = 0, C2(x) = −1 and the
following additional data [30]:
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{
f (x, t) = 2t2

�(3−α)tα sin(2πx) + (
4π2t2

)
sin(2πx),

g0(x) = 0,

The exact solution is u(x, t) = t2 sin(2πx).

Example 3 Consider the TFPE problem (16) with C1(x) = 0, C2(x) = −1 and the
following additional data [31]:

{
f (x, t) = 2ex t2

�(3−α)tα − ex/t−2,

g0(x) = 0,

The exact solution is u(x, t) = ex
/
t−2.

Hence, based onfive distinctmesh sizes (m=128, 256, 512, 1024, 2048), Tables 1,
2 and 3 recorded the results of the 4HSEGKSOR method for the tested problems.

Based on the numerical outputs generated from the tested examples as depicted
in Tables 1, 2 and 3, the improvement of the convergence rate after the application
of 4HSEGKSOR method in contrast to the FSKSOR and HSKSOR point iterative
methods are summarized in Tables 4 and 5.

5 Conclusion

In this work, we discussed the implementation of the 4HSEGKSOR method in
solving the Grünwald implicit difference approximation equations. Observed from
the experimental results, applying half-sweep iterative concept to the regular full-
sweep KSOR iterative method has indeed improved the FSKSOR point iterative
method. Meanwhile, the performance of HSKSOR iterative method has improved
even further upon extended application of the block 4HSEGKSOR iterative method.
This led to the conclusion, that the efficiency of 4HSEGKSOR iterative method is
undoubtedly better, in terms of the number of iterations and the time of computation
than both FSKSOR and HSKSOR point iterative methods. In the meantime, in terms
of accuracy, the numerical solutions of 4HSEGKSORmethod are in good agreement.
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Table 4 Number of iterations (Iter) and computational time depreciation rate of the HSKSOR
versus FSKSOR iterative methods

Example α = 0. 333 α = 0. 666 α = 0. 999

1 Iter 49.00–50.74% 49.79–50.53% 48.19–49.92%

Time 41.25–58.54% 39.87–54.94% 40.45–49.93%

2 Iter 47.92–49.87% 46.59–49.48% 41.67–50.52%

Time 42.72–56.10% 41.09–52.53% 39.84–47.23%

3 Iter 49.68–50.59% 49.72–50.85% 48.26–49.93%

Time 41.46–58.87% 41.21–54.64% 40.19–48.76%

Table 5 Number of iterations (Iter) and computational time depreciation rate of the 4HSEGKSOR
versus FSKSOR iterative methods

Example α = 0. 333 α = 0. 666 α = 0. 999

1 Iter 74.75–75.32% 74.91–75.77% 74.10–75.82%

Time 42.50–64.03% 41.48–59.57% 42.04–53.71%

2 Iter 75.46–88.02% 74.62–88.21% 72.92–88.17%

Time 44.27–63.27% 42.49–58.82% 41.13–51.70%

3 Iter 75.41–87.89% 75.25–87.99% 75.00–87.81%

Time 42.09–66.60% 41.53–61.11% 41.16–53.99%
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Fake News Detection

Si Hong Long and Mohd Pouzi Bin Hamzah

Abstract Everyday people receive a lot of information through social media and
online news portals. To distinguish whether the information is fake or true is a big
problem. An algorithm has been developed to distinguish fake news and true news
by searching the relevant news from reliable news website based on the news given.
This results in the similarity percentage between news and the relevant news. The
algorithm has been tested with the dataset collected by Dr. Victoria L. Rubin that
consists of 180 true news and 180 fake news from several American and Canadian
news websites. The precision of 69.44% has been achieved with the dataset.

Keywords Fake news · Cosine similarity · Natural language processing

1 Introduction

The meaning of fake news is false stories that appear to be news, spread on the
internet or using other media, usually created to influence political views or as a
joke. Nowadays the amount of fake news keeps increasing especially news regarding
Covid-19, but people cannot distinguish between the true and fake news. In large
part, a deeper concern that the prevalence of “fake news” has increased political
polarization, decreased trust in public institutions, and undermined democracy [1].
An example of fake news such as in 2016, a Facebook post about nationwide order
banning The Pledge ofAllegiance in schools in theUnited States that had been signed
by President Obama was shared and commented upon a total of 2.2 million times on
Facebook [2]. There are two examples of fake news that happened in Malaysia that
have been reported in New Straits Times. First, the news regarding PT3 papers for
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subject English, Mathematics, Science and Integrated Living Skills reported leaked
[3]. Second, the news regarding October beer festival in Terengganu [4].

The type of fake news can be divided into four types which are actual “fake news”,
satire news, poorly reported news and misleading news. The actual “fake news” are
stories that are completely made up and do not happen in the world. Satire news are
fake articles that are meant for humour and without prove. Poorly reported news is
news that are reported badly but not completely made up. The misleading news are
news that try to change the perspective of readers toward a topic [5].

People are receiving information every day, but they do not have the ability to
recognize the fake news. An exclusive Ipsos poll conducted for BuzzFeed News
found that 75% of American adults who always use Facebook as the source of news
are likely to believe fake news headline than thosewho do not use Facebook as source
for news [6]. According to estimate made by police and by local community leaders,
86 to 238 Berom ethnic minority were killed in Gashish between 22 and 24 June
2018, just because a fake Facebook news posted by a man in United Kingdom that
Fulani Muslims were killing Christians [7].

In order to overcome the problem stated above, there is a need to develop an
algorithm that can help people to distinguish fake news and true news by comparing
the news from user with several reliable news website and give the related news from
reliable news website as references to the user.

2 Related Work

Sirajudeen et al. [8] proposed three-phase method to detect online fake news that
use java programming language. The first phase is checking IP validity. The second
phase is checking the content of the information of online news such as article, title,
author and background information of the article with a database that contain the
verification information. The third phase is to determine the status of fake news based
on result from two previous phases. Another approach proposed by Gahirwal et al.
[9] is by comparing the headlines and compare news article with top search. Feyza
and Bilal [10] proposed a two-step method for identifying fake news in social media
and the method was tested on three real data sets in terms of different evaluation
metrics.

Granik and Mesyura [1] proposed an algorithm making use of naïve Bayes clas-
sifier. This approach achieved accuracy approximately 74% on test set. They found
that spam messages and fake news article have common properties like a lot of
grammatical mistakes, emotionally coloured, often use same set of word and affect
reader’s opinion on some topic in manipulative way. The main idea is to treat each
word of the news article independently. Wei and Wan [11] introduced a method that
uses class sequential rules (CSR) and basic features (body-independent features)
extracted from headline to train support vector machine (SVM) classifier. They also
add body dependent features such as Informality, Sentiment, InformalGap, sentiGap,
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Similarity, Recognizing Textual Entailment (RTE) to train SVM. The SVM toolkit
is from the scikit-learn.

Ahmed [12] introduced feature extraction using term frequency (TF) and term
frequency-inverted document frequency (TF-IDF). Other features are keystroke such
as editing patterns and timespan, n-grams features and semantic similarity. The
experiments involve six different machine learning algorithms which are Stochastic
Gradient Descent (SGD), K-Nearest Neighbour (KNN), Logistic Regression (LR),
Decision Tree (DT), Support Vector Machines (SVM) and Linear Support Vector
Machines (LSVM). The experiment also studies the impact of n-grams size on perfor-
mance. Total of four experiment were carried out. From the first experiment, Linear-
based classifiers such as Linear SVM, Logistic regression and SDG yield better
result than nonlinear methods. The accuracy increases as number of feature values
increase. As the size of n-grams increases, the accuracy will decrease. The perfor-
mance for TF-IDF is better than TF. KNN achieve lowest accuracy which is 47.2%
with 4-g word and 50,000 feature values. From the second experiment, they found
that Linear-based classifier is still better than nonlinear as Linear SVM achieved
accuracy as 92%. The performance of Linear SVM is not affected by number of
feature values, but as size of n-gram increase the accuracy decrease. From the third
experiment, they found that keystrokes feature with n-gram yielded better accuracy.
From the fourth experiment, they found that as the percentage of change increase the
semantic measurement decrease.

Most of the researchers use artificial intelligence in online fake news detection.
In our work, we propose a new approach by comparing news article from the user
and the articles from reliable news sources.

3 Methodology

Figure 1 shows the algorithm of fake news detection system. The headline, article
or URL are provided by the user as an input to the system. Then the article and the
headline will be extracted from the webpage. Next, all related article will be retrieved
from the reliable news website based on the headline. Then data pre-processing such
as lemmatization, stopword removal will be carried out. After the pre-processing, the
algorithm proceeds with the calculation of the Term Frequency-Inverted Document
Frequency (TF-IDF) and cosine similarity between news. Finally, percentage of
similarity will be displayed.

3.1 Lemmatization

Lemmatization is to improve the performance of natural language processing by
generating the word into its root word. For example, playing, plays and played after
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1) Get article, headline or URL from user.
2) If user use headline and article to check news, then use headline as key-

words to find similar news. 
3) If user use article only to check news, if the length of article longer than 

20 word, use first 20 word as keywords to find similar news.
4) If user use URL to check news, extract headline and article from given 

URL, use headline as keywords to find similar news.
5) Remove all the punctuation from keywords and declare article as String.
6) Declare three list all_news_article, reference_list and all_news_url.
7) Pre-process article and add to all_news-article list.
8) Replace all the space in keywords with symbol “+”.
9) Find all the URL link that relate with keyword from reliable news web-

site with web scraping and add into all_news_URL list.
10) Extract all article and headline from all the URL in all_news_URL list, 

then add pre-process article into all_news_article, and add article, head-
line and URL into reference_list.

11) Calculate Term Frequency-Inverted Document Frequency.
12) Calculate cosine similarity.
13) Convert cosine similarity into percentage with 2 decimal places.
14) Add similarity to reference_list and sort list in descending order base on 

similarity.
15) Find the similarity of first news in reference list if more than or equal to 

70, then delete the rest of news in reference_list.
16) If first news in reference_list not equal to 0, check the news with 0 per-

cent similarity and delete it.
17) Calculate average similarity from reference_list.
18) If average similarity greater or equal to 70, then status is “The news is 

true”.
19) If average similarity smaller then 70, then status is “The news is not reli-

able”.
20) Display the average similarity, status and news in reference_list to user. 

Fig. 1 Fake news detection system algorithm

lemmatization will become play. All the lemmas are the English words that can be
found in dictionaries.

3.2 Stop Words and Punctuation Removal

Stop words are the words that do not provide important information to document and
common to most documents. Stop words will decrease the performance in natural
language processing. The example of stop words are ‘as’, ‘the’, ‘be’, ‘are’ and etc.
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Lemmatization Playing, Plays, played play

Fig. 2 Example of lemmatization

Like the stop words, the punctuation is not important in natural language processing
and it will affect the performance. The example of punctuations are (?, !, ;, :, ‘, “).

3.3 Term Frequency-Inverted Document Frequency
(TF-IDF)

In information retrieval, TF-IDF is a numerical statistic that is intended to reflect
how important a word is to a document in a collection or corpus (Fig. 2).

In mathematical representation, TF-IDF = TF * IDF which is term frequency
multiply with inverted document frequency. The formula for Term frequency is the
number of aword appear in a document divide the total number ofwords in document.
The formula for Inverse document frequency is the total number of documents in
corpus by document frequency for each term and apply logarithmic scaling on the
result.

TF− IDF = A

B
×

(
1+ log

C

1+ D

)
(1)

where A represents the number of a word appear in a document, B represents the
total number of words in a document, C represents total number of documents in
corpus and D represents number of documents a word appears.

3.4 Cosine Similarity

Cosine similarity is used to measure the cosine angle between two terms as they
represented in their vectorized forms andnon-zero positive vectors in an inner product
space. The term vectors are close to each other and in the same direction, thus the
score is closer to 1 (cos 0°), mean they are similar. If the term vectors score close to
0 (cos 90°), mean they are not similar. Term vectors score close to −1 (cos 180°),
mean they are unrelated, and they are in opposite direction to each other.

Cosine similarity are dot product of the two term vectors u and v, divided by the
product of their L2 norms. Themathematically representation of dot product between
two vectors as shown in Fig. 3.
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Fig. 3 The formula for
cosine similarity. Source [13]

u · v = |u||v| cos(0) (2)

The cosine similarity can be derived from the above formula where ui represents
the various features of term vector u, vi represents the various features of term vector
v and n represents the total number of features.

3.5 Dataset

The dataset used in this research was collected by the Language and Information
TechnologyResearchLabdirected byDr.VitoriaRubin,WesternUniversity, London,
Ontario, Canada [14]. The dataset consists of 360 news from several United State
and Canada news websites. The dataset is divided into two sets.

Set 1 consists of 240 articles in which 120 out of 240 articles are legitimate, and
the remaining articles are satirical. The legitimate news set is collected from The
New York Times of United State and The Toronto Star of Canada. The satirical news
set is collected from The Onion of United State and The Beaverton of Canada.

Set 2 consists 120 articles, half of it is legitimate and the others are satirical. The
legitimate news set is collected from USA Today, The Wall Street Journal, The Los
Angeles Times, The New York Post, Newsday, The Denver Post of United State
and The Globe and Mail, The Vancouver Sun, The Calgary Herald, The National
Post, The Edmonton Journal, The Hamilton Spectator of Canada. The satirical news
set is collected from The Daily Currant, The Spoof, The National Report, The
People’s Cube,World News Daily Report, Urban Anomie of United State and CBC’s
Punchline, The Codfish, The Lapine, The Syrup Trap, Sage News of Canada.

3.6 Evaluation

To evaluate the performance, precision has been used as ameasurement. The calcula-
tion of precision is using #(true_positive) divided by #(true_positive, false_positive).
#(true_positive) is the number of news correctly classified by the approach.
#(true_positive, false_positive) is the total number of news in the dataset. The formula
is as shown below
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Precision = #(true posi tive)

#(true posi tive, f alse posi tive)
(3)

4 Results and Discussion

Dataset consists of 360 news; 180 news are legitimate (true news) and 180 news are
satirical (fake news). After testing with the dataset, the algorithm is able to classify
correctly all the fake news but can only classify correctly 70 out of 180 for true news.
An average precision of 69.44% is achieved with the dataset.

5 Prototype

The interfaces of prototype are as shown in Figs. 4 and 5. Figure 4 is the input
interface for the prototype. There are two section and one button in this interface
which are checking news by using and related information about the news. The user
can choose either by using URL only, article only or both headline and article for
checking the news.

The result of news checking is as shown in Fig. 5. The result interface will show
six information. The similarity between the news provided by user with the news
from pre-defined reliable news sources. The comment either the news is fake or
true. The headline, article, URL and similarity of news from reliable news sources

Fig. 4 The input interface
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Fig. 5 Result interface

related to user news if available. If no related news from reliable news sources, then
the prototype will show an alert box with content ‘Sorry that we cannot find news
related to your topic. Your news has high probability of FAKE NEWS’.

6 Conclusion

The fake news tries to change the reader perspective toward a specific topic. We
had proposed an algorithm to detect fake news by comparing headline and article
with several reliable news website. Our algorithm can achieve a precision of 69.44%.
There are three suggestions to improve the algorithm. First, is to increase number of
reliable newswebsite, so that comparison can bemadewith higher accuracy. Second,
the algorithm can detect the place and from the place name fake news detection can
be localized. This can limit the news sources and speed up the time needed for
checking. For example, if Kuala Lumpur is stated in the news article, the algorithm
will identify the country as Malaysia and will then retrieve the reliable news from
websites in Malaysia such as The Star Online to classify the news provided by the
user.
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A Literature Review on Text
Classification and Sentiment Analysis
Approaches

Wang Dawei, Rayner Alfred , Joe Henry Obit, and Chin Kim On

Abstract Sentiment analysis is an important branch task of text classification and
the related system usually is applied to in perception of user emotion and public
opinion monitoring. By comparison, the text classification can be applied to more
fields than sentiment analysis. In the system architecture, same as text classification,
the complete classification systemmainly contains data acquisition, data pre-process,
feature extraction, classification algorithmand result output. TheWebcrawler usually
be used in first step, the URL Link, hashtags, Non-Chinese text should be removed
in second step. In feature extraction, the IG, TF-IDF, Word2vec usually be used.
Then, the SVM, Naive Bayes, KNN or Neural network algorithm usually be used in
classifier. Furthermore, as a system that can run automatically, the sentiment analysis
system should be able to extract significant feature from corpus and make accurately
analysis about emotional polarity of text corpus. At present, the system improvement
direction of related system focuses on 3 aspects: data acquisition, feature extraction
and classifier algorithm.
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1 Introduction

In information era, the development of Web2.0 is very speed, it encourage people
issue their content on the social media and comment to other people’s content, so,
users in social media not only search information, but also generate novel content [1].
In China, Sina Weibo is a one of famous online social network. It incorporated the
benefits of multiple social media such as blogs, traditional website, and online forum.
According to official statistic, in 2018 years, nearly 70 million people each month
become active user on Weibo and the total user on Weibo has reach to 462 million
in December 2019 already. In addition, it is should be noted that daily active user of
Weibo is 200 million in 2019 and the number is 28 million more than 2017 [2].

In aboard, as the number of social media site increased, for example, Twitter and
Instagram have more meanings instead of only a website, which save user’s content
[3]. It shows that the social media is more and more important. Just as X. Yang said:
in information ear, twitter has a great ability to feel people’s emotion at any time
through huge UGC (user generate content) and even the enterprise development,
government can be affected by Twitter [4]. Hence, more tools were generated for
making further data mining and analysis about the Web text. Among them, the text
classification system is a kind of tool that can make full use of the user’s content.
Meanwhile, text classification canmake people liberate fromheavywork ofmanually
[5]. Sentiment analysis was also introduced in health care using natural language
processing (NLP) [6]. In essence, sentiment analysis is also text classification, but
its mission objective is different from text classification. There are both similarities
and differences between the two systems. Detailed understanding these can better to
help us carry out the next step of research work. So, the following research questions
will be focused in the paper:

1. RQ1: In application area, what actually each part in text classification system
and sentiment analysis system?

2. RQ2: What is the proposal in next step of research about related system?

In general, a typical text classification system always contains data input, data
pre-process, feature extraction, data classification and result output. Thus, the perfor-
mance of the text classification can be improved by improving the processes involved
in these five modules. In this paper, a comprehensive review about text classifica-
tion system will be reviewed. It is hoped that this review can assist researcher to
understand about the current text classification system.

2 Literature Search

In information era, the social media has more and more important and has produced
significant influence on many aspects of human society. Just as [7] said: in last
ten years, social media has become an important role for accessing and transmit
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information in many fields, business for example, entertainment, science and crisis
management and so on [8]. Thus, performing social media data analysis has higher
value than before.

For the types of data, social media platform allows user to post variety data types
such as text, picture, video, sound and geolocation [9]. Most of the social media data
are in the form of texts format [3]. Thus, the text data on social media still has huge
influences on our daily decision making [10].

2.1 Database Selection

China National Knowledge Infrastructure (CNKI) is the largest database of Chinese
academic articles [11]. IEEE Xplore database mainly includes engineering articles
and it certainly is the main search platform of text analysis system. In addition,
the Science Direct database is an important database also. The databases and fields
considered are listed in Table 1.

Firstly, the “text classification system” was used as the search keyword in CNKI
and the returned result was 715 articles. Then, all of papers are then filtered according
to the relevancy of the articles. It should be noted that some English journals were
input in CNKI recently years. So, 249 English papers were in the original result.
Through checking, in Chinese article, some articles that focus on Tibetan, Uighur
were remove and some article that unrelated to search keyword were remove. There
are 401 articleswere kept. In English article, there are 52 articleswere kept. Secondly,
the “sentiment analysis system” was used as the search keyword in CNKI, the field
is theme also. The returned result is 286. There are 190 articles were kept after
checking.

In IEEE Xplore, the “text classification system” was used as keyword in search.
The returned result in journal and magazine is 434. The paper thinks that the number
of articles is enough to show the research situation about text classification system.
There are 370 articleswere kept after checking.Then, the “sentiment analysis system”
was used as key word in search in IEEE Xplore. The returned result in journal and
magazine is 218. There are 133 articles were kept after checking.

Table 1 Keywords and databases which were used for the review

Search terms Databases Fields

“Sentiment analysis” AND System CNKI Theme

OR “text analysis” IEEE Xplore

OR “text classification”
OR “sentiment classification”
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3 Comparative Study

3.1 Papers

Take the number of related issued paper in CNKI as example. There are 453 arti-
cles are related text classification system and only 190 articles are related to senti-
ment analysis system. It shows that in spite of both belong to text classification, the
researcher of text classification system is muchmore than sentiment analysis system.
Furthermore, the situation reveals that the application field of text classification
system is more extensive than sentiment analysis.

3.2 Text Classification and Sentiment Analysis

As one of important web tool, text classification system was generated and been
widely application. Furthermore, the system includes the follow characteristics:

Automation Running Text classification system usually is used in public opinion
monitor, E-commerce and news classification. The related text was obtained from
web. Before classification, the text data will be through preprocessing, word segmen-
tation, then, processed data will be make classification and output [12]. Thus, firstly,
the system is automated, and it can get data automatically. Then the text processing,
feature extraction and result output can be automated running also.

Range of Applications A classification system for quality assessment has been
designed to handle ambiguities of texts [13]. A text analysis system has also been
designed to detect cyber terrorism based on the contents of the web documents
containing the information related to cyber terrorism [14].

A text classification system has also been designed and implemented to analyze
social media contents to detect earthquake related text [15]. The basic flow is that
usermay download the reports of earthquake area, assessment report and background
report fromofficialwebsite. Then, the systemclassifies the documents into three types
of documents based on keyword classification of Boolean model.

A text classification system has also been designed to analyze literature [16].
The article proposed a solution that combines library and classifier. The “Chinese
Library Classification” was treated as standard of classifier parameter in the article
for extracting subject related word and the kernel function was used in k-NN for
solving the overlap boundary problem, classifier’s precise decision problem. So, the
engineering and social science is well integrated in the article. Therefore, the text
classification system has been application in many fields.

In [17], according to the investigation of professional organizations at home and
abroad in recent years, it is shown that the reviews provided by the common online
shoppingusers play an important role in the purchase decisionof potential consumers.
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Fig. 1 The structure of text classification system [21]

These reviews are important basis for the potential consumers to decide on whether
to buy or not. So, a deep learning model was proposed in the article to perform the
classification of emotional polarity for improving user experience.

In [18], a sentiment analysis system was used to monitor the public opinion in
industries and provide guidance channel to help people who in need of the industry.
In [19], theWeChat was as research object. In the article, a novel intelligent customer
service system is designed and developed based on sentiment analysis technology.
The dialogue (text) in WeChat between system and customer can be acquired and
analysis in real time and user sentiment can be perceived, analyzed.

Structure of Text Classification System A classification module has been devel-
oped to processmassive short text [20]. There are twomain interfaces includedwhich
are system administrator and user interfaces. The administrator of the system can
access system, upload corpus, configure parameters of classifier, model training and
service generate. User of the system can input short text and can get answer from the
system. In addition to that, other modules in the system contain text representation
and text classification modules. The basic structure can be visualized as shown in
Fig. 1.

Figure 1 illustrates a typical structure in the classification system, and it can
be designed and implemented to have a man-machine dialogue with user for text
classification. A text classification system has been proposed that can be applied to
analyze users’ comments. Somecomponents of themain system include the front end,
classifier and corpus database. The training data used in the system is obtained from
the expert classification systems andTermFrequency—InverseDocument Frequency
(TF-IDF), k-Nearest Neighbors (k-NN) and language model (LM) were used to
perform the classification task [22]. Therefore, a basic text classification system
should always contain text acquisition, classifier and panel to show the results. In
addition to that, administer should be able to adjust the values of parameters of the
classifiers in order to get better results.

Sentiment Analysis System Sentiment analysis can be used to gauge the polarities
of some products or issues [23–25]. A sentiment analysis system can be designed
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that contains a web crawler, a data pre-process, a classification module and finally
produces the result of the text classification. The main objective is to discover the
sentiment polarity about user comments about certain products or concepts and these
comments are mainly obtained from business web page [26]. This sentiment analysis
system was designed not limited to sentiment analysis. It was a complete structure
for operation and implementation of the entire system. The web crawler was used to
download text data from special Web page to data warehouse and the Hadoop and
Spark were used to do the big data analysis of the crawled text documents.

A unique sentiment classification model was also designed to analyze real-time
public sentiments obtained from the Twitter related to the 2012 U.S. presidential
candidates [27]. Twitter comments usually full of emotional text, so, they are very
suitable to be used as resources for investigating the performance of the sentiment
analysis tools. There are 4 basic modules in the system also, they are data acquisition,
data process, data classification and result display. But there is some adjustment in
the system architecture. Firstly, the style of result display is aggregate by candidate.
Actually, it can be decided by the need of system design. Secondly, a baseline senti-
ment model was create by the system and used Amazon Mechanical Turk (AMT) to
get as varied a population of annotators as possible [27].

In the above articles, the complete system basically has automatic function of data
acquisition and processing. It has similar functions as the text classification system.
But the application field of these two kinds of system is different. The application
filed of text classification system is more widely than sentiment analysis.

4 Data Acquisition Module

Internet is the main source of text data and web spider or other grab tools can be
used to crawl and obtain its content [28]. Web crawlers are usually used in the data
acquisition process and it is the first step in sentiment analysis system. Crawler is a
kind of automatic program and the general structure of crawler is shown in Fig. 2.

The general web crawler accesseswebpage according to predefined seedURL and
download customized content. Then, the page parsing will remove the html tag and

Fig. 2 Architecture of
general web crawler [29] Download module URL Queue

Page parsing URL Database

WEB Database
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keep the abstract, URL in Web database. Meanwhile, the next URL will be extract
until reach the certain stop conditions of the system. In a word, for sentiment analysis
system, the process of accessing page is that traversing text information from social
media.

A practical distributed crawler has the following characteristics [30]: (1) a
complete code of web crawler should be used in many web page and many repetitive
work must be contained in each web crawler for increasing efficiency and easy to
management. (2) Easy to be extend. For each of new target website, the number of
codes in web crawler is not many and do not need to change the level of source code.
(3) Fault tolerance is high. The distributed web crawler can craw data from multiple
webpage at the same time. In the situation, the probability of program error is high.
So, the log monitoring should do well.

In practical system design, not all of system hasWeb crawler module. Data acqui-
sition module was adopt in [26, 31–34] and there are 3 sentiment analysis systems,
2 text classification systems.

4.1 Demands Difference

The function of classification system is determined by actual requirement. In general,
the sentiment analysis has to get data from social media, but, the text classification
system has more extensive access to text. Thus, in [34], it is a classification system
of call center and all of data to be classified has been stored in the internal database
of the unit already. So, Web crawler is useless in the system and the ETL (extraction-
transformation-loading) was used to extract text data from internal databases of the
unit, so, there is no extranet data in the system and no need to Web crawler. But it is
obviously that Web crawler is the mainstream technology of system to get data from
outside.

4.2 Degree of Perfect About Software is Different

Metrics to measure web crawlers contain control of download speed, Update in
time, avoid repeated crawl and automatic parsing. The Web crawler in [26] can
make policies of queue allocation and assign uniform URLs to different queues for
ensuring the efficiency ofmulti process and the ELFHash algorithmwas used in here.
In addition, the .zip, PDF, Word and.exe files will not be download by the crawler.
In [31], the system has a Web crawler that just has basic function and it is single
process. In [32], the crawl module can be operated by administrator and MD5 was
used to store the text for reducing the amount ofmemory, garbled and easy storage. In
[33], the threading library in python was used to implement the Web crawler and the
request header was forged for preventing blocked by server, because, multiple crawl
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to same website in a short period of time will trigger the anti-pickpocket mechanism
of the website.

So, the basic function of a perfect Web crawler should contain faster download
speed, human-computer interaction and Robustness. In addition, it is should be noted
that Web crawler module is not the necessary part in classification system, actually,
what the system needs is just a data acquisition tool and there are other ways to get
data, ETL, for example.

5 Relevant and Irrelevant Features

Text preprocessing is the first step in Chinese text classification. In general situation,
there are some texts that can be considered as noise in the texts documents [35]. Short
text also consists of structured and unstructured data, which must be pre-processed
before the classification task is performed [36]. Finding a good approach for data
cleaning for conducting analysis smoothly is also important. As the data is collected
fromvarious sources, so it contains noise and ambiguity [37]. So, in general situation,
the quality of text preprocessing algorithms has a huge influence on the quality of
output produced by the text analysis process [38].

URL Link Twitter and Weibo platforms allow user to share posts and these include
the URL links, @username. Most researchers may consider that the URLs do not
contain any information regarding the sentiment of the tweet [39].

Hashtags All the private usernames identified by @user and the hashtags identified
by the # symbol should be removed.

Traditional Chinese Texts In text preprocessing, the traditional Chinese word in
short text should be transferred of simplified to simple Chineseword. In addition, few
users use traditional Chinese to post in social media. Filtering all the non-Chinese
texts, which means all of number, English letter and garbled code in Chinese short
text should be removed.

Emoticons Emoticons in short text are provided by the Weibo platform for
improving sentiment expression. For instance, the emoticons shown in Fig. 3 can be
used by users on socialmedia to show some kinds of polarity in the texts for sentiment
analysis [40]. Therefore, the emoticons should be reserved in data pre-process.

Fig. 3 Emoticons
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Word Segmentation One of the main objectives of text preprocess is to improve
accuracy of the word segmentation and the segmentation’s accuracy can directly
affect the subsequent information extraction from the text. Chinese word segmen-
tation is an important step in NLP and it almost become the standard treatment
approach in all of related tasks, such as text retrieval, speech recognition, automatic
translation [41]. Furthermore, Chinese words are not separated by space and there is
a lack of morphological marker in Chinese sentence. Word segmentation algorithms
can be divided into three categories: based on string matching, based on meaning
and based on statistics [42].

6 Text Features Selection

Text feature extraction can be used to extract text information features and can
reveal additional meanings of text [43]. The most common benchmarks used include
information gain, mutual information and chi square statistics.

6.1 Information Gain (IG)

Information gain is also called mutual information. It is a kind of method that is
based on information theory. The information theory is proposed by Shannon and it
uses the method of dividing data set to regularize the disordered data.

6.2 Mutual Information

The degree of correlation between feature item t and category Ci was used to make
select about text feature. The value of calculation result is greater, the t and Ci are
more related. The formula is as follow:

MI (t,Ci ) = log2
A∗M

(A + C)∗(A + B)
(1)

In the formula, N refers to total number of texts in corpus; A is the number of
categoryCi text that contain t;C is the number of categoryCi text that do not contain
t.
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6.3 Cross Entropy (CE)

Cross entropy also was call KL distance and it represent the distance between prob-
ability distribution of the text category and the probability distribution of the text
category that a certain feature appear [24]. The related formula is as follow:

CE(t) = p(t)
|c|∑

i=1

p(ci |t) log p(ci |t)
p(ci )

(2)

In the formula, p(t) is probability of feature t appearing in text. p(Ci) is the
probability of Ci text appearing in the corpus. P(Ci|t) is the probability of belonging
to category C when the text contains feature t.

7 Calculation of Feature Weights

7.1 BOW (Bag-Of-Word)

Bag-of-word is used to express the text feature. In information search, theWord order
and grammar was ignored in BOW and just treats them as a set that contains several
words. In the text, each word is unrelated, and the appearance of each word are not
based on other word. That means, no matter where any word appear in the model, it
will not be affected by any other factors [44]. The text analysis will convert these text
representations into a numerical form that can be processed by any machine learning
(ML) algorithms.

One-Hot Coding One-hot coding is also known as one valid code. It uses N-bit
status of register to make code to N States. Each state has its independent register
bits and only one-bit is effective in any time. In here, the register, small storage area,
is used to storage calculation data in CPU [45]. A latch in register can storage 1
binary number, so, N triggers can storage N-bit code of binary. That means that only
1 activation point at one time.

TermFrequency-InverseDocumentFrequency (TF-IDF) Term frequencymeans
the number of times that a word appears in the text and the number is usually
normalized.

t fi, j = ni, j∑
k nk, j

(3)

In the formal, nn, j is the appearance time of the word ti in the text d j . The
denominator is appearance time of the word in d j . The IDF was used to measure
universal importance of the word. The t f id fi, j = t fi, j × id fi . Therefore, some high
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frequency words in a special document and the frequency of low file that contains
the word in entire corpus can generate TF-IDF of high weight.

Word2vec Word2vec was generated by Google at 2013 and it is based on deep
learning. Its main function is that applying neural network algorithm to seek a
continuous space vector for word representation [46]. Word2vec contains CBOW
(Continuous Bag of Words) and Skip-Gram. The CBOW likelihood function gives
the most likely word which appears with a context. The term skip-gram is an abbre-
viation for k-skip-n-gram from which n-gram can be a particular case for k = 0. In
other words, skip-grams are a generalization of n-grams [47].

The above mentioned approaches in text feature extraction were widely used
in various classification systems. In [43], the word2vec was used to represent the
ChineseWeibo text and the Max pooling layer of CNN as classifier. In related exper-
iment, the accuracy obtained was approximately closed to 96.09%. But, the approach
of data washing was not mentioned by the paper. In [6], The main function of feature
selection model is that use efficiently ML approach where feature selection tech-
niques are adapted incrementally to select more appropriate concrete features based
on healthcare tweets and its corresponding ground truth labels. So, the BOW, TF-IDF
and LSI were used to make feature extraction. In related experiment about twitter,
the accuracy obtained was closed to 97%.

Amore standard process of text preprocesswas applied in [36] related to Facebook
text and the steps in the paper contain sentence segmentation, word stemming, POS,
stop words removal and termweighting, then, the TF-IDFwas used in the paper also.

In [39], a comparative study was made about some methods of data preprocess
about Twitter text and the result show that The experiments results show that the
accuracy and F1-measure can be improved when expanding acronyms and negation
replacement were used. But the experiment result barely improves when removing
URLs, removing numbers or stop words in data pre-process.

A novel improved Fast Correlation-Based Filter (FCBF [48]) solution was
proposed and Feature dimension parameters was introduced into original FCBF in
order to have better feature selection algorithm. The related experiments expressed
that the performance of the method was better than IG, DFS, FCBF [49, 50].

Next the TF-IDF is a classical algorithm and can be used in feature extraction.
Now, some novel methods were proposed such as ant colony optimization, Weight
improvement of TF-IDF and Fast Correlation-Based Filter (FCBC) and so on.

8 Classifier Module

Classification algorithm is an important module in classification system and the
performance of classification system can be determined by it in a large extent.

Logic Regression In [20], the logic regression was used to make large-scale short
text classification for text matching of FAQ system. In the article, the SVMwas used
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to make experiment for comparing with regression algorithm and the classification
accuracy of it attach to 0.821 (the SVM is 0.809). Actually, the logic regression is a
simple and practical, which is borrowed from the field of statistics. The probability of
function estimation in LR was used to measure the quantitative relationship between
dependent variable and independent variable.

Support VectorMachine (SVM) In machine learning method, the SVM algorithm
is usually used for making text classification because of its simplicity and easy
to be implemented. Particle swarm optimization can be used to improve the SVM
performances by tuning loss function, penalty parameter and kernel parameter of
SVM [51].

K-Nearest Neighbors (KNN) The advantage of KNN algorithm is that running
is stably and effectively. Its concept is also simple: Given a test document to be
classified, find the most similar document with the classified document. Then, make
classification about the document base on the category of the document. So, the k
value in the KNN always has great influence on the experimental results. In addition,
the disadvantage of KNN contain calculation is large; Prediction speed is relatively
slow; So, in [50], a kind of improve KNN was propose base on association rule. The
classification algorithm uses the association rule to choose the neighbors and the
disadvantage of traditional KNN method are avoided.

Naive Bayesian (NB) The model of Naive Bayesian classification is widely used
to solve the problem of text classification because of its simplicity, efficiency and
effectiveness [49]. The idea of the algorithm is to first calculate the prior probability
of each category, then, the posterior probability of each feature belonging to a certain
category is calculated by using Bayes theorem and the final category is determined
by the maximum estimate of posterior probability.

Artificial Neural Network With the development of computer technology, the arti-
ficial neural network algorithm gradually becomes one of the important options of
text classification technology.

Convolutional Neural Network (CNN) CNN is a kind of Feedforward neural
network with depth structure. In general, a complete neural network contains input
layer, Convolution layer, pooling layer, Full connection layer, output layer.

1. The word vectors of corresponding words in sentence were arranged in sequence
(from top to bottom). Let there are number of n word in sentence, dimension of
vector is k. So, the matrix is n * k. The type of matrix can be static or non-static.
The word vector in static is fixed. But, in the non-static, it is a parameter that can
be optimized, and the process of back error propagation is called as Fine tuning
process.

2. In convolution layer, each neuron of the output feature map is locally connected
with its input. In terms of its processing, the neural network can be used to extract
features more efficient.
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3. Thepooling layer is used to compress features and remove redundant information.
The pooling operation is performed by using the Max Pooling method [52]. So,
the main function of pooling layer is for feature dimension reduction and that
means only relevant features are extracted automatically.

4. In the full connection layer, the Softmax function was adopted to make the layer
become classifier, then the output is the results of the classification process.

Recurrent Neural Network (RNN) To be able to use historical information, Recur-
rent Neural Network (RNN)was introduced [53]. In RNN, the input data at every step
not only contains current input data but also contains hidden-layer unit data, which
has memory module’s function for saving the history information and continue to
renew with input new data.

Long Short TermMemory (LSTM) Amain problem in optimizing RNN that uses
gradient descent method is that the gradient may disappear rapidly in the process of
back propagation along the sequence [53]. Now, the LSTM was most widely used
in practical application for solving the problem of gradient disappearance. In back
propagation algorithm, the gradient disappear is not a problem, especially in long-
distance task, the LSTM is better than RNN [54]. LSTM is the same as RNN in
running mode, but, the different between LSTM and RNN is that a more detailed
internal unit was implemented by LSTM and that unit can store information longer.
In t time, there are three inputs in LSTM: the input value of the current time, the
output value of the previous time and the unit status of previous time. Thus, there
are 3 switches to be controlled in the long term status C and they are forgetting
gate, input gate and output gate. The above mentioned is a standard LSTM, but
in practical application, some improved LSTM models are used in classification
system. Furthermore, many kinds of classifier model that have been applied in text
classification system also applied in sentiment analysis system.

Attention-Based In recent years, attention-based mechanism was proposed, and it
has been proven to be very effective in natural language process, such as text transla-
tion, text classification and sentence analysis. Attention mechanism can use attention
vector to create the degree of relevance assessment between unknown factors and
other factors [55]. The attention mechanism can highlight the effect of input on the
output, and optimize the traditional model by calculating attention probability distri-
bution [56]. So, in some text classification systems, the attention-basedmodel is used
to improve system performance.

Not many works are conducted based on Chinese language. Similarly, not
many works published in processing Malay language texts (e.g., Natural language
processing for sarcasm [57], sentiment analysis for Chinese texts [58], sentiment
analysis using ensemble approach [59], stemming [60, 61], spell checker [62] and
part of speech tagger [63]). Table 2 tabulates several works conducted on Chinese
corpus. There are 19 papers shown in Table 2. The comparison items contain years,
data cleaning, feature extraction, classifier, and accuracy in experiment. The selec-
tion criterion is that a novel classification was proposed, or a complete classification
system was built. Some of the findings include the following [56]:
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Table 2 Literature review for Chinese sentiment analysis

Works Year Data
cleaning

Feature
represent

Classifier Accuracy Dataset

[4] 2019 General
processing

Word2Vec CNN 95.09% NLPCC2017/Weibo

[15] 2019 Word
segmentation

TF-IDF Keyword NA Seismic data

[33] 2019 General
processing

Improved
TF-IDF

MapReduce NA Weibo text

[32] 2019 General
processing

Word2Vec BiLSTM NA NLPCC2017

[28] 2018 General
processing

TF-IDF SVM 95% 7 Industries theme

[50] 2018 General
processing

TF-IDF*IG Improved
Naïve
Bayes

NA Multiple corpus

[64] 2018 General
processing

TF-IDF Naïve
Bayes

NA Weibo text

[19] 2017 General
processing

Word2Vec LSTM 78–91% ChnSentiCorp

[52] 2016 No
mentioned

No mentioned Dirichlet
NB

96% SouGou text

[12] 2015 Word
segmentation

High-frequency Naïve
Bayes

100–72% 10 topics dataset

[51] 2014 General
processing

Ant colony
algorithm

KNN 86% Recuters-21578
20-Newsgroups

[33] 2013 Word
segmentation

Word2Vec Naïve
Bayes

65–71% Weibo text

[16] 2010 General
processing

Multi-level Distance
weight
KNN

87–74% Subject data of
Digital Library

1. By customizing cyber words during segmentation, more information of Weibo
texts can be maintained.

2. By expanding the vocabulary with wiki data, the correlation between word can
also be increased.

3. By using k-max pooling method based on length of sentence, more features can
also be captured.

9 Conclusion and Future Researches

The difficulty of data collection inWeChat account was raised and it has been shown
that althoughWeChat is the largest interactive software in China, but, it is difficult to
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get data from the platform for its characteristics of semi closure (limited to acquain-
tances) [18]. So, there is a problem that the collected data cannot meet the demand
of public opinion. Just as mentioned in the paper, the method of data collection is
the important research direction of classification system that based on WeChat [18].
In [65], the authors proposed that the timeliness of Web crawler in related system
should be improved for analyzing breaking news.

The performance of LDA and TextRank are affected by the number of subjects in
Corpus,Number of extracted keywords [19]. Thus, the research direction in the future
includes reducing dependence on the influencing factors. Features of social media
may include false information or fake news. These kind of false comment, news,
information should be removed for ensuring the authenticity of data [26, 35]. An
approach of building a jointmodelwas proposed inwhich theSentence representation
model andHierarchical classificationmodel should be combined into onemodel [20].
Thus, the parameters of sentence representationmodel and parameters of hierarchical
classifier can be improved at the same time in each of training phases [1].

Naïve Bayes can be improved by improving the prior probability and model itera-
tion [49]. For instance, designing a model using an improved Naïve Bayes algorithm
has been applied in designing flood analysis [4]. The experiment in the paper shows
that comprehensive index calculations lead to more reliable values of the prior prob-
ability that help improve the estimation of posterior probability and the uncertainty
can be reduce in frequency calculation. But its performance in text classification
needs to be improved further. A text classification model named NA-CNN-LSTM
or NA-CNN-COIF-LSTM has been proposed and the experimental result shows
that the proposed model has better performance compared to the standard CNN
or LSTM [66]. In the further work of the paper, it was proposed that the combi-
nation of CNN and other variants of LSTM should be investigated. The k-means
clustering algorithm was used in a sentiment analysis system, but, when the data
scale is large, the convergence become slow and the response speed of the system
is prolonging [64]. So, further works can be explored in improving the k-means
algorithm for analyzing texts documents. Based on the literature review, the data
acquisition, feature extraction and classifier algorithms are the three most important
parts that requires improvement.
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Newton-SOR with Quadrature Scheme
for Solving Nonlinear Fredholm Integral
Equations
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Abstract This paper presents a numerical method of Newton Successive Over-
Relaxation (NSOR) iteration with quadrature scheme to approximate the solution of
nonlinear Fredholm integral equations. Here, the quadrature scheme is used to derive
the approximation equations of nonlinear Fredholm integral equations in order to
develop a system of nonlinear equations. NSOR consists of two parts. In the first part,
Newton’s method is used to linearize the developed system of nonlinear equations.
Then, in the second part, SOR iteration is used to solve the corresponding system of
linear equations to get the approximate solution. In order to validate the performance
of the proposedmethod, Newton-Jacobi (NJacobi) andNewton-Gauss–Seidel (NGS)
are used as the reference methods to perform the comparative analysis. Also, some
numerical examples are presented to illustrate the validity of the NSOR.

Keywords Nonlinear fredholm integral equations · Quadrature scheme ·
Newton-SOR · Trapezium rule · Newton’s method

L. H. Ali (B) · J. Sulaiman · M. M. Xu
Faculty of Science and Natural Resources, Universiti Malaysia Sabah, Kota Kinabalu, 88400
Sabah, Malaysia
e-mail: labiyana15@gmail.com

J. Sulaiman
e-mail: jumat@ums.edu.my

M. M. Xu
e-mail: xmmzg@sina.com

A. Saudi
Faculty of Computing and Informatics, Universiti Malaysia Sabah, Kota Kinabalu, 88400 Sabah,
Malaysia
e-mail: azali@ums.edu.my

M. M. Xu
School of Mathematics and Information Technology, Xingtai University, 88, Quanbei East Street,
Xingtai City, China

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021
R. Alfred et al. (eds.), Computational Science and Technology, Lecture Notes
in Electrical Engineering 724, https://doi.org/10.1007/978-981-33-4069-5_27

325

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-33-4069-5_27&domain=pdf
mailto:labiyana15@gmail.com
mailto:jumat@ums.edu.my
mailto:xmmzg@sina.com
mailto:azali@ums.edu.my
https://doi.org/10.1007/978-981-33-4069-5_27


326 L. H. Ali et al.

1 Introduction

Nonlinear integral equations appear in many scientific fields such as fluid mechanics,
biological models, solid state physics, and kinetics chemistry [1]. The nonlinear inte-
gral equations can be solved either analytically or numerically. However, analytical
approach requires tedious calculation and not it is easy to be applied as many definite
integrals need to be computed in solving nonlinear integral equations [2]. There-
fore, abundant scientific research has been conducted to develop numerical methods
to solve the nonlinear Fredholm integral equations. The latest research on solving
nonlinear Fredholm integral equations involves several numerical methods such as
the Adomian decomposition method [3], multi-projection method [4], Romberg
quadrature rule [5], successive approximation method [6], Nystrom method [7],
Nystrom-quasi-linearization method [8], and cosine-trigonometric approximation
method [9].

In this paper, we attempted to apply the NSOR iteration with quadrature scheme
to extract the approximate solutions of the following nonlinear Fredholm integral
equations of the second kind in the following form:

u(x) = g(x) +
b∫

a

k(x, y, u(y))dy, y ∈ [a, b], (1)

where k is continuous on [a, b], g(x) is known function, and u(x) is the unknown
function [10]. The main idea of this study is to apply the quadrature scheme to
generate approximation equations of Eq. (1). Then, we used it to develop a system of
nonlinear equations. After that, we applied Newton’s method to linearize the devel-
oped system of nonlinear equations to a system of linear equations. Here, a family
of weighted iterative methods such as SOR [11–13] and Accelerated Overrelaxation
(AOR) method [14, 15] can be considered a linear solver in solving any large linear
system. However, this study deals with the implementation of SOR iteration to solve
the corresponding system of linear equations to get the approximate solution of
nonlinear Fredholm integral equations. The concept of SOR is to add the weighted
parameter in iteration to produce faster convergence andmore efficient point iterative
method compared to Jacobi and Gauss–Seidel [11].

NSOR iteration is the combination ofNewton’smethod andSOR iterativemethod.
NSOR iteration is the extendedmethod fromNGS that produces a faster convergence
method to solve any nonlinear systems [16]. In general, the system of nonlinear
equations is difficult to be solved especially when involving a large-scale system.
The advantage of NSOR is that the large-scale system of linear equations can be
generated using linearization then it can be solved iteratively using SOR iterative
method which only requires minimum amount of mathematical operations. In the
previous studies, the discussion such as in [3–9] involves a small number of node
points. Thus, in this study,wewill present the implementation of the proposedmethod
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on high order matrices by considering the number of subinterval, n to be 256, 512,
1024, 2048 and 4096.

This work consists of several sections. In the next section, we will discuss the
methodology used in this study to generate a system of nonlinear equations. Then,
we will apply Newton’s method to represent the system of nonlinear equations in a
linear form. After that, we will discuss the application of the proposed method to
solve the generated system of linear equations in the following sub-section. In Sect. 3,
we will present the numerical examples that will be used to illustrate the efficiency
of the proposed method. Then, we will discuss the numerical results obtained from
the numerical experiments. Finally, we will conclude our findings in Sect. 4.

2 Methodology

In this section, we will discuss the formulation of NFIE-2 using the discretization
scheme to generate the corresponding system of nonlinear equations. Note that in this
study,we used the first-order quadrature schemewhich is the Trapezium rule. Besides
that, we will also discuss the implementation of Newton’s method to represent the
generated system of nonlinear equations in a linear form. After the linear system
is formed, we will continue the discussion by discussing the formulation of NSOR
iteration to solve the system of linear equations.

2.1 Discretization of Nonlinear Fredholm Integral Equations
Using Quadrature Scheme

Consider the nonlinear Fredholm integral equations in Eq. (1). Suppose.

u(x) −
b∫

a

k(x, y, u(y))dy,= g(x) (2)

and assume that k(x, y, u(y)) is a nonlinear function of u(x). This means that
Eq. (2) contains the nonlinear function presented by k(x, y, u(y)). Let the interval
[a, b] be the uniformly partition interval as shown in Fig. 1, so

h 

Fig. 1 Distribution of node points on interval [a, b]
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b∫

a

k(x, y, u(y))dy =
un∫

ui

k(x, y, u(y))dy, (3)

where i = 0, 1, 2, . . . , n.

By using quadrature scheme of Trapezium rule, we can consider all the node
points in Fig. 1 and form the corresponding nonlinear approximation equations of
[12]

ui − 1

2
hk(x, y0, u0) − hk(x, y1, u1) − hk(x, y2, u2) − · · · − 1

2
hk(x, yn, un) = gi .

(4)

One of the advantages of quadrature scheme on integral equations is that when
the number of subinterval, n increases, the total number of node points will increase
as well, thus resulting the neighboring distance of each node point on interval [a, b]
to be increased. Therefore, the larger n is expected to give more accurate results for
the problem of integral equations.

The nonlinear function of Eq. (4) can be represented in the expression given [17]:

Fi (u0, u1, u2, . . . , un) = ui − 1

2
hk(x, y0, u0) − hk(x, y1, u1)

− hk(x, y2, u2) − · · · − 1

2
hk(x, yn, un) − gi . (5)

Then,we can form the corresponding nonlinear systembased onEq. (5) as follows:

Fi (u0, u1, u2, . . . , un) = 0, (6)

Now, we use the Newton’s method to linearize the developed system of nonlinear
equations in Eq. (6) to generate a system linear equation in the given expression [16,
17]:

J
(
u(k)

)∇u(k) = −F
(
u(k)

)
, (7)

where J
(
u(k)

)
is the Jacobian matrix, ∇u is the vector, and the solution vector is

determined by the following formulation:

u(k+1)
i = u(k)

i + ∇ui , i = 0, 1, 2, . . . , n. (8)

In terms of simplicity, the system of linear Eq. (7) is now rewritten in the following
form:

A∇u = b, (9)
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where

A =

⎡
⎢⎢⎢⎢⎢⎢⎣

A0,0 A0,1 A0,2 · · · A0,n

A1,0 A1,1 A1,2 · · · A1,n

A2,0
...

An,0

A2,1
...

An,1

A2,2
...

An,2

· · ·
. . .

· · ·

A2,n
...

An,n

⎤
⎥⎥⎥⎥⎥⎥⎦

(n+1)×(n+1)

,

∇u = [∇u0,∇u1,∇u2, . . . ,∇un]
T ,

b = [b0, b1, b2, . . . , bn]
T .

2.2 Newton-SOR Iteration

The SOR iterationmethod is a well-known iterativemethodwith its weighted param-
eter which provides more efficient results by accelerating the convergence rate of
iteration. To implement this SOR iteration on the system of linear Eq. (1), the coef-
ficient matrix A in Eq. (9) needs to be decomposed into A = D − L −U where the
formulation of SOR in solving the NFIE-2 is given as follows [11–13]

∇u(k+1) = TSOR∇u(k) + (D − ωL)−1b, (10)

TSOR = (D − ωL)−1((1 − ω)D + ωU ), ω ∈ (0, 2), (11)

with D, L and U indicating the diagonal matrix, lower triangular matrix and
upper triangular matrix of coefficient matrix A respectively. The algorithm of NSOR
iteration is shown as follows.

Algorithm 1 Implementation of NSOR Iteration.

i. Let ∇u(k) = 0 and k = 0 be the initial value and ε = 10−10.
ii. Assign q = 0 and compute

a. A = J (u(k))

b. b = −F(u(k))

iii. Find the current value, ∇u(k+1)

a. For i = 0, 1, 2, . . . , n, calculate
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∇u(k+1)
i ←⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(
∇u(k)

i + ω
Ai Ki,i

(
bi −

n∑
j=1

Ai Ki,i∇u(k)
j

))
, i = 0

(
∇u(k)

i + ω
Ai Ki,i

(
bi −

n−1∑
j=0

Ai Ki,i∇u(k+1)
j

))
, i = n

(
∇u(k)

i + ω
Ai Ki,i

(
bi −

n−1∑
j=0

Ai Ki,i∇u(k+1)
j −

n∑
j=1

Ai Ki,i∇u(k)
j

))
, otherwise

.

b. Repeat step iii(a) until the convergence criterion
∣∣∣∇u(k+1)

i − ∇u(k)
i

∣∣∣ ≤ ε is

satisfied, otherwise go to step iv.

iv. Repeat step ii until the convergence criterion
∣∣∣∇u(k+1)

i − ∇u(k)
i

∣∣∣ ≤ ε is satisfied,

otherwise go to step v.
v. Display the output.
vi. Stop.

3 Numerical Examples and Discussions

In this section, we will present four numerical examples from the previous studies
in [10, 18–20] to illustrate the efficiency of the proposed method. All the numerical
results obtained are presented in tables. Then, we will discuss the numerical results
obtained from the numerical experiments.

3.1 Numerical Examples

In order to illustrate the efficiency of the NSOR, we will use NJacobi and NGS as
the reference methods. Also, to show the validity of the methodology discussed in
the previous section, all of these methods will be tested on the following numerical
examples of nonlinear Fredholm integral equations of the second kind.

Example 1 In this example, we consider the following equation [10]:

u(x) = x + cos
(
e(1) + x

) − cos(1 + x)

20
+

1∫

0

sin
(
e(y) + x

)
20

e(u(y))dy. (12)

The exact solution of this integral equation is u(x) = x .

Example 2 In this example, we consider the following equation [18]:
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u(x) = 1 − 5

12
x +

1∫

0

xy[u(y)]2dy. (13)

The exact solution of this integral equation is u(x) = 1 + 1
3 x .

Example 3 In this example, we consider the following equation [19]:

u(x) = − x

9
− x2

8
+ x3 +

1∫

0

(
x2y + xy2

)
u2(y)dy. (14)

The exact solution of this integral equation is u(x) = x3.

Example 4 In this example, we consider the following equation [20]:

u(x) =
(
1

2
− ln(2)

)
x2 + √

x +
1∫

0

x2y2

1 + u2(y)
dy. (15)

The exact solution of this integral equation is u(x) = √
x .

3.2 Discussions

Based on Algorithm 1, we have conducted the experimental test using C language on
Borland C++ version 5.02 on several numbers of subintervals, n, which are 256, 512,
1024, 2048, and 4096. Then, a comparative analysis between NSOR with the refer-
ence methods was done by using three parameters; number of iterations (I), compu-
tational time (Time) measured in seconds, and maximum absolute error (Error). The
numerical results from the implementation of NJacobi, NGS, andNSOR on Example
1 to 4 are tabulated in Tables 1, 2, 3 and 4, respectively.

Based on these tables, it is clearly shows that the implementation of NSOR iter-
ation only requires the smallest number of iteration and fastest computational time
compared to NJacobi and NGS iteration. For the comprehensive analysis, we have
presented the data in Table 5. Based on Table 5, NSOR method recorded bigger of
reduction percentages compared to NGS iteration in terms of number of iteration and
computational time. It also shows that the NSOR iterative method can reduce the
number of iterations approximately 27.27%, 63.53–63.64%, 48.57% and 46.58% for
Example 1, 2, 3 and 4 respectively. In terms of computational time, NSOR method
can reduce the computation time approximately 22.49–23.14% (Example 1), 60.84–
62.22% (Example 2), 41.82–46.42% (Example 3) and 37.50–41.35% (Example 4)
compared to NJacobi. For the maximum absolute error, the data has been transform
into a graphical form for further discussion as follows.
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Table 1 Numerical results of NJacobi, NGS, and NSOR for Example 1

n Method I Time Error

256 NJacobi 22 0.43 5.81294E-07

NGS 18 0.36 5.81294E-07

NSOR 16 0.33 5.81294E-07

512 NJacobi 22 1.69 1.45324E-07

NGS 18 1.42 1.45324E-07

NSOR 16 1.31 1.45324E-07

1024 NJacobi 22 6.73 3.63309E-08

NGS 18 5.66 3.63309E-08

NSOR 16 5.21 3.63309E-08

2048 NJacobi 22 26.94 9.08274E-09

NGS 18 22.72 9.08272E-09

NSOR 16 20.76 9.08272E-09

4096 NJacobi 22 108.01 2.27070E-09

NGS 18 90.89 2.27068E-09

NSOR 16 83.02 2.27068E-09

Table 2 Numerical results of NJacobi, NGS, and NSOR for Example 2

n Method I Time Error

256 NJacobi 329 0.45 1.27161E-05

NGS 182 0.26 1.27164E-05

NSOR 120 0.17 1.27165E-05

512 NJacobi 329 1.66 3.17858E-06

NGS 183 0.94 3.17884E-06

NSOR 120 0.65 3.17895E-06

1024 NJacobi 330 6.65 7.94340E-07

NGS 183 3.76 7.94608E-07

NSOR 120 2.52 7.94720E-07

2048 NJacobi 330 26.56 1.98289E-07

NGS 183 14.97 1.98558E-07

NSOR 120 10.04 1.98670E-07

4096 NJacobi 330 106.12 4.92759E-08

NGS 184 60.23 4.95456E-08

NSOR 120 40.20 4.96584E-08
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Table 3 Numerical results of NJacobi, NGS, and NSOR for Example 3

n Method I Time Error

256 NJacobi 105 0.16 4.50768E-05

NGS 64 0.11 4.50768E-05

NSOR 54 0.09 4.50768E-05

512 NJacobi 105 0.55 1.12683E-05

NGS 64 0.35 1.12683E-05

NSOR 54 0.32 1.12683E-05

1024 NJacobi 105 2.19 2.81697E-06

NGS 64 1.41 2.81702E-06

NSOR 54 1.18 2.81703E-06

2048 NJacobi 105 8.78 7.04191E-07

NGS 64 5.54 7.04247E-07

NSOR 54 4.72 7.04254E-07

4096 NJacobi 105 35.05 1.76000E-07

NGS 64 22.00 1.76056E-07

NSOR 54 18.78 1.76063E-07

Table 4 Numerical results of NJacobi, NGS, and NSOR for Example 4

n Method I Time Error

256 NJacobi 73 0.32 8.60252E-07

NGS 43 0.21 8.60251E-07

NSOR 39 0.20 8.60251E-07

512 NJacobi 73 1.33 2.15064E-07

NGS 43 0.79 2.15063E-07

NSOR 39 0.78 2.15063E-07

1024 NJacobi 73 5.01 5.37669E-08

NGS 43 3.08 5.37658E-08

NSOR 39 2.98 5.37658E-08

2048 NJacobi 73 19.99 1.34425E-08

NGS 43 12.33 1.34414E-08

NSOR 39 12.27 1.34413E-08

4096 NJacobi 73 79.33 3.36138E-09

NGS 43 49.51 3.36028E-09

NSOR 39 46.62 3.36022E-09
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Table 5 Comparison of reduction in percentages for NSOR and NGS compared with NJacobi

Method Number of iterations (%)

Example 1 Example 2 Example 3 Example 4

NGS 18.18 44.24–44.68 39.05 41.10

NSOR 27.27 63.53–63.64 48.57 46.58

Methods Computational time (%)

Example 1 Example 2 Example 3 Example 4

NGS 15.66–16.28 42.227–43.64 31.25–37.23 39.32–41.35

NSOR 22.49–23.14 60.84–62.22 41.82–46.42 37.50–41.35

Figures 2, 3, 4 and 5 shows the behaviour of maximum absolute error for all
tested methods towards the matrix sizes for Example 1, 2, 3 and 4 respectively.
These figures show the implementation of all methods on numerical examples is in
a good agreement. Besides that, the maximum absolute error for all examples shows
a very accurate results as the value of n is increased. This is due to the diminution
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of neighbouring distance between each node points on interval [a, b]. Thus, the size
4096 shows the most accurate results compared to the other tested number of n.

4 Conclusions

From the numerical experiment, theNJacobi, NGS andNSOR iterativemethods have
been applied successfully in finding the approximate solution of nonlinear Fredholm
integral equations. Based on the result obtained, we can conclude that NSOR is
superior in terms of iteration number and computational time compared to reference
methods. In terms ofmaximumabsolute error, the result for all methods shows a good
agreement. Also, we can conclude that the maximum absolute error for all examples
approaching zero as the order of matrices is increasing due to the diminution of
neighboring distance between each node points on interval [a, b]. Therefore, the
larger grid size gives more accurate results. Besides that, all the iterative methods
which have been discussed in this study are categorized in a family of full-sweep
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iteration where the implementation of iterative methods is used to calculate all the
node points on interval [a, b]. Thus, in future research, this research finding could
be extended by using the half-sweep iteration method such as in [21–23], where the
combination of iterative method and direct method can be taking placed to increase
the convergence rate.
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Factors Affecting Government
Employees’ Acceptance of EDMS:
A Systematic Review

Bridget Geoffrey Lojonon and Rayner Alfred

Abstract Archiving and storing information is a vital aspect that every government
strives to optimize while serving citizens. An electronic document system ensures
that the flow of information from storage, processing to transmission is as seamless
as possible. The Electronic Document Management System (EDMS) is one such
system that governments from around the world have been striving to implement.
However, a hindrance has been observed in the acceptance of EDMS by government
employees, which has been attributed to several factors. This work highlights a
systematic literature review of the factors that affect the acceptance of the system.
Additionally, a quantitative approach through a questionnaire is used to determine
which factors affect the acceptance of EDMS among government employees. A lack
of awarenesswas established as the primary factor affecting the acceptance of EDMS.
It was concluded that the government should put more effort into ensuring that more
people are aware of any systems that are implemented by the government.

Keywords Electronic document management system (EDMS) · Government
employees · Adoption behavior · eGovernment · Technology acceptance

1 Introduction

Governments around the world have been incorporating Information Communi-
cation Technology (ICT) in most of their entities. The aim of utilizing ICT is to
ensure better interaction with the employees and better delivery of services [1].
Since governments manage a lot of information and documents, a robust and effec-
tive data management system is a necessity [2]. For a government to successfully
incorporate ICT in its activities, more effort has to be put into developing a conducive
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organizational structure, continuous data flow, and reducing costs [3, 4]. The primary
goal of using ICT in the government is usually assumed to be to provide informa-
tion services to the citizens. However, it is used to develop strategic links among
government bodies, facilitate government transactions and ensure smooth commu-
nication between different departments within the government as well [5]. Hence,
governments have been pushing the implementation of the EDMS.

This work aimed to highlight the factors that affect the acceptance of the govern-
ment employees of EDMS usage and determine which factors should be prioritized.
Comparatively, in terms of the adaptation and implementation of EDMS, previous
studies include factors such as organizational challenges in managing the systems,
user resistance and support, system integration needs, accelerating change manage-
ment strategies, lessons learned as well as understanding past implementation of
the systems. Similarly, this work and most of the previously published literature are
central to understanding users’ perception towards improving information system
usage and its effects, and they aimed to address the issue of identifying all possible
factors that can influence the decisions of the organizations and their stakeholders.
In general, our results show that EDMS adoption and implementation involves
several technological, organizational and user-related factors. The work presented
contributes to the literature by identifying a list of factors considered critical to the
effective implementation of EDMS, as well as determining the relative importance
of these factors in the context of their priority which is a not well evaluated and even
neglected area as recommended by McLeod et al. (2011).

The Electronic Document Management System (EDMS) is a system powered by
ICTand utilized by the government tomanage and process valuable data and informa-
tion of their employees. EDMS regulates the flow of documents and maintains how
business and operations within and outside an organization are carried out [6]. The
data managed by EDMS is processed and stored digitally, which greatly improves
the performance and productivity of public service. The field has seen new advance-
ments to the EDMS, which facilitate better and increased capabilities as compared to
the traditional document generation methods [7]. The new system is more advanced
and sophisticated and utilizes computer-based information systems that processes,
analyzes, saves and disseminates information at high speeds and presents the data
in a comprehensible manner useful to the users and policymakers [8]. However, the
acceptance of EDMS by government employees has been affected by several factors
[9]. This systematic review highlights the implications of EDMS and studies the
factors that influence its acceptance by government employees.

2 The Concept of Electronic Document Management
System

Before the systematic review is carried out, understanding the concept of EDMS
is essential. The process of creating, retrieving, storing, modifying, displaying and
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storing data is defined as data management [10]. Before the arrival of the internet and
technology, data management systems had a different concept on document manage-
ment. Technology has changed and revolutionized how traditional file management
systems work. Burtylev et al. (2013) and Goings et al. (2007) point out that shifting
from paper-based documents to electronic filing systems has defined how docu-
ments, especially those for web content, are managed as well as the management
of users responsible for the content. As a result, old content management systems
were re-developed to manage and control content sources, allot administrative tasks,
process transfer of files, and control workflow [11]. The implementation of the elec-
tronic management system is a result of evolution of technology. Therefore, the
EDMS was developed in a bid to meet the challenges of the information revolution.
While attempting to understand EDMS, understanding what a document refers to in
amanagement system is also critical. In document management systems, a document
is any information that is structured and recorded into an item that can be accessed
or consumed by a person [12]. Abbasi et al. (2016) argue that a document as storage
or record of information which may be in the form of recorded speech converted into
transcripts. However, from a technological standpoint, a document can be regarded
as a piece of information that can consist of several other types of data and can exist
in different areas but within the same network [13]. The information could contain
a record of data that holds specific attributes like employees’ entities in an organi-
zational or governmental setting [14]. The document is what defines an electronic
management system.

3 Systematic Literature Review: Method

The method illustrates all the processes carried out to ensure that the review was
successful. This literature review has been carried out based on the review protocol
proposed by Kitchenham and Charters [15]. For this case, the study aims to identify
the factors that affect the acceptance of EDMS by government employees. The main
focus of the method is to determine why and how the sources were acquired for a
study [16]. The following are the steps that were considered while carrying out a
systematic literature review.

3.1 Research Questions

A strategic literature review must have a set of research questions or objectives.
These questions and objectives will guide the study [17]. The research questions
(RQs) were formulated to define the scopes of the research according to three view-
points: population, intervention and outcomes [18].The population viewpoint covers
the areas or roles (e.g., EDMS adoption and implementations) affected by the inter-
vention. In Information System (IS) management, the populations might be any of
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the following: A specific IS role or a type of IS tool and its application area. Then,
the intervention viewpoint covers IS technologies that address specific issues (for
example, EDMS technologies to perform specific tasks such as data management).
Finally, the outcomes viewpoint should relate to factors of importance to practi-
tioners such as improved management of information flow, administrative tasks and
processing transfer of files. The research questions highlighted by the study areas
are outlined as follows:

1. RQ1—Which factors significantly affect the government employee’s acceptance
of EDMS in the public sector?

2. RQ2—Which of these factors are the most significant/important to improve
EDMS acceptance among government employees where technology adoption
is mandatory?

3.2 Defining the Literature Body

The approach taken in the collection of relevant literature for the study consists of one
part. However, an investigation could have several strategies through which relevant
literature could be collected [19]. The approach used is a general library search of
the research keywords in all related libraries. The keywords were run through several
libraries to find the relevant literature. The main keywords used in the search include
“EDMS” and “e-Government”. Using keywords when searching for literature in
libraries provides a specific range through which the documents will be obtained
[20]. The two keywords provided exclusive results which excluded other types of
document systems and organizations, respectively. Since the purpose of the studywas
to identify the factors that affect the acceptance of EDMS by government employees,
no other types of management systems are discussed. Additionally, the focus is only
on government employees and not those from other organizations. Therefore, this
systematic review does not include studies on different types of systems or employees
from other organizations other than the government.

However, the selected literature body from the search libraries had to adhere to
specific inclusion criteria. First, the literature used should address electronic docu-
ment management systems in the government or e-government as the primary or
secondary area of the research. Therefore, the keywords “EDMS” or “e-government”
should be present predominantly in the text. Second, the selected literature has to
be research papers or peer-reviewed journals. Third, the text used has to be written
in English; no other languages are acceptable. And last, the literature used should
have a document body longer than one page. Additionally, the literature used should
not contain books, keynotes, presentation notes or extended abstracts. However, the
literature body was obtained through the following steps:

1. Collection of the literature. Collecting literature involved the search through rele-
vant libraries using the keywords. The use of keywords ensures that a maximum
number of research papers are found.
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2. Application of inclusion/exclusion criteria. The previously discussed inclusion
criteria for the research papers to be used is observed.

3. Verification of rejected papers. If an article fails tomeet the inclusion criteria, they
are still verified to check whether some of the keywords exist in the document.
Therefore, it would eliminate the cases where papers are rejected but still are
connected to the initial research ideas.

4. Verification of accepted/included papers. Once the papers pass the inclusion
criteria, it is checked manually by reading the conclusion as well as the abstract.
In this particular step, a research paper is checked whether the research papers
used in the review address the factors that affect the acceptance of EDRM among
government employees.

3.3 Collection of the Literature Body

The systematic literature review protocol by Kitchenham was used to obtain the
literature body for this review. The extraction date for the information was around
May 2020. The four steps for defining literature as described above are the ones
usually utilized in the study [21]. The collection of literature started with a library
search. The number of papers initially found were 22. This includes all the research
papers with the keywords of the study. Once the inclusion/exclusion criteria were
applied to the literature, 11 articles remained, as 11 of them were rejected. Once
the second step of using the inclusion/exclusion criteria was through, the third step
was carried out, but no rejected papers were included in the literature. Finally, the
fourth step of verifying the accepted literature resulted in four more documents being
rejected. The final remaining number of documents after the fourth step was 11.

The first step of collecting literature produced 22 papers because little research
has been done on the factors that affect the acceptance of EDMS by govern-
ment employees. Additionally, the search in the libraries brought articles that only
mentioned the EDMS or the use of the system in e-Government. The second step,
which applies the inclusion/exclusion criteria, rejected seven papers because they
lightly highlighted the research topic and had little research on the factors that affect
the implementation of EDMS among government employees. The third step failed
to reject any papers like all of the rejected documents was unable to meet the require-
ments of the literature needed for this review. The four documents dismissed in the
last step of collecting literature, after a thorough reading of their introductions and
conclusions, failed to indicate the factors that affect acceptance of EDMS but stated
generally why implementation of the system is hard. During the literature collection
process, the papers are read to extract information that would address the research
questions and objectives [22]. Table 1 summarizes the literature collection process
and the number of papers at each step.
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Table 1 Literature collection Step Number of papers

• Collection of literature 22

• Application of inclusion/exclusion
criteria

11

• Verification of rejected papers (included
papers)

0

• Verification of included papers 11

3.4 Analysis

The analysis section provides an insight into the literature used, as well as the find-
ings of the systematic review. Besides the research, a questionnaire is prepared and
presented to government employees to determine the factors that hindered them
from accepting the use of EDMS in the government. The results of the survey are
analyzed in this section. This section addresses the first research question and objec-
tive. The literature covers the factors that affect the adoption of EDMSby government
employees. Thus, the first research question is addressed. Since the second research
question and purpose aim at developing a model, it would be addressed after the
following analysis.

4 Factors Affecting Implementation of EDMS

During the systematic literature review, a general overview was formed where
the factors that affect government employees’ acceptance of EDMS are identi-
fied, synthesized and categorized. Although the aim was to determine the factors
that specifically influence government employees, most of the existing literature
provide general factors. Implementation of EDMS is a complicated and vast issue that
involves several organizational, technical or technological, and user-related factors
[23]. The common factors for EDMS implementation according to organizational
factors include collaboration, legislation environment, strategic planning, budget
cost, and top management support; technical factors include system integration, data
quality, user requirements, security and privacy trust, IT implementation team and
ICT infrastructure; and user factors include resistance to change, staff training and
awareness. The study results generated 40 critical success factors that influenced
the use of EDMS among government employees from 15 articles. These critical
success factors are categorized under four main variables of the UTAUT framework
namely, “Performance Expectancy”, “Effort Expectancy”, “Social Influence”, and
“Facilitating Condition”.

Meanwhile, based on the study results, organizational factors related to the imple-
mentation of EDMS can be associated with rules, procedures and processes outlined
by the organization, and for this particular case, the government [24]. Technical
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problems that may be encountered while implementing EDMS may include soft-
ware design, quality and security of data [25]. The user-related factors are related
to resistance to change, training and awareness [26], which will be analyzed further
since the objective of the study is to determine factors affecting the employee’s
acceptance of the system.

4.1 Resistance to Change

Change is not always well-perceived by an organization, a person or a group of
people. Most of the literature on the study have indicated that resistance to change
is a common factor that affects an employee’s acceptance of EDMS. A person or a
group of individuals may resist change if they believe that it may be of risk or unsuit-
able for them. According to Maguire (2010), resistance is considered any employee
action that aims at challenging, disrupting and inverting prevailing assumptions to
power. Resistance to change is one of the primary challenges during the implemen-
tation of EDMS [23]. The processes involved in implementing EDMS bring a lot of
changes to all levels of an organization’s departments and divisions. Additionally,
the implementation may result in a change in tasks carried out by the employees or
even switch in leadership. According to [27] if the change is not monitored, it will
grow gradually to unprecedented levels. Therefore, resistance to the implementation
of EDMS is expected.

4.2 Training

When a new ICT system is being implemented, training has to be undertaken.
Training the staff on new Information Technology (IT) skills while adopting a new
system plays a significant role in its implementation. Most of the failures of imple-
mentation of EDMS have significantly been affected by lack of sufficient training
of the employees [28]. A new ICT system may require advanced technical skills
which may be difficult for some of the employees to master. The success of EDMS
is highly attributed to the skill training that an individual possesses. Additionally,
Leikums (2012) and McLeod et al. (2011) indicated that training courses for the
employees have to be considered to facilitate their awareness in dealing with the
EDMS positively. Therefore, training is another factor that has affected employee
acceptance of EDMS.
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4.3 Awareness

Before any change is implemented in an organization or the government, the staff
have to be informed first. While implementing a new system, the employees have
to be made aware of the enhancement that the new technology would bring to their
normal working process [28, 29]. For instance, while implementing EDMS, it is
essential to cite the significance of the system to the pre-existing record keeping
practices. Thus, employees would be aware of the new system and what it entails.
According to Yaacob andMapong (2011) and Asogwa (2012), the success of EDMS
will depend highly on the awareness made on the program. The implementation of
the system would be a failure if the people involved are not made aware. Akhavan
et al. (2006) state that awareness is directly dependent on support from the top
management. Awareness is a crucial factor in ensuring that the implementation of
EDMS is a success.

5 Discussion and Limitations

This section elaborates the factors affecting implementation of EDMS by summa-
rizing and discussing the findings in relation to RQ1—Which factors significantly
affect the government employee’s acceptance of EDMS in the public sector (e.g.,
organizational, technological or user-related)? Highlighting the factors affecting
the acceptance of the government employee’s towards EDMS usage contributes to
the recognition of the predictors that will determine the full realization of EDMS
programs.Table 2 tabulates all the factors related toEDMSacceptancebygovernment
employees.

In relation to RQ2—Which of these factors are the most significant/important to
improve EDMS acceptance among government employees where technology adop-
tion is mandatory? Based on the type of issue addressed, the task of prioritizing
the factors to find the relative importance to improve EDMS acceptance among
government employees is using the Analytic Hierarchy Process (AHP) methods.
Based on the results, the findings reveal that “Performance Expectancy” and “Effort
Expectancy” are the two most significant/important factors which affect the use of
EDMS among government employees.

During the process of SLR,we noticed 14 issues that influence the implementation
of EDMS. These factors are believed to be common when it comes to implementing
EDMS in the government. Implementing EDMS is complex and entails user, tech-
nical and organizational related factors. For example, Artamonov et al. (2018) noted
that implementing EDMS can be adversely affected by the lack of basic legislative
regulations on the national level as well as within the organizational framework.
Technical factors describe data quality, security and software design. For example,
Aziz et al. (2018) clarified that poor ERM can result in costly legal liabilities. EDMS
should be safe from misuse or undocumented alteration. User factors entail issues
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related to resistance to change, drivers, training and culture. For example, employees’
resistance to change is a challenge in implementing information systems. Govern-
ments should seek to make more of their employees aware of EDMS implementation
to increase its efficiency.

5.1 Limitations

Like any other research, this study has its limitations. The study derived its variables
from a systematic review which depicts limitations. Additionally, the model was not
designed to include a reliability and validity test, which should be included in future
research. Similarly, this work finds that previous empirical and theoretical studies
have described the technical aspects of EDMS, but limited studies have evaluated the
components of EDMS [4, 40]. Limitations faced by other studies included the need
to conceptually refine and empirically test both model and indicators, dependency
on quantitative data, in-depth review on DMS integration, limited number of case
study, the need for more research data and the scope of study to include institutional
units.

6 Unified Theory of Acceptance and Use of Technology
(UTAUT)

Understanding the different contextual factors that influence effective adoption of
EDMS requires a careful grasp of the different frameworks and approaches used
in different contexts. As stated by Davis et.al. (1989), several theories and models
have been used to provide a theoretical base for examining factors that influence
technology adoption in organizations [58]. The Unified Theory of Acceptance and
Use of Technology (UTAUT) outline is a variation of another acceptance model,
the Technology Acceptance Model (TAM), that was initially implemented to be
applied in new systems. The UTAUT model addressed the essential principles of
various conceptual models. The UTAUT model has four variables. However, of all
the variables, the most outstanding is performance expectancy. The UTAUT model
has improved the prediction of technology usage by more than 65% and is, therefore,
a suitable framework [32]. As compared to TAM, the UTAUT model is superior
because the former can only predict up to 30%. Other acceptance models have an
acceptance ratio ranging between 17 and 50% [41]. The UTAUT model framework
has been applied in different countries globally and has proved to be effective.

The UTAUT model has applied and employed several aspects since its incep-
tion. Some of the aspects adopted by the model include effort expectancy, facil-
itating conditions, social influence and performance expectancy [42]. The extent
to which an individual can contemplate integrating technology to improve their
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work performance is referred to as performance expectancy [43]. In the case of this
systematic literature review, the performance expectancy is the expectation govern-
ment employees will have on the enhancement of performance if the new document
management system is implemented. Performance expectancy is a primary aspect
that is considered by individuals when trying to accept or use a particular techno-
logical system [34]. However, this study has demonstrated that awareness is one of
the critical factors that must be considered before the EDMS is implemented. Only
after the employees are aware of the system can they have performance expectancy.

Although the literature collected was inconsistent in outlining factors that affected
the acceptance of EDMS by government employees, the UTAUT model could be
used as a confirmation tool. The following hypotheses were developed based on the
UTAUT model. Additionally, the hypotheses were consistent with the projections of
the research.

• Hypothesis 1: Effort expectancy negatively relates to behavioral intention.
• Hypothesis 2: Social factors positively relate to behavioral intention.
• Hypothesis 3: Performance expectancy negatively relates to behavioral intention.
• Hypothesis 4: Attitude towards acceptance of a new management system is

positively related to behavioral intention.
• Hypothesis 5: Effort expectancy negatively relates to attitude towards technology.
• Hypothesis 6: Social factors are positively related to attitude.
• Hypothesis 7: Attitude is positively related to performance expectancy.
• Hypothesis 8: Facilitating conditions positively relate to behavioral intention.

6.1 Questionnaire and Analysis

A questionnaire was chosen as the appropriate means of collecting data for this study
because of several reasons. First, it is easier to construct and administer. Second, once
the responses to the questionnaire are obtained, they are easy to analyze.Additionally,
most people are aware of and familiar with surveys. Therefore, it is very suitable
for research. Last, the questions in the questionnaire are straightforward, and the
results are usually relatively correct. According to Lopatovska and Arapakis (2011),
questionnaires are the best means of collecting data of a relatively larger population.
Other than indicating the suitability of the data collection method, the authors also
use the approach in their research, which is related to Information System (IS).
The questionnaire analysis covers two significant areas: descriptive and quantitative
studies.
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6.2 Factors Affecting the Acceptance of EDMS

The secondary analysis in the questionnaire attempts to determine the factors that
affect the acceptance of EDMS by government officials. This section includes ques-
tions related to demography profile (gender and age) and the use of IT in their field
of work.

Computer Usage at Work:

Does your work involve the use of a computer? (Respond: Yes or No).

Document Handling in Office:

Do you use your computer or hard copy papers to handle documents? (Respond:
Computer or Hard copy Paper).

Awareness of Implementation of EDMS:

Were you aware the government was implementing EDMS? (Respond: Yes or No).

Training on the EDMS:

Were you given enough training on the EDMS? (Respond: Yes or No).

Acceptance of the EDMS:

Do you accept and approve the adoption of EDMS? (Respond: Yes or No).

7 Conclusion

In use, more often than not, EDMS users and the system itself are in a conflicting
position. The results do not mention that EDMS is poorly designed or that users
are underprepared. It is natural that the opposing relations may exist among the
government employees. It can only be speculated that the reason for this is the highly
complex nature of EDMS. EDMS ismore than a simple technological system, and the
evaluation of such a complex system is difficult. The government should understand
that its employees hold the key to success of adopting and implementing EDMS.
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Government Employees’ Acceptance
of EDMS Using the Analytic Hierarchy
Process (AHP) Method
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Abstract Document management (DM) is fundamentally one of the most effec-
tive approaches applied in managing information flow in an organization. In reality,
the utilization of an electronic document management system (EDMS) is depicted
essentially when documents are used as memory storage for companies and record-
keeping portals that document how operations are achieved. Consequently, the study
aimed to respond to the recommendation of McLeod et al. (ArchManuscr 39:66–94,
2011 [5]) to explore the predictors of EDMS implementation to advise on planning
the successful use of EDMS programs. The first objective was to develop a new
theoretical model based on the unified theory of acceptance and use of technology
(UTAUT) to study the user acceptance and adoption of the EDMS among govern-
ment employees. The second objective was to determine the factors affecting EDMS
acceptance and adoption among government employees that should be given priority
using the analytic hierarchy process (AHP)methods. The third objectivewas to deter-
mine whether the constructs of UTAUT influence behavioral intention to use EDMS
among government employees. The research employed a systematic review that was
developed to identify different factors affecting government employees’ acceptance
and adoption of EDMS. The critical success factors were generated based on four
levels of UTAUT from 15 articles. The study’s results, from the systematic review,
yielded 40 factors that influenced the use of EDMS among government employees.
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1 Introduction

Many organizations understand that the effective regulation of information flow
results in effectivemanagement. Documentmanagement (DM) has been increasingly
realized as one of the most effective approaches applied in managing information
flow in an organization in both the private and public sectors [1, 2]. Essentially, the
documents are used as memory storage of companies and record the way operations
are achieved. DM allows the easy retrieval, identification, and management of infor-
mation. The main role of an electronic document management system (EDMS) is to
enable the free flow of records through the institutions as well as ensure that infor-
mation is available when requested [1]. EDMSs have increasingly become critical
to governmental organizations. Although the implementation cost of such a system
is high, an EDMS allows an institution to exemplify effective performance through
reducing costs, improving capacity, minimizing errors, and saving on labor [3]. The
implementation of an EDMS is a critical factor in forming a virtual workplace setting
and transforming the dynamics of modern companies and their staff.

While EDMSs are significantly becoming an important component of infrastruc-
ture in many organizations, their uses are not well understood because of limited
studies on predictors for the effective implementation of EDMS [4, 5]. While most
empirical and theoretical studies have described the technical aspects of EDMSs,
limited studies have evaluated their components. Therefore, there exists a need to
explore the predictors for EDMS implementation to recognize the factors that will
determine the full realization of EDMS programs.

Previous studies on the user acceptance of DM systems that aimed to identify,
investigate, analyze, and propose various models of technology adoption adopted
different methods to prioritize the most desirable factors affecting EDMS projects.
However, hardly any studies have been found to specifically use the analytic hierarchy
process (AHP) method to prioritize the factors affecting government employees’
acceptance of EDMS. For example, the analytical descriptive method was adopted
to identify seniormanagement commitment towardEDMSdevelopment and support,
the impact of technological infrastructure on EDMS success, and the role of policies
and procedures for EDMSs as well as to analyze the impact of top management
support on EDMSs [6–9]. A phenomenological design was used to investigate the
effects of DM on the implementation of an e-government [10]. Interviews and ques-
tionnaires were used to investigate the critical factors of the EDMS and to identify
its security and accessibility issues, its level of acceptance, and the influence of
individual, technological, and environmental factors on its adoption [11–13]. An
experiment-based method was used to investigate the usability of EDMSs from a
human factor engineering perspective [14]. A comprehensive systematic review of
the relevant literature was made to critically explore issues and practical strategies
to support accelerating the pace of positive change in managing electronic records
[5].

An investigation into the predictors of EDMS implementation will reveal valuable
information to plan the successful use of EDMS programs. The research responds to
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the recommendation of McLeod et al. [5] of a study in this field. The research seeks
to determine the predictors of government employees’ acceptance and adoption of
EDMS. The study adopts the unified theory of acceptance and use of technology
(UTAUT) as a foundation of exploring the predictors for EDMS use. The outcome of
this research will help government agencies understand the critical factors to effec-
tively implement EDMSs. Furthermore, the research identifies the relative impor-
tance of these predictors in the context of their priorities, which has been commonly
ignored in the literature. The rest of the research is structured as follows. In the first
section, the development of the theoretical underpinning of the research is shown.
The research then describes the search strategy applied in the development of the
literature review. Finally, the outcome of the literature review is presented using
tables.

2 The Unified Theory of Acceptance and Use of Technology

As stated byDavis et al. (1989), several theories andmodels have been used to provide
a theoretical base for examining factors that influence technology adoption in orga-
nizations [15]. The UTAUT framework is an all-encompassing version of the tech-
nology acceptance model (TAM), which was designed for a new system use context.
The UTAUT model addressed the fundamental principles of different conceptual
models, comprising innovation diffusion theory (IDT), social cognitive theory (SCT),
TAM, the theory of reasoned action (TRA), the theory of planned behavior (TPB),
and the motivational model. The UTAUT derives 32 variables from these theories to
downscale them into four variables, namely, social influence, facilitating conditions,
performance expectancy, and effort expectancy. The research considered the UTAUT
to be a suitable framework as it can improve the predictors of technological use to
as much as 70% [3]. This has been demonstrated to be superior to the TAM, whose
prediction accuracy can only reach up to 30%, while those of other models range
from 17 to 54%. Furthermore, international organizations have utilized the UTAUT
to predict technological adoption in Yemen, Tanzania, Botswana, Turkey, and New
Zealand [2, 3]. Therefore, the selection of the UTAUT framework appears justifiable
in this study.

Different factors are adopted and applied from the UTAUTmodel. Such elements
comprise social influence, performance expectancy, facilitating conditions, and effort
expectancy. Studies describe performance expectancy as the level to which people
consider using technology to help achieve job performance. It reflects the govern-
ment employees’ perception of expected performance improvement when using an
EDMS in handling the organization’s DM [16]. Studies demonstrate that perfor-
mance expectancy is the main factor for users to accept, use, or depict the intention
to use specific technology [17–19]. This factor is in line with the perceived useful-
ness of the EDMS in the TAM, and it describes people’s belief that using a specific
system will allow them to contribute and enhance their task performance. Several
items can be used to measure performance expectancy, including fast responses in



358 B. G. Lojonon and R. Alfred

the likeliness of any changes when using the EDMS, the improvement of task accu-
racy when using the EDMS, the reduction of work task handling times when using
the EDMS, the reduction in decision-making times when using the EDMS, and the
extensive management of life-cycle information when using the EDMS.

The literature describes effort expectancy as a level of ease related to the use of
technology. Effort expectancy demonstrates the complexity of adopting the EDMS
in the tasks of government employees. When government workers perceive that the
EDMS demandsminimal effort and is easy to use, high acceptance toward the EDMS
is expected. This variable corresponds to the EDMS’s perceived ease of use in the
TAM. Effort expectancy is also one of the primary attributes of the UTAUT to predict
usage, adoption, or behavioral intent to utilize a technology [17, 18]. Howard et al.
[17] described three scale items to measure effort expectancy: the EDMS guideline
is easy to follow; information among the stakeholders is easily exchanged following
the adoption of the EDMS; and cooperation with the EDMS can be easily learned.

Studies describe social influence as the level to which people believe that others
should use the technology. Social influence is in line with the subjective norm of
the TAM. The variable signifies the effect of external attributes such as the opinions
of friends and relatives on the government employees’ behavior. Their opinion will
affect the usage and adoption of the EDMS. Afshan [20] described the subjective
norm as individuals’ opinions that most people who influence them think they should
perform or not perform certain behaviors in context. They also demonstrated how
social influence is a critical element for technology usage, adoption, and intention.
The concept of social influence applies to real-life situations as it describes the
type of prestige that society is encouraged to follow. Bozorgkhou [19] noted two
levels of social influence. The first level is technological use, where family and
friends in other organizations using certain technologies encourage people to do the
same. The second level entails the outcome of using such technologies. Specifically,
users expect excellent feedback from the social setting following the achievement of
high performance because of new technological use. Two scales that measure social
influence include support from the organizational unit to use EDMSs and people
using EDMSs because of a high percentage of coworkers who use EDMSs.

Studies describe facilitating conditions as the level to which people believe that
governmental infrastructure supports their use of technology. The EDMS, as a new
form of technology, demands that the government employee acquire new skills, such
as computer skills and EDMS management. The government employee will not use
the EDMS if they do not have the necessary operational and management skills. The
literature demonstrates the relevance of facilitating conditions as the main attributes
of the UTAUT framework to predict user adoption [17, 18, 20]. Three scales measure
facilitating conditions: the availability of certain people for assistance with EDMS
complexities; the existence of specialized instructions for the EDMS; and guidance
for the selection of EDMS tools.
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3 Critical Success Factors from the Literature

The research focused on previous studies in EDMS. In the literature review, the
sources included the following: LIS databases, computer science databases, other
general databases (e.g.,Web of Science), andScopus©.Both quantitative and qualita-
tive studies were included for consideration in this review. The articles were included
if (1) they measured the predictors of EDMS acceptance, (2) they included public or
government employees, and (3) they were published from 2016 to 2020. Based on.

Table 1, common factors for EDMS implementation can be classified as follows:
organizational factors (i.e., collaboration, legislation environment, strategic plan-
ning, budget cost, top management support); technical factors (i.e., system integra-
tion, data quality, user requirements, security and privacy trust, IT implementation
team, ICT infrastructure); and user-related factors (i.e., resistance to change, staff
training, awareness). Table 2 identifies the relative importance of these factors in the
context of their priorities. Based on the abovementioned reviews, 40 factors have been
identified and categorized into four main variables of the UTAUT framework: “Per-
formance Expectancy (PE),” the level to which the government employee believes
that the EDMS can help improve job performance; “Effort Expectancy (EE),” the
level of ease related to EDMS usefulness; “Social Influence (SI),” related to govern-
ment employees who can be affected by the behaviors and attitudes of other people
and vice versa; and “Facilitating Conditions (FC),” the implications of governmental
infrastructure in supporting EDMS use, such as resources (training), knowledge, and
the user’s ability. As the study aimed to respond to the recommendation of McLeod
et al. [5] to explore the predictors of EDMS implementation, the research objective
was to determine which system acceptance factors are the most significant/important
to improve EDMS adoption and implementation. The AHP methods were used to
achieve this objective by combining all the factors into a hierarchicalmodel and quan-
titativelymeasuring their importance through pairwise comparisons [21]. During this
process, the aspects of the problem, from general to detailed, were explored and then
expressed in the multilevel manner required by the AHP.

Meanwhile, the key AHP methodology steps are as follows [28]:

Level 1. Developing the hierarchical (goal, criteria, and alternatives) structure of
the decision problem
Level 2. Using Saaty’s point scale (1–9) for the pairwise comparisons matrix for
the decision problem to assess the relative weights of the criteria
Level 3. Assessing the alternative relative priority with respect to the criteria and
finally calculating the overall priorities.



360 B. G. Lojonon and R. Alfred

Ta
bl

e
1

C
ri
tic

al
su
cc
es
s
fa
ct
or
s
fr
om

th
e
lit
er
at
ur
e

W
or
k

O
bj
ec
tiv

es
O
ri
gi
n
of

Fa
ct
or
s

O
ut
co
m
es

[2
2]

To
ev
al
ua
te
th
e
le
ss
on
s
le
ar
ne
d
fr
om

E
D
M
S

im
pl
em

en
ta
tio

n
A
ca
se

st
ud

y
of

th
e
M
in
is
tr
y
of

E
du

ca
tio

n
an
d

Sc
ie
nc
e
of

th
e
R
us
si
an

Fe
de
ra
tio

n
–
D
em

on
st
ra
tio

n
of

be
ne
fit
s

–
D
et
er
m
in
at
io
n
of

al
lp

ro
ce
ss
in
g
m
at
er
ia
ls
in

th
e

sc
ie
nt
ifi
c
or
ga
ni
za
tio

n
vi
a
th
e
E
D
M
S

–
E
D
M
S
fu
nc
tio

na
lit
y

–
U
sa
bi
lit
y
an
d
un

de
rs
ta
nd

in
g
of

ou
tp
ut

[3
]

To
ex
pl
or
e
fa
ct
or
s
th
at
af
fe
ct
th
e
us
e
an
d
no
n-
us
e

of
th
e
E
D
M
S

A
ca
se

st
ud

y
of

tw
o
pu

bl
ic
an
d
pr
iv
at
e

or
ga
ni
za
tio

ns
in

N
ig
er
ia

–
Se
ni
or

m
an
ag
em

en
ts
up

po
rt

–
C
ul
tu
re

of
sh
ar
in
g
in
fo
rm

at
io
n

–
Pr
ov
id
in
g
w
or
ke
rs
w
ith

ad
eq
ua
te
in
fo
rm

at
io
n
on

E
D
M
S-
re
la
te
d
pr
in
ci
pl
es

th
ro
ug
h
tr
ai
ni
ng

[1
0]

To
ex
am

in
e
ho
w
th
e
us
e
of

th
e
E
D
M
S
un
de
rm

in
es

or
fa
ci
lit
at
es

th
e
ap
pl
ic
at
io
n
of

an
e-
go
ve
rn
m
en
t,

w
ith

th
e
ob
je
ct
iv
e
of

re
co
m
m
en
di
ng

th
e
be
st

m
od

el
fo
r
E
D
M
S
m
an
ag
em

en
ti
n
su
pp

or
to

f
th
e

e-
go
ve
rn
m
en
t

A
n
in
te
rp
re
tiv

e
re
se
ar
ch

ap
pr
oa
ch

of
52

pa
rt
ic
ip
an
ts
re
tr
ie
ve
d
fr
om

e-
go
ve
rn
m
en
ts
er
vi
ce

ar
ea
s
an
d
th
e
K
en
ya

IC
T
A
ut
ho

ri
ty

–
T
he

to
p
m
an
ag
em

en
th

ad
lit
tle

to
an
ch
or

th
e

E
D
M
S
w
ith

in
th
e
e-
go
ve
rn
m
en
tb

ig
pi
ct
ur
e

–
E
D
M
S
is
an

es
se
nt
ia
ld

ri
ve
r
of

th
e
e-
go
ve
rn
m
en
t

[6
]

To
de
te
rm

in
e
th
e
ro
le
of

pr
oc
ed
ur
es

an
d
po

lic
ie
s

fo
r
E
D
M
S
im

pl
em

en
ta
tio

n
in

th
e
Pa
le
st
in
ia
n

Pe
ns
io
n
A
ge
nc
y

A
n
an
al
yt
ic
al
de
sc
ri
pt
io
n
of

po
lic
ie
s
an
d

pr
oc
ed
ur
es

at
th
e
pa
le
st
in
ia
n
pe
ns
io
n
ag
en
cy

–
L
eg
al
an
d
le
gi
sl
at
iv
e
gu
id
el
in
es

fo
r
th
e
E
D
M
S

–
St
ra
te
gy

re
tr
ie
va
la
nd

th
e
ba
ck
up

of
da
ta
in

th
e

ev
en
to

f
an

em
er
ge
nc
y

–
M
ec
ha
ni
sm

fo
r
pr
es
er
vi
ng

an
d
in
de
xi
ng

el
ec
tr
on

ic
do

cu
m
en
ts

–
D
efi
ni
ng

po
lic
ie
s
to

ge
ne
ra
te
in
fo
rm

at
io
n
fil
es

fo
r

th
e
do

cu
m
en
ts

(c
on

tin
ue
d)



Title Suppressed Due to Excessive Length 361

Ta
bl

e
1

(c
on
tin

ue
d)

W
or
k

O
bj
ec
tiv

es
O
ri
gi
n
of

Fa
ct
or
s

O
ut
co
m
es

[8
]

To
de
te
rm

in
e
th
e
ef
fe
ct
of

te
ch
no

lo
gi
ca
l

in
fr
as
tr
uc
tu
re

on
E
D
M
S
im

pl
em

en
ta
tio

n
A
ca
se

st
ud
y
of

th
e
pa
le
st
in
ia
n
pe
ns
io
n
au
th
or
ity

–
T
he

ex
is
te
nc
e
of

te
ch
no

lo
gi
ca
li
nf
ra
st
ru
ct
ur
e

re
su
lts

in
th
e
su
cc
es
s
of

E
D
M
S
im

pl
em

en
ta
tio

n
–
T
he

ap
pl
ic
at
io
n
of

co
m
pu

te
r
ha
rd
w
ar
e
an
d

so
ft
w
ar
e
re
su
lts

in
ef
fe
ct
iv
e
E
D
M
S

im
pl
em

en
ta
tio

n
–
T
he

ap
pl
ic
at
io
n
of

da
ta
ba
se
s
an
d
so
ft
w
ar
e

en
su
re
s
th
e
su
cc
es
s
of

E
D
M
S
im

pl
em

en
ta
tio

n
–
A
pp

ly
in
g
th
e
ex
is
tin

g
te
ch
no

lo
gy

in
th
e
co
nt
ex
t

of
co
m
m
un

ic
at
io
n
an
d
ne
tw
or
ks

re
su
lts

in
su
cc
es
sf
ul

E
D
M
S
im

pl
em

en
ta
tio

n

[1
1]

To
de
te
rm

in
e
th
e
ef
fe
ct
of

te
ch
no

lo
gi
ca
l,

in
di
vi
du

al
,a
nd

en
vi
ro
nm

en
ta
lf
ac
to
rs
on

E
D
M
S

im
pl
em

en
ta
tio

n

A
su
rv
ey

am
on

g
36

4
pa
rt
ic
ip
an
ts
in

hi
gh

er
pr
of
es
si
on

al
ed
uc
at
io
n

–
Se
cu
ri
ty

as
su
ra
nc
e

Po
lic
y
gu
id
an
ce

–
To

p
m
an
ag
em

en
ts
up

po
rt
in

E
D
M
S

im
pl
em

en
ta
tio

n
–
G
et
tin

g
th
e
fil
e
pl
an

ri
gh
t

–
E
D
M
Ss

ar
e
ef
fe
ct
iv
e
in

ac
hi
ev
in
g
or
ga
ni
za
tio

na
l

ob
je
ct
iv
es

–
E
D
M
Ss

ar
e
ea
sy

to
le
ar
n

[7
]

To
in
ve
st
ig
at
e
th
e
co
m
m
itm

en
to

f
th
e
to
p

m
an
ag
em

en
ti
n
su
pp

or
tin

g
an
d
de
ve
lo
pi
ng

E
D
M
Ss

an
d
th
e
su
cc
es
s
of

E
D
M
Ss

A
ca
se

st
ud
y
am

on
g
43

em
pl
oy
ee
s
in

th
e
W
es
t

B
an
k
an
d
65

em
pl
oy
ee
s
in

th
e
ga
za

st
ri
p
in

Pa
le
st
in
e

–
T
he

se
ni
or

m
an
ag
em

en
tp

re
se
nt
ed

a
le
ga
lf
ra
m
e

w
ith

in
th
e
or
ga
ni
za
tio

ns
to

w
or
k
th
ro
ug

h
th
e

E
D
M
S,

su
ch

as
sa
vi
ng

an
d
si
gn
in
g

–
T
he

to
p
m
an
ag
em

en
tw

as
co
m
m
itt
ed

to
im

pl
em

en
tin

g
po
lic
ie
s
an
d
pl
an
s
re
la
te
d
to

th
e

E
D
M
S

–
T
he

to
p
m
an
ag
em

en
te
nc
ou

ra
ge
d
on

lin
e
w
or
k

an
d
la
ck
ed

co
nfi

de
nc
e
in

m
an
ua
lt
as
ks

–
T
he

m
an
ag
er
s
ha
d
kn

ow
le
dg

e
of

th
e
na
tu
re

of
th
e

E
D
M
S

–
T
he

to
p
m
an
ag
em

en
tr
ep
re
se
nt
ed

th
e

en
vi
ro
nm

en
to

f
E
D
M
S
us
e

(c
on

tin
ue
d)



362 B. G. Lojonon and R. Alfred

Ta
bl

e
1

(c
on
tin

ue
d)

W
or
k

O
bj
ec
tiv

es
O
ri
gi
n
of

Fa
ct
or
s

O
ut
co
m
es

[1
4]

To
ex
am

in
e
th
e
ad
op

tio
n
of

th
e
E
D
M
S
in

go
ve
rn
m
en
ta
li
ns
tit
ut
io
ns

fr
om

a
hu

m
an

fa
ct
or

en
gi
ne
er
in
g
po

in
to

f
vi
ew

A
su
rv
ey

of
st
af
f
sa
tis
fa
ct
io
n
w
ith

a
hu

m
an
–m

ac
hi
ne

in
te
rf
ac
e

–
Sy

st
em

us
ab
ili
ty

–
Sy

st
em

fu
nc
tio

n
–
Sy

st
em

in
te
rf
ac
e

[1
2]

To
ex
am

in
e
th
e
cu
rr
en
tE

D
M
S
in

th
e
L
an
d
O
ffi
ce

of
M
al
ay
si
a

A
ca
se

st
ud

y
of

th
e
la
nd

an
d
di
st
ri
ct
of
fic

e
N
or
th

of
W
el
le
sl
ey
,P

en
an
g

–
T
he

E
D
M
S
is
sa
fe

to
us
e

–
T
he

E
D
M
S
is
m
or
e
ef
fic
ie
nt

th
an

a
m
an
ua
l

sy
st
em

–
T
he

E
D
M
S
is
ea
si
er

to
us
e
th
an

th
e
m
an
ua
l

sy
st
em

–
T
he

em
pl
oy
ee
s
ar
e
ed
uc
at
ed

an
d
yo

un
g
an
d
do

no
th

av
e
pr
ob

le
m
s
w
ith

E
D
M
S
ad
ap
ta
tio

n

[2
3]

To
in
ve
st
ig
at
e
fa
ct
or
s
th
at
in
flu

en
ce

th
e
ad
op
tio

n
of

E
D
M
S

A
qu
al
ita
tiv

e
re
se
ar
ch

of
lit
er
at
ur
e
re
la
te
d
to

E
D
M
Ss

–
T
he

le
ve
lt
o
w
hi
ch

an
em

pl
oy
ee

be
lie
ve
s
th
at
th
e

E
D
M
S
ca
n
he
lp

im
pr
ov
e
jo
b
pe
rf
or
m
an
ce

–
T
he

le
ve
lo

f
ea
se

re
la
te
d
to

E
D
M
S
us
e

–
T
he

le
ve
lt
o
w
hi
ch

an
em

pl
oy
ee

ca
n
be

in
flu

en
ce
d
by

th
e
be
ha
vi
or
s
an
d
at
tit
ud

es
of

ot
he
r

pe
op

le
an
d
vi
ce

ve
rs
a

–
T
he

im
pl
ic
at
io
n
of

te
ch
ni
ca
la
nd

or
ga
ni
za
tio

na
l

in
fr
as
tr
uc
tu
re

in
su
pp
or
tin

g
E
D
M
S
us
e,
su
ch

as
tr
ai
ni
ng

,r
es
ou

rc
es
,k

no
w
le
dg

e,
an
d
ab
ili
ty

–
Se
cu
ri
ty

as
su
ra
nc
e

–
Po

lic
y
gu

id
an
ce

(c
on

tin
ue
d)



Title Suppressed Due to Excessive Length 363

Ta
bl

e
1

(c
on
tin

ue
d)

W
or
k

O
bj
ec
tiv

es
O
ri
gi
n
of

Fa
ct
or
s

O
ut
co
m
es

[2
3]

To
ex
pl
or
e
th
e
us
e
of

E
D
M
Ss

in
pu
bl
ic
se
rv
ic
e
in

Z
im

ba
bw

e
an
d
N
am

ib
ia
,w

ith
th
e
ob
je
ct
iv
e
of

hi
gh
lig

ht
in
g
th
e
en
ab
le
rs
an
d
be
st
pr
ac
tic
es

ea
ch

co
un

tr
y
co
ul
d
ad
op

tf
ro
m

th
e
ot
he
r

A
co
m
pa
ra
tiv

e
ca
se

st
ud

y
of

N
am

ib
ia
an
d

Z
im

ba
bw

e
–
T
he

pr
oc
es
s
of

or
ga
ni
za
tio

na
lc
ha
ng

e
du

ri
ng

E
D
M
S
us
e

–
To

p
m
an
ag
em

en
ts
up

po
rt
in

E
D
M
S

im
pl
em

en
ta
tio

n
–
T
he

ex
te
nt

to
w
hi
ch

th
e
go
ve
rn
m
en
te
m
pl
oy
ee

ac
ce
pt
s
an
d
ad
op
ts
th
e
E
D
M
S

–
C
om

po
si
tio

n
of

th
e
pr
oj
ec
tt
ea
m

–
G
et
tin

g
th
e
fil
e
pl
an

ri
gh
t

–
E
m
pl
oy
ee

tr
ai
ni
ng

on
th
e
sy
st
em

–
R
es
ou

rc
es

fo
r
th
e
on

go
in
g
su
pp

or
to

f
th
e
sy
st
em

[2
4]

To
an
al
yz
e
th
e
us
e
of

th
e
E
D
M
S
in

lim
iti
ng

th
e

ch
al
le
ng

e
of

lo
w
co
ns
um

pt
io
n
le
ve
ls
th
ro
ug

h
th
e

le
ns

of
th
e
in
fo
rm

at
io
n
sy
st
em

su
cc
es
s
m
od
el
an
d

th
e
U
TA

U
T

C
on

te
nt

va
lid

at
io
n
by

pa
ne
le
xp

er
ts
an
d
fe
ed
ba
ck

an
al
ys
is
us
in
g
a
co
nt
en
tv

al
id
ity

ra
tio

–
T
he

E
D
M
S
en
ab
le
s
th
e
co
m
pl
et
io
n
of

ro
ut
in
e

ta
sk
s
ea
si
ly

–
T
he

E
D
M
S
im

pr
ov
es

w
or
k
pe
rf
or
m
an
ce

–
E
D
M
Ss

ar
e
ef
fe
ct
iv
e
in

ac
hi
ev
in
g
or
ga
ni
za
tio

na
l

ob
je
ct
iv
es

–
E
D
M
Ss

ar
e
ea
sy

to
le
ar
n
an
d
ea
sy

to
co
nt
ro
l

–
T
he

E
D
M
S
av
ai
ls
a
us
er
-f
ri
en
dl
y
sy
st
em

in
te
rf
ac
e

–
C
ol
le
ag
ue
s
re
co
m
m
en
d
th
e
us
e
of

th
e
E
D
M
S

–
To

p
m
an
ag
em

en
tr
ec
om

m
en
ds

th
e
us
e
of

th
e

E
D
M
S

–
Su

bo
rd
in
at
es

su
pp

or
tt
he

us
e
of

th
e
E
D
M
S

–
T
he

E
D
M
S
ha
s
an

im
pa
ct
on

re
pu

ta
tio

n
–
Pe
op
le
us
in
g
E
D
M
Ss

ar
e
hi
gh
ly

re
ga
rd
ed

–
Se
ni
or

m
an
ag
em

en
tp

ro
vi
de
s
go

od
su
pp

or
to

f
E
D
M
Ss

–
T
he

E
D
M
S
ca
n
be

in
te
gr
at
ed

in
to

ot
he
r

te
ch
no

lo
gi
es

–
A
su
pp
or
tt
ea
m

is
av
ai
la
bl
e
w
he
n
th
er
e
is

di
ffi
cu
lty

in
m
an
ag
in
g
th
e
E
D
M
S

–
T
he

or
ga
ni
za
tio

n
pr
ov
id
es

ad
eq
ua
te

in
fr
as
tr
uc
tu
re

–
T
ra
in
in
g
le
ss
on

s
ar
e
pr
ov
id
ed

(c
on

tin
ue
d)



364 B. G. Lojonon and R. Alfred

Ta
bl

e
1

(c
on
tin

ue
d)

W
or
k

O
bj
ec
tiv

es
O
ri
gi
n
of

Fa
ct
or
s

O
ut
co
m
es

[2
5]

To
de
si
gn

an
au
th
or
ita
tiv

e
su
rv
ey

to
ol

ba
se
d
on

st
ri
ng

en
ti
ns
tr
um

en
td

ev
el
op

m
en
tp

ro
to
co
ls

A
st
ud

y
on

fa
ct
or
s
in
flu

en
ci
ng

th
e
ad
op

tio
n
of

el
ec
tr
on

ic
an
d
re
co
rd

m
an
ag
em

en
ts
ys
te
m

(E
D
R
M
S)

–
T
he

or
ga
ni
za
tio

n
pr
ov
id
es

ad
eq
ua
te

in
fr
as
tr
uc
tu
re

–
T
ra
in
in
g
le
ss
on

s
ar
e
pr
ov
id
ed

–
T
he

E
D
M
S
im

pr
ov
es

w
or
k
pe
rf
or
m
an
ce

–
E
D
M
Ss

ar
e
ef
fe
ct
iv
e
in

ac
hi
ev
in
g
or
ga
ni
za
tio

na
l

ob
je
ct
iv
es

–
E
D
M
Ss

ar
e
ea
sy

to
le
ar
n
an
d
ea
sy

to
co
nt
ro
l

–
T
he

E
D
M
S
av
ai
ls
a
us
er
-f
ri
en
dl
y
sy
st
em

in
te
rf
ac
e

–
C
ol
le
ag
ue
s
re
co
m
m
en
d
th
e
us
e
of

th
e
E
D
M
S

–
Su

bo
rd
in
at
es

su
pp

or
tt
he

us
e
of

th
e
E
D
M
S

–
T
he

E
D
M
S
ca
n
be

in
te
gr
at
ed

in
to

ot
he
r

te
ch
no

lo
gi
es

[1
3,
23

]
To

ex
pl
or
e
fa
ct
or
s
co
nt
ri
bu
tin

g
to

E
D
M
S

im
pl
em

en
ta
tio

n,
w
ith

th
e
ob

je
ct
iv
e
of

fo
rm

in
g

cr
iti
ca
lf
ac
to
rs

A
qu

al
ita

tiv
e
st
ud

y
of

th
e
N
am

ib
ia
n
pu

bl
ic

se
rv
ic
e

–
T
ra
in
in
g
fo
r
th
e
em

pl
oy
ee
s

–
Sa
fe
ty
,s
ec
ur
ity
,a
nd

co
nfi

de
nt
ia
lit
y
of

th
e
re
co
rd
s

in
th
e
sy
st
em

s
–
R
is
ks

of
ob

so
le
sc
en
ce

of
ha
rd
w
ar
e
an
d
so
ft
w
ar
e

–
Sy

st
em

m
ai
nt
en
an
ce

–
W
or
kfl

ow
sy
st
em

s
in
te
gr
at
io
n

–
To

p
m
an
ag
em

en
ts
up

po
rt
an
d
re
so
ur
ce
s

co
m
m
itm

en
t

–
E
nd

us
e
bu
y-
in

–
Pr
oc
es
se
s
of

co
nv
er
tin

g
pa
pe
r
re
co
rd
s
to

el
ec
tr
on

ic
fo
rm

at
–
E
as
e
of

re
tr
ie
vi
ng

in
fo
rm

at
io
n
vi
a
el
ec
tr
on
ic

so
ur
ce
s
co
m
pa
re
d
to

vi
a
pa
pe
r
re
co
rd
s

–
E
as
e
of

sh
ar
in
g
in
fo
rm

at
io
n

[2
,1
5]

To
ex
am

in
e
fa
ct
or
s
th
at
af
fe
ct
th
e
us
e
an
d
no
n-
us
e

of
th
e
E
D
M
S

A
ca
se

st
ud

y
of

th
e
M
in
is
tr
y
of

T
ra
de

an
d

In
du
st
ry

in
B
ot
sw

an
a

–
E
D
M
S
fu
nc
tio

na
lit
y

–
U
sa
bi
lit
y
an
d
un

de
rs
ta
nd

in
g
of

ou
tp
ut

–
D
em

on
st
ra
tio

n
of

be
ne
fit
s



Title Suppressed Due to Excessive Length 365

Ta
bl

e
2

C
ri
tic

al
su
cc
es
s
fa
ct
or
s
an
d
de
fin

iti
on

of
th
e
U
TA

U
T

U
TA

U
T
fa
ct
or
s

C
ri
tic
al
su
cc
es
s
fa
ct
or

W
or
ks

Pe
rf
or
m
an
ce

ex
pe
ct
an
cy

1.
E
D
M
S
fu
nc
tio

na
lit
y

2.
U
sa
bi
lit
y
an
d
un

de
rs
ta
nd

in
g
of

ou
tp
ut

3.
D
em

on
st
ra
tio

n
of

be
ne
fit
s

4.
Pi
lo
tin

g
an
d
te
st
in
g

5.
In
te
gr
at
io
n
of

sy
st
em

s
an
d
te
ch
no

lo
gy

6.
U
se
r
fr
ie
nd
lin

es
s
of

E
D
M
S

7.
E
ffi
ci
en
cy

of
E
D
M
S

8.
E
ff
ec
tiv

en
es
s
of

E
D
M
S

[2
,1
1–

14
,2
2,
24

–2
6]

E
ff
or
te
xp

ec
ta
nc
y

1.
Pr
oc
es
s
re
ad
in
es
s

2.
In
fr
as
tr
uc
tu
re

re
ad
in
es
s

3.
A
rc
hi
te
ct
ur
e
re
ad
in
es
s

4.
Su

pp
or
to

f
te
am

-b
as
ed

ap
pr
oa
ch
es

to
pr
ob

le
m

so
lv
in
g

5.
Sp

ir
it
of

co
op

er
at
io
n
an
d
te
am

w
or
k

6.
Sh

ar
in
g
of

ex
pe
rt
is
e

7.
C
ha
ng

e
of

m
an
ag
em

en
t

8.
A
ss
ur
an
ce

th
at
a
pr
oj
ec
th

as
a
cl
ea
r
ag
en
da

9.
A
lig

nm
en
to

f
pr
oj
ec
ts
w
ith

bu
si
ne
ss

ob
je
ct
iv
es

10
.
C
om

m
un

ic
at
io
n

11
.
Po

lic
ie
s
an
d
gu
id
el
in
es

[6
,7
,1

2,
24

,2
5]

So
ci
al
in
flu

en
ce

1.
M
an
ag
em

en
t,
le
ad
er
sh
ip
,a
nd

co
m
m
itm

en
tt
ow

ar
d
E
D
M
S

2.
C
ol
le
ag
ue
s’
re
co
m
m
en
da
tio

n
of

th
e
us
e
of

E
D
M
S

3.
To

p
m
an
ag
em

en
t’s

re
co
m
m
en
da
tio

n
of

th
e
us
e
of

E
D
M
S

4.
Su

bo
rd
in
at
es
’
su
pp

or
to

f
th
e
us
e
of

E
D
M
S

5.
Im

pa
ct
of

E
D
M
S
on

re
pu

ta
tio

n
6.

H
ig
h
re
ga
rd

of
pe
op
le
us
in
g
E
D
M
S

7.
Pl
an
ni
ng

an
d
pr
oj
ec
tm

an
ag
em

en
t

8.
G
ai
ni
ng

of
co
m
m
itm

en
ta
nd

su
pp

or
to

f
ch
ie
f
ex
ec
ut
iv
e
of
fic

er
s

9.
To

p
m
an
ag
em

en
te
nc
ou

ra
ge
m
en
tt
ow

ar
d
in
fo
rm

al
or

fo
rm

al
co
m
m
un

ic
at
io
n

10
.
D
ev
el
op
m
en
to

f
cl
ea
r
m
is
si
on

re
ga
rd
in
g
bu
si
ne
ss

ob
je
ct
iv
es

11
.
To

p
m
an
ag
em

en
te
nc
ou

ra
ge
m
en
tt
ow

ar
d
us
e
of

E
D
M
S

[3
,1
0,

24
,2
5]

(c
on

tin
ue
d)



366 B. G. Lojonon and R. Alfred

Ta
bl

e
2

(c
on
tin

ue
d)

U
TA

U
T
fa
ct
or
s

C
ri
tic
al
su
cc
es
s
fa
ct
or

W
or
ks

Fa
ci
lit
at
in
g
co
nd
iti
on
s

1.
A
ct
iv
e
en
co
ur
ag
em

en
to

f
em

pl
oy
ee

pa
rt
ic
ip
at
io
n
in

E
D
M
S-
re
la
te
d
de
ci
si
on
s

2.
In
vo
lv
em

en
to

f
al
ll
ev
el
s
w
ith

in
th
e
or
ga
ni
za
tio

n
an
d
ex
te
rn
al
st
ak
eh
ol
de
rs

3.
C
on

si
st
en
tu

pd
at
es

of
m
an
ag
em

en
tk

no
w
le
dg

e
4.

In
vo
lv
em

en
to

f
E
D
M
S
en
d
us
er
s

5.
A
de
qu

at
e
tr
ai
ni
ng

an
d
su
pp

or
tf
or

us
er
s

6.
R
eq
ui
re
m
en
t-
dr
iv
en

pr
oc
ur
em

en
tp

la
nn

in
g

7.
Pr
ov
is
io
n
of

te
ch
ni
ca
lr
es
ou
rc
es

(e
.g
.,
eq
ui
pm

en
t,
so
ft
w
ar
e)

8.
H
um

an
re
so
ur
ce

av
ai
la
bi
lit
y

9.
Su

ffi
ci
en
tm

on
et
ar
y
re
so
ur
ce
s
pr
ov
id
ed

to
su
pp
or
tE

D
M
S
im

pl
em

en
ta
tio

n
10
.
Pr
io
r
de
ve
lo
pm

en
to

r
ex
is
te
nc
e
of

ne
ce
ss
ar
y
in
fr
as
tr
uc
tu
re
s

[7
,1
3,

23
–2

7]



Title Suppressed Due to Excessive Length 367

4 Conclusion

The factors affecting government employees’ acceptance of EDMSs were identified
based on the literature review, and their relative importance was determined by prior-
itizing them using the AHP. The AHP is a multi-criteria decision-making (MCDM)
tool thatmeasures the importance of these factors through pairwise comparisons [21].
Based on the results obtained, 40 factors have been identified and categorized under
four main variables of the UTAUT framework, namely, “Performance Expectancy
(PE),” “Effort Expectancy (EE),” “Social Influence (SI),” and “Facilitating Condi-
tions (FC).” The findings of this study reveal that “Performance Expectancy (PE)”
and “Effort Expectancy (EE)” are the two most important factors that affect the use
of EDMS among government employees.

The critical success factor from the literature is a means to align information
technology planning with the strategic direction of an organization. However, this
research has limitations that require further investigation. One limitation is that the
rating scale used in the AHP is conceptual with a risk of bias while making pair-
wise comparisons of different factors [29]. Future work should take due care when
deciding on the relative scores of the different factors. Also, the AHP technique may
have excluded certain interrelationships among factors and sub-factors that need
to be considered. Therefore, this study can be further extended by considering the
adoption of other MCDM tools such as the analytic network process (ANP) [29, 30].

Besides that, most of the organizations may exploit the information that they
have already entered into their electronic document management systems (EDMS)
to extract hidden pattern or knowledge which is known as “DataMining”. Extracting
hidden knowledge and summarizing data extracted from the EDMS is another area
that should be exploited in order to review the acceptance of most organizations in
using machine intelligence of the Fourth Industrial Revolution (4IR) technologies
in managing their daily data manipulation operations for structured [31–33] and
unstructured data [34–36].
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Hadith Arabic Text Classification Using
Convolutional Neural Network
and Support Vector Machine

Irwan Mazlin, Izani Mohamed Rawi, and Zaki Zakaria

Abstract There are a lot of work has been implemented to solve the problem of
text classification but There is only few researchers doing Arabic text classification
because of the difficulties in text preprocessing. Convolution Neural network and
support vector machine is two different algorithm that can be applied on text clas-
sification. CNN seems to be good in extracting the feature from input and SVM is
good for classify the class. This study is to introduce Hadith text classification using
Convolutional Neural Network and Support Vector Machine. In order to get prelimi-
nary result, we usedBBCnews article (English language) andArabic tweet sentiment
(Arabic language) as dataset for CNNwith SVMmodel. There are 4methods to eval-
uate the model which are f1-score, precision and recall and accuracy and error rate
probability. We evaluate the model using accuracy and loss using different learning
rate. Themodel accuracy and loss for preliminary result of BBCnews article (English
language) and Arabic tweet sentiment(Arabic language) are 0.857 accuracy, 0.245
loss and 0.884 accuracy, 0.344 loss. This shows that the proposedmodel has potential
for Hadith text classification.

Keywords Artificial intelligent · Machine learning · Deep learning · Text
classification · Hadith

1 Introduction

In this era of technology, text classification has become hot topic to most researchers
due to the increasing data on the internet [1]. Most of researchers take the initiative
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to do some work on text classification in order to get high accuracy and can solve
text classification problem [2]. Text classification is the assigning of text document
or corpus into several classes [3]. The increasing data on the data is also one of
the factors that the researcher like to do some work on text classification. Unlike
English, there are only few researchers doing text classification for Arabic language
[3]. This study is about to introduce the combining between two algorithm which
are Convolutional Neural Network and Support Vector Machine. This studies also
we improve the model by applying bath normalization in order to combat overfitting
The idea of this study is the model extract the text feature using CNN and training the
data based on the extracted feature using Multi-layer Perceptron and Support Vector
Machines We are using BBC news articles (English language) and Arabic tweet
sentiment (Arabic language) as dataset in order to get preliminary result before we
proceed to use the propose model for Arabic language. The purpose of this study
is to investigate has the potential to apply on Hadith Arabic text classification. We
have tested several models such are CNN + SVM using BBC news articles (English
language) andArabic tweet sentiment (Arabic language) for classification. In the next
section, we organize the explanation of this study as follow: in Sect. 2 we present
the related work of CNN and SVM; in Sect. 3 we explain the architecture design of
CNN and SVM; in Sect. 4 is the preliminary result we get after train the model and
Sect. 5 is the conclusion to close this studies.

2 Literature Review

The purpose of Arabic text classification is to classify a document with text into
several classes such as zakat and hajj [4]. Due to the increase text data in the internet,
text classification has become a hot topic in their research. There are two methods
to classify text into several classes. First is manually created a set of rules and it
will become an expert system to classify the text. The result from the expert system
shows higher accuracy. However, it consumes a lot of time for text classification
process. Secondly, machine learning algorithm. By using machine learning algo-
rithm will give best performance to classify text. There are many machine learning
techniques that can be used for text classification. Most of the studies have solved
the problem of text classification using dataset English language. However, there
are few researcher breakthroughs the idea by applying text classification in Arabic
language. For example, [5] proposed a project for text classification using convolu-
tional neural network by using English language as the dataset; [6] presented a paper
by using LSTM-CNN on text classification able to improve accuracy of the model;
[7] did an experiment on text classification using convolutional neural network. They
stated that by using this model, it has the ability to improve the accuracy. In [8], it is
effective using convolutional neural network model in NLP and it also show higher
accuracy in semantic classification. These all work use English language as dataset to
train the model. However, there are few researchers applied text classification using
support vector machine in Arabic language. For example, [9] propose using SVM
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on Arabic text classification with active learning method; [10] proposed text classi-
fication using SVM and they did the experiment by segmented the word on Arabic
text classification; In [11] did an experiment by compare SVM technique with other
technique in Quranic text classification; [12]; [13] proposed a project using SVM on
Arabic text classification and employ N-gram kernel in SVM.

3 Methodology

This study proposed a model can classify single-label data. This propose model use
Kitab bukhari, muslim and tirmidhi dataset in Arabic language. The dataset has 1231
documents with 3 different classes which are prayer, zakat and fasting.

In the course of this study, the model should be able to give high accuracy in
the end of model training and classify the model has several main processes which
are data collection, text preprocessing, data separating into training and testing, and
classification process. In general, Fig. 1 illustrates the process of this study.

• Data Collection and Preparation

In this research, the researcher using CNN + SVM to classify the topic of Hadith
Bukhari in Arabic text classification. The researcher will collect and classify manu-
ally the selected topic in Hadith which are Prayers, Fasting and zakat. The data can
be collected at different sources such as sunnah.com and http://islamport.com/Al-
Bokhary.pdf. However, due to the limited of time, the researchers use BBC news
article (English language) and Arabic tweet sentiment (Arabic language) investi-
gate whether the model has the potential for Hadith Arabic text classification. The
BBC news article (English language) and Arabic tweet sentiment (Arabic language)
consist four classes which are sports, politics, economic, and entertainment. The total
text in the document is 17 k text.

Fig. 1 Convolutional neural network architecture for text classification [7]

http://islamport.com/Al-Bokhary.pdf
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• Text Pre-processing

Text Pre-processing can be done by removing noise in contained dataset. In this
study, the researcher uses several, text pre-processing method namely Tokenization,
noise cleaning, stopword removal and stemming. The complete pre-processing step
shown in Fig. 2.

• Tokenization is the process of convert word into unique number. This process uses
the existing library function in python programming language.

• Cleaning is the processing of removing punctual mark, symbol, numbers, and
non-arabic character that exist in the data. This process uses the existing library
function in python programming language

• Stopword is the process of removing the word that are not related information in
the dataset.

• Stemming is the process removing prefix and suffix in word to convert it into
base word. This process uses the existing library function in python programming
language

• Normalization is the process of normalize the character in word. For example, the
huruf of taa marbutah in alif, and different form of alif ( ) convert into This
process uses python programming language to normalize the Arabic character

After finish cleaning the data from noise, the data will split it into training sample
and testing. This study, the researcher split it into 80% for training sample and 20%
for testing sample.

Fig. 2 Flowchart of Hadith Arabic text classification
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• Classification using CNN and SVM

In this research, we use CNN for classification because the complexity of Arabic
language make CNN is a good candidate for classification [1]. The researcher also
implement the Batch Normalization in CNN to counter overfitting. However, the
researcher eliminates the dropout in CNN model since BN also can be act as one of
regularization technique to counter overfitting. CNN model for Hadith Arabic Text
Classification consist of four layer with are Embedding layer, Convolutional Layer,
Rectified Linear Unit, Pooling Layer, and Full connected layer. The researcher using
SVM as classifier in this researcher. The Fig. 1 shows the architecture of CNN.

3.1 Embedding Layer

Embedding layer is the text data is vectorize to formmatrix. Each row is a vector and
represent a word. Each row of the matrix also represent as a token, can be a word or
character. The researcher using a word to represent a token in embedding layer. The
representation of text data can be made by using equation below.

s × d (1)

3.2 Convolutional Layer

Convolutional layer is the layer that will do the convolution operation over the text
matrix. Convolution operation is the multiplication and addition between the filter
and text matrix. The larger the number of filter use for convolution operation produce
a lot of feature maps in convolutional layer. The width of the filter is equal as the
length of the sentences. By convolving the filter over the width and height of the
input, feature maps can be generated [14, 15]. The equation below is the formula for
convolution process:

k∑

x=1

g(y · d − x + c) (2)
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3.3 Rectified Linear Unit

Rectified Linear Unit is the activations function in Convolutional Neural Network
Model. The goal of rectified linear unit is to replace negative value with 0 within
input matrix and any positive value in the input matrix will remain the same. The
operation of Rectified Linear Unit can be applied by using equation and the graph
of rectified linear unit is shown below:

f (x) = max(0, input) (3)

3.4 Pooling Layer

Byapply pooling layer, it able to reduce the size of featuremaps in rectified linear unit.
There are two types of pooling layer which are compute max value of convolution
or average value of operation [16]. If we used max pooling, we are only taking the
maximum value in the input feature maps [17] and average pooling is to calculate the
average value in the matrix of feature map [18]. The equation below is the equation
for pooling process

max(g(y · d − x + c)) (4)

3.5 Multi-layer Perceptron

Typically, fully connected layer was used at then of convolutional neural network.
Fully connected layer dealswith the combination of feature in order to predict classes.
The process of fully connected layer is the value of the output in the last layer of
convolutional neural network works as the input in fully connected layer and it
will determine which feature are belong to particular class. The operation of fully
connected layer is the layer will compute the product of weight and adjust weight to
correct the probabilities for each class [19]. The way of the model adjusts the weight
is through backpropagation process [20]. Basically, the purpose of backpropagation
process is to find the most accurate weight for each class. Each neuron will have their
own weight and their weight will be adjusted. Usually, the researchers use Softmax
as an activation function in MLP to adjust weight to predict classes [21]. However,
we are using Hinge loss function in order to use SVM as classifier to predict classes.
The way the model classifies the classes is using voting process. Every neuron vote
on every label and the most vote of weight is the decision of class. The operation of
backpropagation can be made using formula below.
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3.6 Batch Normalization

Batch normalization is one of the techniques to avoid overfitting. There are several
ways to avoid overfitting which are dropout and regularization. In this study, the
researcher used Batch Normalization to avoid overfitting. Batch Normalization is a
technique to solve the problem of the model on overfitting in a model. The purpose
of using batch normalization is to reduce covariate shift in the network [14, 15].
Covariate shift is the change of the distribution of the hidden activation. For example,
during the training of neural network, if the distribution of hidden activation has a
change in weight and bias in current layer, it will changes for the next layer too.
In this paper [17], they are using batch normalization in the network and it helps
the network to train efficiently. The Fig. 3 shows the scenario of model using batch
normalization and without using batch normalization.

The benefit of using Batch Normalization is it able to accelerate model to learn
data and it improve the accuracy of the model [14, 15]. It is also can reduce the
dropout usage because by using batch normalization can speed up model training
without overfitting. The equation below shows the batch normalization algorithm:

μβ ← 1

m

m∑

t=1

x1 (5)

σ 2
β ← 1

m

m∑

t=1

(x1 − μβ)2 (6)

x̂ ← x1 − μβ√
σ 2

β+ ∈
(7)

y1 ← γ x1
∧ + β ≡ BNγ1β(x1) (8)

Fig. 3 Scenario with and without using batch normalization
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3.7 Support Vector Machine

Support vector machine is a machine learning algorithm where the model analyses
the data for classification and regression task. SVM is a machine learning algorithm
that introduced by [18]. Basically, SVM constructs hyperplane in high dimensional
space for classification and regression task. If the hyperplane has large distance
of training data point, it should achieve good separable between classes [22]. The
main goal of SVM is to find the optimal separating hyperplane that has maximum
margin between two classes. The larger the margin, the lower the error rate of the
model [23]. SVM classifier can be applied in several areas which are text classifica-
tion, image classification and regression. From the theory of computational learning
theory, SVMconstruct the hyperplane to separate into two classes and SVMconstruct
the hyperplane based on support vector. The SVM process can made using equation
below:

min
1

p
wTw + C

p∑

i=1

max
(
0, 1 − y′

i

(
wT xi + b

))
(9)

Figure 4 shows the process ofHadithArabic Text Classification for this study. This
study is to proposed amodel forHadithArabic text classification usingConvolutional
Neural Network and Support Vector Machine. However, due to the limited of time,
the researcher used BBC news articles and Arabic tweets sentiment to investigate
the potential of the model for this research. First step is embedding layer to represent
text into input matrix. The text data in vectorized to form in matrix. Each row of
vector represents a token which is a word. The dimensional word is 300. Then,
the matrix will become an input in CNN to generate feature maps. The value of
weight in pooling layer will become an input in full connected layer. For this pre-test
model. This research using multiple size of filter to generate feature maps with (4,
5, 6) since in this research [7] using this parameter and achieve higher accuracy for

Fig. 4 The process of Hadith Arabic text classification
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their research. However, the researcher did not used dropout to counter overfitting
because based on this study [14, 15], BN also can be act as regularization technique
to counter overfitting. The total number of filters is 50. Finally, for fully connected
layer, the researcher applied 32 units in order to perform 1 of 2 classes for Arabic
tweet sentiment and 1 of 5 classes for BBC news articles followed by the SVM
classifier.

4 Result and Discussion

We have tested different learning rate value and apply batch normalization and
without batch normalization in the network. Different parameter testing gives
different result of accuracy. We used four layers of convolutional and pooling and
two layers of dense and SVM as classifier which is used hinge loss as calculation
for error rate value. In order to train the model, we used tensorflow framework as a
tool to develop the model. The framework able to set how many layers and set the
parameter the fit for training. The researcher test the model with the parameter shown
in Table 4. The parameter shown in Table 4 achieves up to 85.7% accuracy, 24.5%
loss for English language, and 88.4% accuracy, 34.4% loss for Arabic language and
regularization which is BN were applied in CNN after rectified layer. Based on our
finding in Table 1, the model shows that it has the potential for Hadith Arabic text

Table 1 Performance of the model

Loss and accuracy without BN Loss and accuracy with BN
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Table 2 The evaluation
model using different dataset

Dataset Accuracy Loss

BBC news article(English Language 85.7% 24.5%

Arabic tweet sentiment (Arabic language) 88.4% 33.4%

classification. Plus, the complexity of Arabic language make CNN is a good candi-
date to apply on Arabic language [4]. The Table 1 shows the performance of the
model in view of accuracy and loss.

Table 2 below show the evaluation of themodel using different dataset. The dataset
used are BBC news article (English language) and Arabic tweet sentiment (Arabic
language). The evaluation shows that the model gives reasonable result using both
dataset in English language and Arabic language. The loss of the model without BN
seems overfitting in middle of training phases and with BN continuous decreasing.
It prove that BN also can be used as regularization techniques as mention in this
research [5]. The contribution of this research is we eliminate the dropout in the
architecture of CNN that usually people used combat overfitting like in this study [6,
7] and attach BN in the CNN layer to avoid overfitting (Tables 3 and 4).

Table 3 Show the accuracy and loss graph using different dataset

Accuracy Loss

BBC news
article(English
Language)
Blue line is testing and
red line is training

Arabic tweet sentiment
(Arabic language)
Blue line is training and
red line is testing

Table 4 Parameter setting Size of filter (4, 5, 6)

Learning rate 0.01

Filter striding size 2

Dimension 300

Length of sequence Maximum value of text
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5 Conclusion

In this research, we are using three different model on BBC news article (English
language) and Arabic tweet sentiment (Arabic language) dataset to investigate the
performance of this model for Hadith Arabic text Classification for future work.
The result show that CNN + SVM model give reasonable accuracy with 85.7% for
English language and 88.4% for Arabic language. It should give the promising result
if apply on Hadith dataset. Besides that, we also will do comparison with the existing
word representation model for Hadith Arabic text classification.
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Abstract In this paper, a virtual assistant framework called Alice is presented. This
virtual assistant is a combination of 3D avatar, face detection, face recognition and
face expression recognitionwith a voice assistant that similar toAmazon’sAlexa. The
3D avatar (Alice) is a female character animated using Unity and the lip is animated
to sync with the speech to make it looks like speaking. Besides that, the 3D avatar
can display different facial expressions such as happy, sad and upset. Face detection
and recognition makes the system aware of the human user’s identity. Whereas, face
expression recognition enables the system to detect the facial expression of the human
user. Whenever there is a question being asked, the system will use Speech-to-Text
system to convert human speech to text and Natural Language Processing to interpret
the intent behind the text. Based on the result of interpretation, the system decides
which audio file to be used as response. Then, a realistic artificial voice is generated as
response to the human user. The system can access database based on user’s identity
to retrieve information about that user. This may create a personalized experience
for the human user. This framework can be customized for other applications for
different fields. For this Alice framework, two applications have been developed
namely a question answering chatbot and a customer service agent.
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1 Introduction

Achatbot is a software applicationwhich is used in place of a human staff to carry out
conversation online through text or speech. Traditionally, online customer service
and call centres staffed by human workers are responsible for this task. Due to the
rise of Artificial Intelligence (AI), chatbots are becoming more intelligent and are
taking over the task of human staffs [1, 2].

There are two types of chatbots which are text-based chatbots [3–5] and speech-
based chatbots [6, 7]. Text-based chatbots interacts with users via text. They have
many applications which include customer support and question answering. In [3], a
conversational chatbot was developed to simulate a technical support representative
to provide customer services for an online course provider. The developer’s goal is to
build a cost-effective and efficient chatbot to minimize the cost of customer service.
Potential customers can use the chatbot via Twitter, Messenger, Telegram andWhat-
sApp. The message from the user of the chatbot is parsed using Natural Language
Processing (NLP) [8] to understand user’s intention in the input message. Based on
the user intention, the chatbot retrieves pre-defined response or conducts search in
historical data to construct the response. Chatbot is incapable of understanding every
question and responds accordingly and this leads to poor experience for customer.

In [4], a text-based chatbot was developed to answer university-related ques-
tions. The message from the user is processed via several steps. Firstly, the program
checks and fix the spelling of the words in the messages. Then, the program breaks
down the message into words and check if the words exist in database. The authors
defined several important keywords relevant to questions in the database. If the words
matched, the program carries out a SQL query to retrieve the answer.

In [5], a chatbot was developed as an E-Learning assistant. The NLP component
consists of two different NLP models which include a retrieval-based model and
a QANet model [9]. The QANet model uses a neural network architecture which
consists of convolutional neural networks (CNN) with self-attention. It is trained on
Stanford Question Answering Dataset (SQuAD). The QANet is trained for reading
comprehension question answering. When given a user’s question and an article
as input, the QANet will select parts of text from the given article as output. To
use this model for chatbot, the authors modified the training method for QANet for
everyday conservation. Besides that, psychologists and AI engineers have teamed
up in building a chatbot for mental health therapy [5]. The chatbot is based on
a type of widely used therapy called Cognitive Behavioral Therapy (CBT) [10]. A
study by Stanford University shows that this chatbot significantly reduce anxiety and
depression among people aged 18–28 years old when compared to an information-
only control group [11].

On the other hand, speech-based chatbots often comes as an application on smart
phone (Siri and Cortana) or standalone speaker devices such as Amazon’s Alexa
[6, 7]. These type of chatbots are also sometimes called virtual assistant or voice
assistants. The main difference of these types of chatbots from text-based chatbots
are that they can interpret human speech and provide response in form of synthesized
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voice. Speech recognition is used for converting the speech of human user to texts.
NLP is used to interpret the intention of human user in the texts. Then, the voice
assistant will respond with synthesized voice. These voice assistants are used for
various tasks such as home automation control, booking a flight ticket and managing
to-do list.

In [12], the authors developed a chatbot with 3D avatar and text emotion recog-
nition. The 3D avatar is a graphical representation of the virtual character which
is built using Unity. The 3D avatar can display various expressions such as happy,
sad, surprise and angry. A Long Short-term Memory (LSTM) neural network [13]
was trained using dataset of conversations to generate response in form of text when
given an input text. The generated text is then synthesized to voice and saved as an
audio file. The audio is then played in sync with the 3D avatar.

In [14], the authors developed a 3D avatar which replicates what the user speaks
in synthesized voice. The 3D avatar is a graphical representation of the user. In
this work, the user speaks to a microphone and have his or her voice recorded.
Speech recognition is used to convert the user’s speech to text using HTML 5 Speech
Recognition API. Then, Text-to-Speech (TTS) system based on HTML 5 Speech
Synthesis API converts the text to speech. Then, the synthesized speech is played in
sync with the 3D avatar to make it seems as if 3D avatar speaks. However, the author
observed that speech recognition is not robust for distinguishing user’s speech.

A survey concluded that rule-based type chatbots formarketing canprovide simple
and fast information [15]. However, customers have concerns that the chatbot might
be inaccurate. The advantage of using chatbots in business is that they can siphon off
frequent simple tasks from human staff. Compared to text-based chatbots, conversa-
tion with speech-based chatbots are more natural. On the other hand, speech-based
chatbots raise privacy concerns. They are basically connected speakers which contin-
uously record, and upload recorded audio to the server for data processing. Besides
that, all these types of chatbot lack personal touch because they are not aware of the
identity of the user.

In this paper, a voice assistant with 3D avatar for virtual character [12–14], Facial
Expression Recognition (FER) [14] and face recognition was developed. The virtual
assistant is aware of user’s identity and facial expression using face recognition
and FER respectively. The virtual assistant was developed as a general-purpose
virtual assistant frameworkwhich can be customized for applications across different
fields. A question inquiry assistant and customer service assistant application were
developed using this proposed framework as proof of concept.
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Fig. 1 Overview of the system design

2 System Design

2.1 Overview

As shown in Fig. 1, the Alice virtual assistant framework consists of two main parts
namely web application and backend program. The web application consists of two
main parts namelymachine learningmodels and the 3D avatar. Themachine learning
models include face detection model, face expression recognition model and face
recognition model. The 3D avatar is a female virtual character which can display
various face expressions. Besides that, the web application plays the synthesized
speechwith lip-synchronizedwith the 3D avatar. In addition, caption for the speech is
displayed. On the other hand. the backend program consists of twomain parts namely
Speech-to-Text (STT) System and NLP module. The backend program accesses and
store information in the database based on the user’s identity. The different parts
communicate with each other via a protocol called Message Queuing Telemetry
Transport (MQTT).

In Sect. 2.2, the 3D avatar of the web application is discussed in details.
Section 2.3 presents the machine learning models used by the web application.
Section 2.4 discusses the backend program’s Speech-to-Text system and NLP
module. Section 2.5 presents the process flow of the Alice framework.

2.2 3D Avatar

The 3D avatar is a female virtual character called Alice. It is built using Unity, a
cross platform game engine which can be used for 3D visualization. The 3D avatar
is designed to have multiple facial expression such as happy, sad and upset as shown
in Fig. 2.
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Fig. 2 3D avatar’s facial expressions: happy, sad, upset

The various expression is displayed to enhance user experience when interacting
with Alice. Alice can response to human user using synthesized speech generated
by Google’s Text-to-Speech (TTS) system. Google’s TTS system uses a generative
model calledWaveNet to generate speech that soundsmore naturalwithmore human-
like characteristic on syllables, phonemes andwords. The audio file can be played lip-
synchronized with the 3D avatar. The lip-synchronizing is enabled using a tool called
Rhubarb Lip Sync [16] which analyzes audio files and generate lip-sync information.
It can be used to animate the lip of the 3D avatar.

Figure 3 shows theweb applicationwhich consists of 3D avatar running onGoogle
Chrome web browser. Beneath the virtual character, the caption for the speech that
Alice is speaking is displayed.

Fig. 3 Web application for Alice framework
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2.3 Machine Learning Models

In this framework, threemachine learningmodels for face detection, face recognition
and face expression recognition are included. These models are implemented on the
web application using face-api.js library [17]. Face detection model outputs the
location of faces in a given image. The location of the face is given in the form of
bounding box with four parameters as listed in Table 1. There are two face detection
models available in the face-api.js library namely SSDMobileNet V1 and Tiny Face
Detector. The Tiny Face Detector was selected because it is smaller and has similar
accuracy. It was trained on a training set which consists of around 14,000 images
annotated with bounding boxes.

The faces in the image are cropped and then passed to the face recognition model
as input. The face recognition model learns to map faces to a 128-dimensional
vector space. For each of the face images, face recognition model generates a 128-
dimensional vector called face embedding vector. The distance of the face embedding
vectors correspond to similarity in faces. The face recognition model is trained to
generate face embedding vectors that are close to each other for face images of the
same person and generates face embedding vectors which are far away from each
other for face images of different person. The face-api.js library uses a face recogni-
tion model based on ResNet architecture. The face recognition model was trained by
Davis King and achieved an accuracy of 99.38% on the Labeled Faces in the Wild
(LFW) dataset [18]. Face recognition model architecture is some variant of deep
convolutional neural networks [19, 20]. There are a few open source face recogni-
tion models that are publicly available such as FaceNet [21], VGGFace2 [22] and
ResNet [18]. ResNet face recognition model was selected because it can be easily
integrated with the web application using face-api.js.

A measure of similarity is used to gauge the similarity of two face embedding
vectors. The measure of similarity used is Cosine Similarity. Cosine Similarity
measures distance between two vectors using inner product. If there are two vectors
denoted by A and B, then the Cosine Similarity can be calculated using formula (1).
The value of Cosine similarity is in the range of [0, 1] and larger value means the
vectors are more similar.

Cosine Similarity =
A · B

‖A‖‖B‖ (1)

Table 1 Parameters of the
bounding box

Parameter Description

x Top left x-coordinate of face

y Top left y-coordinate of face

h Height of the face

w Width of the face
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Deploying trained face recognition model consists of a few steps. Firstly, face
images of people are collected and encoded into face embedding vectors. These
face embedding vectors are arranged into a matrix and stored locally. Face detection
model may detect many faces. However, the system performs face recognition on
the largest face because it is the face of the person closest to the camera. Given a
new face image, the face recognition model encodes it into a face embedding vector.
The Cosine Similarity between the new face embedding vector with each of the
stored face embedding vectors in the matrix are computed. Each of the stored face
embedding vectors belong to a person. The identity of the given image will then be
recognized as the owner based on Cosine Similarity value. If the value is more than
0.7, then new face will be recognized as one of the known faces. If it is less than 0.7,
it is classified as an unknown person.

The face expression recognition model detects the expression when given a face
image [23]. It can detect up to seven facial expressions which include surprised,
disgusted, fearful, sad, angry, happy and neutral. According to face-api.js documen-
tation, it was trained on publicly available dataset and images obtained from the web.
The info about the largest bounding box, face expression and identity are published
to a MQTT topic consecutively over time in JSON format.

2.4 Speech-to-Text System

The backend program consists of two parts namely Speech-to-Text System and NLP
module. Speech-to-Text (STT) system converts speech into text to be analyzed by
the NLP module. For Alice framework, Google Cloud Speech-to-Text service is
used. Google Cloud STT is one of the most accurate and reliable speech recognition
services along with IBM Watson and Microsoft Azure services [24].

Figure 4 illustrates the process flowof the STT systemofAlice framework.Google
Cloud STT provide online speech recognition service. The audio is continuously
stream to Google’s server instead of sending it as an audio file after the recording is
complete. The microphone’s stream is closed if it is silence for more than 1 s. In this
context, silence means the speech recognition model does not generate any output
text for the audio because there is no human speech or the user speaks too softly. If
Google Cloud returns text during the 1 s time period, the microphone will continue to
streamuntil the third second.According to theGoogle Cloud user console’s statistics,
the median time taken for full text transcript to be sent back is 5.1 s. Then, the text
transcript is passed to the NLP module. NLP module will interpret the intent behind
the text and publish the response audio file to be played viaMQTT. The entire process
from microphone starts streaming to Alice responding take less than 6 s.
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Fig. 4 Design of Speech-to-Text system for Alice framework

2.5 NLP Module

The Natural Language Processing (NLP) module is used to find the intent behind the
text transcript. It consists of two layers namely deep learning model and keyword
searching. The deep learning model used here is called Universal Sentence Encoder
and the TensorFlow Hub library is used to implement Universal Sentence Encoder.

The working principle for Universal Sentence Encoder is similar to face recogni-
tion model. For face recognition model, the similarity of two images are calculated
by using face embedding vectors. Whereas the Universal Sentence Encoder calcu-
lates the similarity of texts. The Universal Sentence Encoder will first encode the text
into high-dimensional vectors. Then the inner product between 2 vectors is calcu-
lated to check the similarity of texts. The inner product of two encoded vectors is a
scalar which fall in the range [0, 1]. If the value is larger, that means the text is more
similar to the other text. The process of using Universal Sentence Encoder begin by
preparing some reference sentences and encodes them into vectors. These vectors are
then stored in computer memory. Secondly, whenever there is a new text transcript,
the model encodes it into a vector. Inner product of the new vector with each of the
reference vectors are calculated. If the largest inner product is more than 0.5, then the
intent of the given new text is same as the reference sentence which is represented
by that vector with the largest inner product. Then, backend program decides which
audio file to be played as response. If the inner products are less than 0.5, the given
text is classified as unknown. The unknown text is then passed to the second layer
of the NLP module.

The second layer of the NLP module is keyword searching. This layer conducts
search in the text transcript for pre-defined keywords using regular expression. If one
of the keywords exists in the text, the intent behind the text can be determined. Then,
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backend program can decide which audio file to be played as response. The backend
program informs the web application which audio file to be played as response using
MQTT.

2.6 Process Flow of Alice Framework

Alice has twooperatingmodes namely dormantmode and conversationmode.During
dormant mode, most of the components of the backend program such STT system
and NLP module are not active. This is because STT system is a usage-based billing
service. Leaving it on all the time will incur a very high cost. During dormant mode,
the face detection model is constantly detecting faces. After faces are detected on
frame captured by the camera, the face image with the largest bounding box is
selected and other face images are ignored. The largest face image is then passed to
the face recognition and face expression recognition model. The combined process
of face recognition and face expression recognition is tested in two different laptops.
It takes less than 350 ms on a laptop with Intel i5 processor and a GTX1050 graphic
card. The process takes less than 100 ms on a laptop with AMD Ryzen 5 processor
and a RTX2080 graphic card.

After face recognition and face expression recognition are completed, the results
are published to aMQTT topic. The backend program subscribes to thatMQTT topic.
Once there is a new update, Alice transitions into conversation mode. During conver-
sation mode, the STT system starts. The identity of user will be recognized through
face recognition model and the result from face expression recognition will deter-
mine the expression of the 3D avatar. The output of the face expression recognition
is classified into two categories. Expressions such as surprised, disgusted, fearful,
sad and angry are classified as negative expression. Whereas, happy and neutral are
classified as positive expression. The 3D avatar will display sad expression when
playing audio file if negative expression is detected and display happy expression
when playing audio file if positive expression is detected. After NLP module has
analyzed the intent behind the text, the audio file is determined. If the intent of the
user requires access to database, a SQL query based on the intent and the human
user’s identity is executed to retrieve necessary info. The backend program publishes
the audio file and expression to be played by Alice to a MQTT topic. The web appli-
cation subscribes to the MQTT topic. Once a message consists of audio file and
expression to be played is received, the audio file is played, and the lip animation
starts. After that, Alice transitions back to dormant mode.
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3 Applications and Conclusion

In this work, two applications of the Alice framework which include question inquiry
assistant and customer service assistant were developed. The question inquiry assis-
tant is similar to basic question and answering (Q&A) provided by voice assis-
tant such as Amazon’s Alexa (Demo: https://www.youtube.com/watch?v=tdzAi6-
A4kw). The customer service assistant using Alice can provide some basic customer
services to customer at a customer service center (Demo: https://youtu.be/FsuORN
P1kzQ).

The demo applications serve as proof of concept that the Alice framework can be
customized for different applications. The combination of 3D avatar and awareness
of identity and expression of the customer can provide personalized experience for
the user.
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First Order Piecewise Collocation
Solution of Fredholm Integral Equation
Second Type Using SOR Iteration

N. S. Mohamad, J. Sulaiman, A. Saudi, and N. F. A. Zainal

Abstract We evaluate the first-order approximation solution piecewise by first-
order polynomial collocation with Quadrature scheme on second-type Fredholm
integral equations. This discretization derived the formulation to solve the first order
piecewise approximation equation in which the linear system was built. The SOR
method was described as a linear solver in which its formulation was constructed and
applied in this study. In order to obtain the approximation solutions, the combination
of SOR iterative method with the first-order piecewise polynomial by collocation
with quadrature scheme has shown that performance of SOR method is superior
than Jacobi method in terms of number of iterations and time of completion.

Keywords Polynomial · Collocation · Quadrature scheme · SOR · Jacobi ·
Fredholm integral equation of second type

1 Introduction

In recent findings, there are many authors who have chosen the integral equations of
Fredholm as the analysis of their research because of the popularity of the integral
equation topic among the mathematician. Not only that, integral equations have been
commonly used in many areas and can be used in applied mathematics, chemistry,
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engineering, geophysics, electricity and magnetism. In this paper, we just pay atten-
tion at the second type Fredholm integral equation. Firstly, a simple briefing of the
second type integral equation is the function of U (x) that will be calculated while
the function g(t) is shown as the function given [1]. The parameter λ plays a crucial
role in obtaining the highest precision solutions and the number should be a non-zero
values. The Fredholm integral equation (FIE) is divided into two types which is the
linear Fredholm integral equation and non-linear Fredholm integral equation but in
this paper, we only pay attention on the linear FIE only that was introduced by a few
researchers [2, 3]. Basically, the Fredholm integral equation comes into many types
which can be seen in some studies. The use of the Fredholm integral equation of first
and third type has been widely used in this area of studies [4, 5]. Last but not least,
the types of kernel must be thoroughly notified, as there are a few kernels types that
have been implemented in the numerical calculation. The kernels that were found in
previous studies such as smooth kernel, Hankel, weakly singular others [6].

Equations (1), (2) and (3) are the type of Fredholm integral equations (FIE) of
one, two and three types that had been stated earlier.

g(x) =
b∫

a

K (s, t)U (t)dt (1)

U (x) + λ

b∫

a

k(x, t)U (t)dt = g(t) (2)

A(x)g(x) = U (x) +
b∫

a

K (s, t)U (t)dt + P(x) (3)

2 The Formulation of First-Order Piecewise Linear
of Fredholm Integral Equation (FIE) of Second Type

In this paper, we show the finite grid of node points in details as we will have to
derive the approximation equations by using the approach that was chosen. First of
all, we need to focus on getting the approximation equation by using all node points.
The first-order quadrature scheme, named the Trapezoidal scheme has also been
involved in this process of discretization with the trapezoidal method. Later, we will
discuss on how the trapezoidal scheme interferes in this formulation of approximation
equations.

Figure 1 shows the function of Trapezoidal scheme which is introduced under
the Newton-Cotes [7, 8]. The idea of implementation of the Trapezoidal scheme is
used to create the approximation equation of Fredholm integral equation type two
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Fig. 1 The function of
trapezoidal scheme

through the discretization process of integral terms. The h clearly shows the size of
the sub-interval on the domain solution [a, b].

xi+1∫

xi

f (x)dx = (h)

2

[
fi + fi+1

]
(4)

By referring to theFig. 1, the function ofTrapezoidal schemeon certain integration
of function f (x) on the interval of [a, b] over the Eq. (4) can be seen as follow

b∫

a

f (x)dx =
x1∫

x0

f (x)dx +
x2∫

x1

f (x)dx +
x3∫

x2

f (x)dx

+ · · · +
xn∫

xn−1

f (x)dx

b∫

a

f (x)dx = (h)

2
( f0 + f1) + (h)

2
( f1 + f2) + (h)

2
( f2 + f3)

+ · · · + (h)

2
( fn−1 + fn)

∴
b∫

a

f (x)dx = (h)

2

⎛
⎝ f0 + 2

n−1∑
j=1

fi + fn

⎞
⎠ (5)

We provide a simple overview in this section of the piecewise linear approxi-
mation equations in which this approximation equation is derived by considering
the polynomial of the first order. In Eq. (2), where U(x), and k(x, t) are defined
as unknown function and kernel function respectively. Let us look at the solution
domain [a, b] as shown in Fig. 2.
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Fig. 2 The finite grid with solution domain [a, b]

By referring to Fig. 2 with domain solution I = [a,b], the finite grid indicates
that the integral concept is equipped in a number of situations. In the process of
calculating the iteration numbers, the entire collocation node points were identified
before they met the convergence criteria’s [9]. The interval with I = [a,b] is used to
describe the piecewise linear function. Equation (2) is a linear piecewise function that
will be used to discrete and form the approximation equation of linear polynomial
piecewise.

U (x) =
n∑

i=1

Ri (x).δi (x) (6)

Then, the approximation Eq. (7) formed as follows after the piecewise linear
function was introduced in Eq. (2).

U (x) + λ

x1∫

x0

k(x, t)R1(t)dt + λ

x2∫

x1

k(x, t)R2(t)dt + λ

x3∫

x2

k(x, t)R3(t)dt+

. . . + λ

xn−1∫

xn

k(x, t)Rn(t)dt = g(x) (7)

After getting Eq. (7), the linear polynomial piecewise approximation equation
will be modified and improvised with the implementation of collocation points into
all of the node points of x which is x replaced with xi . This is the highlight of the
process which is the collocation points actually will be showing on all the finite
domain. By considering all collocation points in the solution domain, the derivative
of linear system can be formed.

The Eq. (7) can be rewrite as Eq. (8) after considering the collocation points into
the approximation Fredholm integral equation of second type. Hence, the equation
can be view as follow

U (xi ) + λ

x1∫

x0

k(xi , t)R1(t)dt + λ

x2∫

x1

k(xi , t)R2(t)dt + λ

x3∫

x2

k(xi , t)R3(t)dt+

. . . + λ

xn−1∫

xn

k(xi , t)Rn(t)dt = g(xi ) (8)
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Referring to all collocation points, the first-order piecewise approximation
equations can be considered as

GU = g (9)

where

G =
⎡
⎢⎣
1 + Gn(xn) · · · Gn(xn)

...
. . .

...

Gn(xn) · · · 1 + Gn(xn)

⎤
⎥⎦, n = 0, 1, 3, . . . , n

U = [U0, . . . ,Un],T n = 0, 1, 3, . . . , n

g = [g0, . . . , gn],T n = 0, 1, 3, . . . , n

3 Illustrative Example and Iterative Method

In order to obtain the result of the first-order piecewise polynomial solution of Fred-
holm integral equation, there are several iterative methods that we can use such as
Jacobi, Gauss-Seidel and SOR iterative method. These iterative methods are used
to determine the approximation solutions of system linear. Thus, we can make the
comparison of the performance of each iterativemethod togetherwith the approxima-
tion equation that was created. The iteration solver of this study is the SOR iterative
method. We will make a quick review about the SOR iterative method later [10, 11].
It was created based on the modification of Gauss-Seidel iterative method which has
slightly difference in the algorithm which it carries the weighted parameter. It helps
in getting the highest convergence test [12–14]. The general formulation of SOR
method can be stated as

Uk+1 = (1 − w)Uk + w(D + C)−1
(
−VU (k) + g

)
(10)

Referring to Eq. (10), the matrices D + C + V are portraying the diagonal, upper
and lower matrices respectively. The implementation of this SOR method can be
illustrated in Algorithm 1 and indicated in Fig. 3.

Algorithm 1 SOR iterative method

1. State the initial value of U 0 ← 0, ε ← 10−10;

2. Calculate i = 1, 2, 3, . . . , n, U (k+1) = (D + C)−1
(
VU (k) + g

)

3. Check the convergence,
∣∣∣U (k+1)

i −U (k)
i

∣∣∣ ≤ ε = 10−10. If yes go to step iv.

Otherwise, repeat the step ii.



400 N. S. Mohamad et al.

No

Yes

End

No

Start

Initial value

Calculate coefficient and vector 

Calculate

Show the approximate solution 

Implement 
the direct 
method

Fig. 3 The lane of the flowchart of SOR implementation

4. Show the approximate solutions.

To test the performance of the presented iterative methods, there are three exam-
ples of Fredholm integral equation of type two that carried out on approximation
equation of Fredholm integral of type two. Three numerical parameters have been
highlighted such as the iteration numbers (L), time of completion (s) and the Max.
Abs. Error. We tested five different sizes of n which are 512, 1024, 2048, 4096 and
8192. The numerical analysis is tested on the following three examples of Fredholm
integral equation of second type in which, we will see them as follows:

Example 1 This example was taken [15].

U (x) = e−xi − 1

2
+ 1

2
e(x+1) + 1

2

1∫

0

(x + 1)e−xyU (t)dt (11)

while having exact solution is
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U (x) = e−x (12)

Example 2 The following is Fredholm linear of second type integral equation [16].

U (x) = e3x − 1

9

(
2e3 + 1

)
x +

1∫

0

xtU (t)dt, 0 < x < 1 (13)

With exact solution is given by

U (x) = e3x (14)

Example 3 Let the second typeof the linear Fredholm integral equationbementioned
as [17].

U (x) = ex − 1 +
1∫

0

tU (t)dt (15)

With exact solution is stated as

U (x) = ex (16)

Based on the Tables 1, 2, 3 and 4 and Figs. 3, 4, 5, 6, 7, 8 and 9, the iterative
methods have been tested with the combination of Trapezoidal scheme with first-
order piecewise polynomial approximation equation of Fredholm integral equation

Table 1 The distinction of between number of iterations based on Jacobi, GS and SOR iterative
method

Ex. n 512 1024 2048 4096 8192

Method Iteration numbers (L)

1 Jacobi 41 41 41 41 41

GS 23 24 24 24 24

SOR 14 14 14 14 14

2 Jacobi 24 24 24 24 24

GS 15 15 15 15 15

SOR 11 11 11 11 11

3 Jacobi 35 35 35 35 35

GS 21 21 21 21 21

SOR 13 13 13 13 13
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Table 2 The distinction of time of completion based on Jacobi, GS and SOR iterative method

Ex. n 512 1024 2048 4096 8192

Method Time of completion (s)

1 Jacobi 16.58 66.16 264.63 1056.41 4220.96

GS 9.45 38.65 154.65 620.67 2474.18

SOR 5.92 22.78 90.79 361.47 1450.66

2 Jacobi 1.37 5.44 2.33 84.63 339.47

GS 0.93 3.59 14.5 56.48 211.47

SOR 0.67 2.58 9.91 39.16 156.19

3 Jacobi 2.05 8.16 32.01 127.61 510.88

GS 1.25 4.83 19.25 76.8 306.5

SOR 0.83 3.13 12.01 47.87 190.27

Table 3 The distinction of Max. Abs. Error based on Jacobi, GS and SOR iterative method

Ex. n 512 1024 2048 4096 8192

Method Max. Abs. Error

1 Jacobi 3.25E-06 3.25E-06 3.25E-06 3.25E-06 3.25E-06

GS 3.25E-06 3.25E-06 3.25E-06 3.25E-06 3.25E-06

SOR 3.25E-06 3.25E-06 3.25E-06 3.25E-06 3.25E-06

2 Jacobi 1.69E-05 1.69E-05 1.69E-05 1.69E-05 1.69E-05

GS 1.69E-05 1.69E-05 1.69E-05 1.69E-05 1.69E-05

SOR 1.69E-05 1.69E-05 1.69E-05 1.69E-05 1.69E-05

3 Jacobi 3.16E-06 3.16E-06 3.16E-06 3.16E-06 3.16E-06

GS 3.16E-06 3.16E-06 3.16E-06 3.16E-06 3.16E-06

SOR 7.91E-07 7.91E-07 7.91E-07 7.91E-07 7.91E-07

Table 4 Reduction
percentage of iteration
numbers and time of
completion for Jacobi, GS
and SOR iterative method on
three examples

Example Iteration numbers (L) (%) Time (s) (%)

1 39.13–41.66 21.29–24.53

2 26.66 16.28–21.51

3 38.09 20.48–22.75

of second type. By referring to the Tables 1 and 2, we have discussed in context of
iteration numbers and time completion. As we can see, the iteration numbers and
time of completion of SOR iterative method is smaller than Jacobi and Gauss-Seidel
method. The percentage reduction of iteration numbers also shows a big number of
percentage reduction with 39.13–41.66%, 26.66% and 38.09% respectively. While
the percentage reduction of time of completion are 21.29–24.53%, 16.28–21.51%
and 20.48–22.75% respectively. The accuracy of theMax. Abs. Error also increasing
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Fig. 4 The comparison of
iteration numbers of Jacobi,
GS and SOR for example 1
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Fig. 5 The comparison of
iteration numbers of Jacobi,
GS and SOR for example 2
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Fig. 6 The comparison of
iteration numbers of Jacobi,
GS and SOR for example 3
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Fig. 7 The comparison time
of completion of Jacobi, GS
and SOR for example 1
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Fig. 8 The comparison time
of completion of Jacobi, GS
and SOR for example 2
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Fig. 9 The comparison time
of completion of Jacobi, GS
and SOR for example 3
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with respect tonbasedonTable 3.Clearly, the number iterationof Jacobi is the highest
due to the main characteristic of Jacobi method always uses the previous value in
its formulation. While, other method considers the latest values in the formulation
during the iteration process.

4 Conclusion

In this paper, the piecewise linear function with colocation approach was introduced
in the previous section in order to create a linear system from the discretization
process of the linear second kind Fredholm integral equation. The iterative SOR
method has also decreased its number of iterations and time of completion with
which the numerical results were displayed. As a conclusion, the SOR iterative
method output in conjunction with the combination of piecewise linear function and
collocation method is better than Jacobi and Gauss-Seidel method.
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Vision-Based Activity Recognition
System with a Deep Neural Network
for Surveillance

Suheib Faisal Abubaker Sherif, Ooi Chee Pun, Tan Wooi Haw,
and Tan Yi Fei

Abstract Computer vision has gained tremendous attention recently due to what
visual data can provide in terms of meaningful information and predictions. Videos,
not like other types of data, can carry lots of information about the captured scene.
Information such as objects detection, face recognition and action classification can
be beneficial to monitoring systems such as traffic monitoring and security systems.
Activities recognition, in particular, is a quite significant part of visual data analysis
and can provide pragmatic predictions on people’s behaviour. The absence of a
well-labelled video dataset makes it more challenging to develop machine learning
algorithms for irregular actions recognition. These prediction models can ease the
process of monitoring buildings, roads and other common areas monitored by CCTV
systems. This paper proposes amethod to utilise deep learning in classifying people’s
behavior by identifying normal behaviours and classifying any unusual activities and
provide awell-trimmed and labelled dataset for abnormal behaviors in CCTVvideos.

Keywords Computer vision · Deep learning · Activity recognition

1 Introduction

1.1 Background

Detecting unusual behaviours in security footage and live feed is currently done
manually by relying on security guards to monitor the screens all the time. This
process is tedious, especially when many angles need to be monitored continuously
and requires a human observer to operate. Visual data obtained from videos provide
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plenty of information on the status of the building or street along with many other
statistics on actions and behaviour of the objects within the video. By analysing this
information, the process of monitoring security cameras can be automated to include
behaviour and status predictions.

Artificial intelligence is a popular topic for what it can achieve in systems automa-
tion and data analytic. The main challenge that many researchers face in this step is
finding a well-labelled dataset to train a machine learning model for action classifi-
cation and prediction. Many researchers focused on identifying people positions or
activities such as sitting, walking, running, etc. Surveillance systems, nowadays, still
rely on humanobservers to detect irregular behaviour that is happening in the building
or street. This approach required not only observers to monitor multiple screens
simultaneously but also costly and prone to human errors. With the advancement of
technology, this process can be automated for irregular actions detection.

1.2 Literature Review

Computer vision has been an important topic formany researchers.Many effortswere
spent to identify visual information included in images and videos. Some researchers
focused on understanding human action behaviour and bodymovements while others
concentrate on understanding the relationship between objects and people inside the
frame or video. Yalçın et al. [1] introduced the classification of human activities
using deep learning by extracting human’s joint coordination during the actions.
While avoiding manual feature extraction for a better result, their method relies on
specialised hardware to detect human skeleton and can only identify precise subjects
in the frame. Babiker et al. [2] introduced a system that can recognise human activ-
ities by using a set of image processing techniques. Their process mainly involved
removing background from videos followed by noise reduction and then extracting
the features such as body bounding box, the centre of gravity and the location of the
body. These features were then used to train a perception network model for classi-
fication. However, they were only able to detect human activities such as walking,
sitting etc. Murad et al. [3] adopted deep recurrent neural networks in human activ-
ities recognition using data extracted from gyroscopes and accelerometers. They
utilised Long Short-TermMemory to capture the temporal changes in readings from
the sensors. Bhardwaj et al. [4] used K-means clustering to categorise the subjects
in the video and use the clusters to train a neural network to detect body positions
such as standing, jumping, etc. Another research by Mo et al. [5] utilised convolu-
tional neural networks for feature extraction and a multi-layer perception model for
video classification. They used Kinect camera to extract the skeleton structure used
in model training. Other researchers focused on studying group relations in videos,
Lee et al. [6] was able to detect the behaviour of people walking along the street such
as people walking in a group or splitting apart, etc. They used the number of people,
velocity and position as fixed features to train the model.
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Sun et al. [7] highlighted that the most critical parameter to improve the model
accuracy is to have more frames in the training process. However, that does not
guarantee better results every time. Performance can be affected by the duration of
the video frames or the time range [7]. Ng et al. [8] proposed another method of
video classification by exploring optical flow data obtained from the video frames.
Their approach is to take videos up to two minutes and extract optical flow as one
shot, then make use of this information in training and predictions. Other researchers
focused on optical flow extraction, and they were able to obtain excellent results.
However, their method can be useful in classifying videos as a single process, which
is not suitable for continuous classification of video frames [8, 9].

All these literature reviews that, to detect anomaly in videos or classify videos
based on their actions, the study of the temporal behaviour of the subjects within the
video [10, 11] is essential. That means the type of action can only be identified by
extracting the features from a sequence of video frames.

1.3 Motivation

The main objective of this project is to automate the monitoring process of surveil-
lance systems by developing a system that can predict the actions and behaviours
happening in these videos. With the widely used of CCTV systems, vast amounts
of videos are being streamed and recorded every day. Thus, providing a tremendous
opportunity to analyse and fetch outmeaningful information from these videoswhich
can produce powerful prediction tools in all fields. Hence, in this project, themachine
learning approach is employed to predict and identify the irregular behaviour in the
surveillance systems.

2 System Architecture and Data Analysis

The system, (see Fig. 1), is comprised of three main segments: dataset processing,
machine learning model and the prediction process on human behaviour.

2.1 Dataset Preparation

The main concept of training a machine learning models is to have a well-labelled
dataset containing relevant features alongwith a class or label for each element. Then,
this dataset can be utilised to train a model to predict the label based on a given set
of features. The first step towards preparing the dataset is to group each category of
videos needed to predict in one directory and name it according to its action name.
The dataset used in this project is taken from different sources of CCTV footage
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Fig. 1 System architecture

uploaded to the internet, including UCF-Crime dataset and YouTube videos [11].
After getting the videos grouped and labelled correctly, further processing is needed
to increase the accuracy of the training. The second process is to trim unwanted
data from videos, which means only the section of the video containing the action
is kept. The repeated frames with an idle screen will be removed, which is common
in many CCTV footage. This process is automated by checking the changes in the
video frames and trimming the repeated frames. Then, a manual process is carried
out to obtain accurate labelling of the dataset with specific action; That means, if
one video under the vandalism category, it should only show the vandalism action in
the video, no normal behaviours should appear in the video. This labelling process
is done manually by watching the scenes happening in each video and trimming the
video accordingly. This process has cut the dataset size by around 35% from the
original set, which provides more accurate data for training.

2.2 Training Recurrent Neural Network Model

It remains a challenge to understand the context of the videos with a single video
frame. For example, looking at one person standing in front of a door in one frame
might seem normal, but adding the information of this person hitting the door in the
following frames will indicate that some sort of vandalism or break-in is happening.
Thus, the temporal changes in video frames extracted is essential. One of the most
popular techniques in Recurrent Neural Networks is Long Short-Term Memory—
LSTM. Unlike the usual neural networks, LSTM has a feedback connection where
predictions are not only made based on the current inputs but rather take into account
the outputs from previous nodes as well [12, 13]. This technique will allow us to
consider the targeted temporal behaviour extracted from the video frames. In this
paper, the semi-supervised training is adopted where only the labelled dataset and
specific videos frames were used to train the model. The LSTM model uses the
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Table 1 TensorFlow
sequential model design
parameters

Layer (type) Output shape

lstm (LSTM) (None, 2048)

dence (dence) (None, 512)

dropout (droupout) (None, 512)

dence_1 (dence) (None, 3)

features extracted from the widely known Convolutional Neural Networks models
and feed the features extracted to train the model. We first pass the frame to image
classification model such as Inception Network; then we move the features layer
to the input of our model. Dataset is divided into training and testing folders with
80% training and 20% testing. The training was done using Keras with TensorFlow
back-end and promising prediction results is generated [14].

Table 1 presents the design flow of the Recurrent Neural Network; the LSTM
layer takes input from the extracted features. The feature extraction process is done
by saving the features extracted by InceptionV3 model at the final pool layer. Next,
the input is passed to a 2048 nodes LSTM layer followed by a 512 nodes dense
layer then a dropout layer of 512 nodes and finally a dense layer with 3 nodes for
the output. The model was configured with Keras Adam optimiser with 1 × 10−5

learning rate.

2.3 Application Layer

After training the video classification model, and to use this model, an application
layer is needed. Sinceourmodel does not take rawvideos as input tomakepredictions,
we need a software to extract the sequences of frames from videos, extract features
from these frames using ConvNets and pass the extracted features to the trained
model to make the prediction. Thus, the process of the prediction is not real-time,
but a slight delay is expectedwhere frames are extracted and processed beforemaking
the predictions.

3 Results and Discussion

3.1 Dataset Pre-processing

Labelling and grouping videos in different categories is a necessary step before
training the model. Since the structure of the project is fixed, it is easier to add
in more prediction categories and retrain the model. The pre-processing of data
is a key element here, by providing well-trimmed videos and accurate labelling,
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a better model can be trained. The dataset size was reduced by 35% through the
removal of unwanted scenes from videos and removing repeated frames which do
not carry extra information; it also reduced training time and process as well. The
initial training of themodel included two anomaly categories; each category included
50 videos trimmed to contain the action only. The two categories are ‘Fighting’ and
‘Road Accidents’ which included some videos of people fighting along the streets
where cars are passing by. Such a condition will test the trained model accuracy and
limitations. The videos were randomly divided into 80% for training and 20% for
validation.

3.2 Model Training

The first step towards training the model was to extract frames from the videos
and store the frame sequences in a different directory. This process was done by
using FFmpeg, which is an open-source software to edit videos, images and other
multimedia files. After extracting image frames from videos, each frame is passed
through a classification model for feature extraction. The model selected in this
stage is Inception Model V3 which is widely used in image classification. By using
Keras, a widely known Python library for machine learning that runs on TensorFlow
open-source library, an LSTM model was trained with the extracted features. The
produced model can then identify a video category given a set of frames sequence.
The methodology was initially tested with two types of actions; each action included
only 30 videos along with a normal videos category that included videos of people
interacting, cars passing by and other normal actions and it showed promising results.
Further training will be done using the complete dataset and validated using a new
set of videos.

Tables 2 and3presents the count of parameters fetched byTensorFlow for training.
The training process was set to 20 Epochs of training with early stopping if the

Table 2 TensorFlow
sequential model design
parameters

Layer (type) Output shape Parameters count

lstm (LSTM) (None, 2048) 33,562,624

dense (dense) (None, 512) 1,049,088

dropout (dropout) (None, 512) 0

dence_1 (dense) (None, 3) 1539

Table 3 TensorFlow training
parameters

Total params 34,613,251

Trainable params 34,613,251

Non-trainable params 0
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Table 4 LSTM training and
validation accuracy

Name Loss Steps Duration

LSTM/train 0.2905 15 5 m 52 s

LSTM/validation 0.1239 15 5 m 52 s

resulting model is not improving further. The training was completed in 16 Epochs
and the validation loss improved from 0.493 to 0.1239, as shown in Table 4.

As shown in Fig. 2, the validation accuracy improved from 0.652 to 0.9756.
Figure 3 represents the improvement of validation accuracy and validation loss during
the training process, which was generated by TensorBoard [14] (Table 5).

The loss and accuracy of the LSTM model were compared to the Multilayer
Perceptron (MLP) model, and it showed better results. The results obtained from

Fig. 2 LSTM training and
validation accuracy

Fig. 3 LSTM training and
validation loss

Table 5 LSTM training and
validation loss

Name Loss Steps Duration

LSTM/train 0.875 15 5 m 52 s

LSTM/validation 0.9756 15 5 m 52 s
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the initial training was satisfactory, and further dataset processing and more action
categories will be added for future model improvements. The LSTMmodel is trained
using different versions of the dataset; It is observed that the more frames included
in the training sequence, the better the results [15]. Hence 450 frames from each
video are used in order to have sufficient information from the video and yet not
too complicated by not setting a limit for the training sequence [12]. Videos were
between 4 and 15 s containing the labelled action only. Another parameter that
affects the performance of the LSTM is the number of epochs of training, and the
training process was set to 30 epochs with an automatic stop if the model is no longer
improving in terms of validation loss

3.3 Dashboard Monitoring

In order to automate the process of monitoring security footage from live cameras, or
detect anomaly in recorded videos, a software tool is needed to process these videos
and predict the action happening at each scene. This software is developed using
Python and FFmpeg to extract frames then apply classification model for feature
extraction then get these features and pass them as input to the trained model. The
predicted category with the highest probability will later be displayed as text label
while playing the video.

4 Conclusion and Future Direction

This project aims to automate the behaviour monitoring in surveillance systems by
using artificial intelligence. Videos were grouped and labelled according to the type
of action happening in the video. Then, unwanted scenes were trimmed from the
videos so we can get a more accurate dataset for training. A widely known image
classification model, Inception Network, was used for feature extraction from video
frames. These features were then fed to train an LSTM model which consider the
temporal behaviour happening in videos that indicates the type of action. Themethod
was tested with a subset of the dataset, and promising results are observed. The
primary constraint in this project is a lack of large dataset for normal and abnormal
actions that is precisely trimmed to contain the labelled action. Further improvements
and complete dataset training will be conducted and verified in future. Improvements
will be made toward the dataset preparation and the application layer built on top of
the trained model.
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A Scalable Cloud-Based Medical
Adherence System with Data Analytic
for Enabling Home Hospitalization

Abubaker Faisal Abubaker Sherif, Tan Wooi Haw, Ooi Chee Pun,
and Tan Yi Fei

Abstract Medication non-adherence is one of the most significant concerns in
managing chronic diseases which has inevitable consequences. While various tech-
nologies and research have been developed and carried out to monitor medical
adherence for patients, their approaches lack in terms of the assurance of medicine
consumption and the cost effectiveness of their solutions. This paper provides a cloud-
based medical adherence system that can track patients’ medicine intake based on
the physical effects of the medicine on their bodies by tracking their vital signs. A
machine learning model is trained to classify the patient health status and this data
is used to determine whether their bodies are responding to the medicine, which
is used to alert doctors to enable home hospitalization. The use of this system is
proposed to serve as a secondary decision support provider to compliment and ease
the decision-making process done by doctors.

Keywords Medical adherence · Home hospitalization ·Machine learning

1 Introduction

1.1 Background

Medicine adherence is defined as the extent to which a patient follows the treat-
ment plan by consuming the medicines prescribed by their doctor [1]. Not-adhering
to a treatment plan can result in undesirable clinical consequences and substantial
increase in hospitalization costs [2]. Recent research highlighted that most patients
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do not follow the instructions provided by their doctors which results in significant
increase in hospitalizations and doctor visits [3].

In recent years, home hospitalization technologies have been the focus of many
researchers and healthcare companies [4]. The two main aspects of home hospital-
ization are medicine adherence and health status monitoring for patients. Different
approaches to detect medical adherence are used in this field, some use blood test
evaluation, some rely on patient’s self-assessment feedback while others use pill
dispensers to detect whether the medicine was taken. These solutions can provide
useful information on the behavior of the patient, but they lack in terms of cost
efficiency, illness type and how practical they can be achieved.

This paper aims to provide a solution that can assist doctors to monitor the health
status and medicine intake by analyzing the patient’s vital signs throughout the day.
We leveragemachine learning to identify the health condition of the patient andmatch
that to the timeline set by doctors for medicine intake. The trained model takes major
vital signs as input which are measured by off-the-shelf medical proven instruments.
The data taken is logged and processed on cloud and provides the output in terms
of recommendation to doctors who can then decide to adjust medicine dosage or
frequency or schedule an appointment with the patient.

1.2 Literature Review

Many efforts were made in the field of medical adherence and home hospitalization.
Providing a home hospitalization solution to patients proved to reduce in-hospital
days of patients [5]. One key feature that is necessary for enabling home hospital-
ization is the ability to monitor the patient’s health status remotely and track their
adherence to medications. Tripathi et al. [6] proposed the usage of tracking sensors
and wearable devices to collect information about the patient, then the data is pushed
to an online server where the decision is made to contact familymembers, ambulance
or clinical support. Other researchers such as Zulkifli et al. [7] developed a health
monitoring and information system to enable smart health environment. Their solu-
tion links patients, health service staff and doctors. Patients can provide feedback to
doctors using their smartphones and doctors will respond to their reports to check
if they need to schedule an appointment for the patient or continue treatment from
home. Home hospitalization is receiving huge attention for what it can provide in
terms of reduction of hospitalization time, reduction of treatment cost and freeing up
doctors’ time. Hernández et al. [8] conducted a study on early discharge care service
by enabling patients to stay at home for some time of their hospitalization treatment.
They requested nurses to visit these patients frequently and measure their vital signs
and enter them to an online system for doctors to access. The studywas conducted for
ten years and provided promising results as the service reduced the hospitalization
time by six days [8]. Lobato et al. [9] conducted a study on forty patients divided into
two groups, the first group received their care at the hospital while the other group
was sent back home and had their health status monitored regularly and received
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the same treatment as the first group. After the patients fully recovered and were
discharged from the hospital, it was noticed that there is no significant difference
between patients who were staying at home and those who stayed at the hospital.
Federman et al. [10] conducted a study on patients who require inpatient-care and
sent a group of them to receive care at home. Patients had their vital signs moni-
tored by nurses and health professionals, then all patients were asked to review their
treatment process and the results showed better rating for those who received treat-
ment at home. Sherif et al. [11] proposed a method to enable home hospitalization
by tracking medicine intake for patients using embedded hardware. Their approach
relied on patients reporting their medicine adherence using an alarm button which
connects to a monitoring dashboard. This approach provides a good method for
patients monitoring but it does not guarantee that the patient has taken the medicine
when they send the acknowledgment. This can only be verified by tracking patient
physical condition and monitoring their vital signs. Daramola et al. [12] followed a
similar method by reporting medicine intake using smartphone application and rely
on patient self-reporting which does not guarantee medicine intake. Kumar et al.
[13] proposed a similar approach for medicine adherence tracking using medicine
dispenser. This method assumes that the medicine was taken whenever the patient
opens the dispenser to take medicine. However, this also does not guarantee the
medicine intake. Hence, this paper aims to verify the consumption of medicine by
tracking vital signs of patients and reporting irregular readings regularly.

1.3 Motivation

The primary objective of this study is to enhance patients’ adherence to medication
without the need of special equipment or the supervision of nurses and caregivers.
With the recent spread of COVID-19 pandemic, where thousands of people have been
hospitalized and many healthcare facilities ran out of resources to accommodate the
increasing numbers of patients, many patients with minor symptoms were asked to
stay at home andmonitor their health status [14]. This pandemic raised the significant
need to enable home hospitalization. Thus, we propose a complimentary tool that
helps to predict the behavior of the patients and highlight their behavior to their
doctors so they can make better decisions while patients rest at home.

2 System Architecture and Data Analysis

The proposedmethod composes of threemain sections: data preparation and data pre-
processing, training and validating a machine learning model to classify medication
adherence behavior and a method for doctors to validate the result and advise on
the patient condition based on the given prediction as well as data collected from
patients.



420 A. F. A. Sherif et al.

2.1 Data Pre-processing and Data Collection

The four main indicators of health status for patients are heart rate, blood pressure,
temperature and blood oxygen saturation. Thus, these parameters are taken into
consideration in our design where the focus was to prepare a labeled dataset that is
collected by medical professionals for patients diagnosed with medical conditions.
We leveraged on a renown public health dataset known as Medical Information
Mart for Intensive Care III—MIMIC-III which includes health-related data of more
than 40,000 patients who were admitted to intensive care units—ICU. The dataset
contains abundant information about patients including readings of vital signs as well
as doctors diagnosis. Data were taken at 1-h frequency and keyed into the system
by caregivers. However, the data is not consistent in terms of what data is available
for each patient. In order to train an accurate machine learning model, the data must
be properly formatted. We filtered out the patients who had more than four readings
taken per day including heart rate, blood pressure, temperature and oxygen saturation
along with doctor diagnosis.

Machine learning models for classification need data for normal people, not diag-
nosed with any medical condition as well as the prepared data for patients diagnosed
with diseases. However, there is no publicly available dataset with the criteria that
we have, so we collected data for healthy people to be used for the model training.

2.2 Training Recurrent Neural Network Model

Two models are proposed to provide useful information as a second opinion for
doctors. The first model is a binary classifier to identify patient health status as
normal or abnormal depending on the vital signs measured. The prediction will be
based on the labeled dataset provided with normal and abnormal flags.

The binary classifier aims to provide a prediction based on the vital signs labeled
data by grouping all diagnoses under one single category labeled as abnormal
readings while normal readings are labeled as normal.

Three types of classifiers are selected to be tested and validated with the prepared
dataset. These classifiers are K-NN, linear Support Vector Machine (SVM) and
kernelized SVMwith radial basis function (RBF). Themodels are selected according
to the size of the dataset that we prepared and the type of classification that is needed.
Model training will be using Scikit-learn which is well known for classification
algorithms [15].

The multiclass classifier aims to provide a predictive suggestion on the diag-
nostic category of the patient based on the vital signs. Diagnoses are categorized into
different groups such as heart issues, respiratory illness, blood pressure etc., which
the doctor will later confirm or deny to provide a feedback data that can be used later
for training a more accurate model.
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Fig. 1 System architecture framework

The two models trained will provide their prediction output to the application
layer of the design which is illustrated in Fig. 1.

2.3 Application Layer

In order to achieve the objectives of improving medical adherence and enabling
reliable home hospitalization solutions, an application layer is built on top of the
developed machine learning models. The application will enable doctors to set up a
time schedule to measure the vital signs of the patient depending on the medication
schedule. The patient, at home, with the assistance of caregivers if necessary, will
key in the vital signs readings to the system at the given time.

Binary predictions will be made based on these inputs, then they will be matched
to the schedule of medicine intake. In case the readings showed normal result of
the patient vital signs, we will assume that medicine is taken at the right dosage at
the right time. Conversely, if the readings are classified as abnormal, they will be
presented at the doctor dashboard along with the measured values and the doctor can
confirm or deny the prediction. The doctor feedback is then logged and stored in a
database for future use as a closed loop system that takes doctors recommendations
as input. In case at the next measuring time the results showed abnormal readings
again, a red flag will be raised for the doctor to take action to change the dosage
of the treatment or the frequency of taking the medicine or they can arrange for
appointment with the patient in critical cases.

Multiclass predictions provide an estimate diagnosis of the patient in case the
vital signs are not normal. These predictions are then sent to the doctor dashboard
when they respond to the patient alert. We do not provide a medical advice based
on this; we just provide a predictive information for doctors who can select which
prediction is accurate that will be logged into a database and be used again to train
the model to provide an improved results in terms of accuracy as more predictions
are verified by doctors.
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The application of this monitoring process will eventually enable doctors to
monitor patients’ behavior to treatment while they stay at home. By following
their medicine schedule and reporting their vital signs regularly as requested by
their doctors, our method can fill in the gap of identifying normal body conditions
and reporting any irregular readings of the vital signs where doctors can verify the
predictions and request for appointments or change treatment dosage.

3 Results and Discussion

3.1 Data Preparation

Awell labeled and filtered dataset is prepared which consists of five features and one
label. The features included in the dataset are Oxygen Saturation, Blood Pressure
(diastolic), Blood pressure (systolic), Heart Rate and Temperature along with a label
named condition which identifies whether the readings are considered normal or
abnormal.

The prepared dataset consists of the following parameters:

• Blood pressure (diastolic)
• Blood pressure (systolic)
• Heart rate
• Blood oxygen level
• Temperature
• Label.

After filtering patients’ readings for abnormal readings to contain only those who
have more than 3 readings per day, a total of 1384 rows were extracted. Feature
extraction was then performed to obtain the mean, median, min, max and standard
deviation. A similar process was done on 102 normal readings that we collected
manually with the help of a general physician. Both tables were then combined with
the patient ID removed and assigned a label of ‘0’ for normal reading and ‘1’ for
abnormal reading.

We are in the process of gatheringmore data for normal peoplewhichwill improve
system accuracy as the data that we have now is asymmetrical with the larger propor-
tion being the abnormal readings taken from theMIMIC-III dataset and consequently
produces less accurate results due to bias caused by the imbalanced data.

3.2 Model Training

Since the prepared dataset consists of 102 rows of normal readings and 1384 rows
of abnormal readings, we catered for imbalanced data training. This dataset was
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split with the ratio of 50% to 50% for training and testing, respectively. Repeated
Stratified K-Fold cross validation was used to split the data with random state set
to 1, n_splits set to 4 and n_repeats set to 10 times. One key feature of Repeated
Stratified K-Fold cross validation is that it provides balanced weights of training and
testing dataset when dealing with imbalanced data as it provides the same proportion
of observations with a given categorical value [15]. Another key feature is setting
the random state to a specific number which guarantees the same generation of the
training and testing sets when adjusting other parameters of the classifiers, sowe have
a consistent training and testing samples. Splits and repeats setting allows us to train
different variations of the same model and recording their accuracy and performance
as the training and testing results for large datasets vary according to the sampled
data. After splitting the data into training and testing sets, we trained three different
models to evaluate their performance.

The first model is k-NN Classifier, which was trained with ‘n_neighbors’ set
to five, ‘weights’ set to ‘uniform’, ‘algorithm’ set to ‘auto’ and ‘metric’ set to
‘minkowski’. The training produced the following results (Table 1).

The confusion matrix of the obtained results from the k-NN classifier shows
good result of predicting abnormal readings but the accuracy of classifying normal
readings is low, thus this model is not fit for our goal.

The secondmodel is kernelized SVM. The hyperparameters usedwere as follows:
C set to 1, ‘kernel’ set to ‘rbf, and ‘class_weight’ set to ‘{0:0.93, 1:.07}’ for
imbalanced data. The training produced the following results.

Compared to the previously trainedmodel, kernelized SVM shows a better perfor-
mance as shown inTable 2. The confusionmatrix shows great performance on normal

Table 1 k-NN classifier test results

Normal (predicted) Abnormal (predicted) Accuracy (%)

Normal (actual) 30 21 58.8

Abnormal (actual) 13 679 98.1

Precision 0.792

Recall 0.748

F1 score 0.975574

Table 2 Kernelized support vector classifier test results

Normal (predicted) Abnormal (predicted) Accuracy (%)

Normal (actual) 47 4 92.1

Abnormal (actual) 89 603 87.1

Precision 0.652

Recall 0.870

F1 score 0.8748317
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Table 3 Linear support vector classifier test results

Normal (predicted) Abnormal (predicted) Accuracy (%)

Normal (actual) 44 7 86.3

Abnormal (actual) 114 578 83.5

Precision 0.540

Recall 0.629

F1 score 0.8371467

Table 4 Linear support vector classifier test results

Model name Precision Recall F1 score

K-NN 0.792 0.748 0.975574

SVM SVC 0.652 0.870 0.8748317

SVM Linear SVC 0.540 0.629 0.8371467

and abnormal class in terms of predictions and these result in a better F1 score and
recall.

The third model trained is linear SVM configured with ‘penalty’ set to 12, ‘loss’
set to ‘squared_hinge’, ‘class_weight’ set to ‘balanced’ and ‘intercept_scaling’ set
to 1. The training process produced the following results.

As showed inTable 3, the linear SVMmodel showed amoderate performancewith
slightly decreased accuracy for abnormal class compared to the previous classifier.
This was reflected on the F1 score, recall and precision.

Table 4 summarizes the results of these three trained models using two evaluation
metrics, Accuracy and F1 score.

By comparing the metrics of the three trained models, as shown in Table 4, SVM
SVC is selected based on its accuracy. Further improvements in terms of asymmet-
rical data training techniques or by adding more data to the collected dataset will
be done in the future. The promising results shows the ability to fully integrate the
system components and obtain positive results eventually.

4 Conclusion and Future Direction

This paper aims to improve medical adherence for patients taking their treatment
at home and provides a solution for doctors to keep track of patients’ behavior and
provide feedback on their condition. We leveraged on supervised learning to train
machine learning models with the prepared dataset. The prepared dataset consists
of data of vital signs labeled with their medical condition if they are diagnosed with
some illness or labeled as normal otherwise. The proposed application that is built
on top of these models will provide doctors with a dashboard to monitor patients
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medication adherence and provide feedback on the output of the prediction models
which can be fed back again to the system input for improved results. We strongly
believe that this system will improve medication adherence and provide a method
to enable home hospitalization which is on high demand nowadays. The trained
model only provide prediction of whether the vital signs are normal or abnormal,
however, in order to provide a more helpful estimation, we need to give a score for
the degree of which the readings are abnormal. For example, the output could be
low, medium, high or normal. In order to further improve the model accuracy, there
should be a feedback path for doctors to approve or reject the predictions made by
the model which will be used to train and improve another version of the model. We
are still collecting data to improve our results and carry out further tests to verify the
methodology.
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Finger Vein Presentation Attack
Detection Based on Texture Analysis

Nurul Nabihah Ashari, J. H. Teng, T. S. Ong, and S. M. A. Kalaiarasi

Abstract Biometrics is an effective way to identify and authenticate users based on
their personal traits. Among all kinds of hand-based biometrics, finger vein appears to
be emerging biometrics that has received a great attention due to its rich information
available and ease for implementation. With finger vein system becoming more
and more popular, there have been various attempts to comprise the system. Recent
studies reveal the vulnerabilities of finger vein system to presentation attackwhere the
sensory device accepts a fake printed finger vein image and gives access as if it were a
genuine attempt. In this study, a presentation attack detectionmethod based on hybrid
feature spaces of finger vein texture analysis is proposed. Histogram of oriented
gradient operator is applied on different channels of grayscale and color feature
spaces to obtain texture information of the histogram descriptors. The proposed
method includes two implementations of feature space analysis, namely CHOG1 and
CHOG2.Awell-established publicly available dataset is used to analysis and evaluate
the proposed implementations. Experimental results suggest that the combination
channels of grayscale and color luminance is able to generate better performance
through Support Vector Machine classifier with ACER as low as 0.60% and 0.74%
forCHOG1 andCHOG2, respectively. The experiments show that the implementation
of CHOG1 performs slightly better than single channel max gradients of CHOG2.

Keywords Presentation attack detection · Texture analysis · HOG

1 Introduction

Biometric provides an automatic personal recognition of human anatomic or
behavioural characteristics. Some common biometrics for user recognition today
include fingerprint, iris, face and others. Among different kinds of hand biometrics,
finger vein is emerging as one of the popular biometrics chosen as finger vein pattern
resists to change over a lifetime and each finger vein pattern is unique and permanent
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[1]. Unfortunately, recent studies revealed that the finger vein system can be suscep-
tible to presentation attack such that printed images can be used to counterfeit finger
vein sensor and gain unauthorised access to the system [2]. Therefore, there is a need
to ensure finger vein technology can be deployed securely in highly confidential area
such as financial, immigration, access control system etc.

Typically, image acquisition is the first step where image of finger vein is acquired
by near infra-red (NIR) light. The device consists of putting together a NIR part
for the finger placement and a charge-coupled device (CCD) pre-processor camera
to capture the image. The vulnerability of presentation attack is possible to happen
during the image acquisition step. Tome et al. [2] presented finger vein spoofing starts
with enhancing the original image, rescaling them to the original size, printed on high
quality paper and presented to fake the sensory device. By looking at presentation
attack problem which also known as spoofing attack, this study aims to design a
secure finger vein presentation attack detection (PAD) method. The results showed
that the attack has a spoofing false accept rate (SFAR) of 76%, which proves that
typical finger vein recognition system is vulnerable to spoofing attacks. The work
demonstrated even though anti-spoofing method must be put in place to prevent it
from happening. Nevertheless, there is still a limited study on the topic.

In this paper, we investigate the extension of histogram of oriented gradients
(HOG) operator on different feature spaces of finger vein texture analysis for PAD.
The proposed method will undergo pre-processing of segmentation usingWatershed
transform and feature space conversion. It then followed by Histogram of Oriented
Gradient (HOG) as the operator to extract texture information from the combination
of grayscale and color feature spaces for classification purpose. We evaluate the
proposed method by using a standard public SCUT-FVD presentation attack dataset.
The paper is organised with Sect. 2 to present the related works for anti-spoofing
attacks andfinger vein PADmethods. It then followed bySect. 3 to detail the proposed
solutions. Our experimental analysis will be discussed in Sect. 4 and the paper is
concluded in Sect. 5 with the suggestions of possible future work.

2 Literature Review

To address image spoofing attacks, many researchers have come up with the use of
color space information. From the work of Costa et al. [3], the authors proposed
color histogram method to detect fake wine via cork images and replay attack face
images. This technique utilises two color spaces of YCrCb and CIE Lab. After
acquiring the input image, original RGB color space was converted to these two
color spaces. RGB is not a good choice in image processing because the information
of red, green, and blue get in the way of separating chrominance and luminance
information. After converting the input image into different color spaces, it goes
through histogram calculation according to the component of the color space. The
histogram is produced from different YCrCb and Lab color channels. Next, all of the
histograms are concatenated into a feature vector and fed into Extra Trees Classifier



Finger Vein Presentation Attack Detection Based on Texture … 429

to detect whether the image is a genuine or a spoofing attempt. The idea of this
methodology stems from the understanding that different images of the same object
have dissimilar visual feature. By observing the color histogram output, there are
obvious differences in printed and genuine ones—in both YCrCb and Lab color
space. Luminance information of YCrCb and Lab color space is regularly shape in
genuine cork image meanwhile it is not the case in the printed attack cork image.
On the other hand, the chrominance information of printed image is in regular shape
compared to the real live image. Based on the experimental analysis, it was found
that the HTER for this method with Replay-Attack database is 0.59% and EER is
0.074%, respectively. In addition, color space analysis has also been widely used in
other anti-spoofing face detection such as in [4–6] etc.

In general, finger vein PAD methods can be broadly divided into two different
categories, namely, texture based and live detection based.Wewill discuss the related
works of texture-basedmethod since ourworkwill be focus on feature space analysis.
One of the promising texture analysismethod to detect finger vein presentation attack
proposed by Qiu et al. (2018) [7] is through Total Variation Decomposition (TVD)
method. According to analysis by Qiu et al., it is concluded that methods that focus
around texture perform well as the fake images have vaguely different information
that can be the factor or feature to be used in separating the real and forged finger
vein images. In this paper, the authors do not perform pre-processing to avoid loss
of discriminative information for PAD. Though the image from OHP printed finger
vein looks similar with the real image according to human eyes, there are differences
in terms of image visual quality, blurriness and noise level. In signal processing,
Total Variation (TV) regularisation is a denoising algorithm that provides a solution
to reduce noise and make the edges smooth even in low signal-to-noise ratios. Local
binary pattern (LBP) is then used as the operator to extract distinctive feature from the
decomposed components. After performing TV regularisation and LBP descriptor
to the images, histogram of the images can be viewed for visual analysis. Finally,
Cascaded Support VectorMachine (SVM)was used to classify the image into a spoof
or genuine class. In this research, a self-collected dataset of SCUT FVD and a public
dataset of IDIAP FVD were used for experimental evaluation. The best result of
ACER as low as 0.00% could be achieved for both SCUTFVDand IDIAPFVDusing
TVD with LBP Descriptor. Maser et al. [8] investigated the applicability of Photo
Response Non-Uniformity (PRNU) to detect finger vein presentation attacks. PRNU
fingerprints were first generated from two public finger vein datasets to classify
between real or spoofed images, whereby the later contain very low variability and
the scattering of light is anticipated to be more uniform as compared to a real image.
The lowest ACER based Normalized Cross Correlation (NCC) similarity measure
at 4.39% could be obtained for IDIAP spoofing dataset with the implementation
of Wiener filter and zero-mean filter post-processing. On the other hand, Singh [9]
presented a novel texture method based on the decomposition of normal-map and
diffuse-map properties of each finger vein image for PAD purpose. The proposed
approach was evaluated by using self-collected dataset with perfect accuracy. Other
popular finger vein texture analysis methods for PAD presented in the literature are
[10, 11].
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Fig. 1 Proposed solution
Watershed Segmentation

Feature Space Conversion

Histogram of Oriented Gradient 

Histogram Concatenation

3 Proposed Solution

3.1 Overview

In this work, we proposed finger vein PAD based on hybrid texture analysis which
includes pre-processing, multi-channel feature space analysis and classification. In
this context, the pre-processing step contains watershed algorithm is first applied
for image segmentation to obtain the Region of Interest (ROI) of finger vein, It
then follows by the conversion of original finger vein image to RGB and transform
into the corresponding color space to extract luminance components so that it can be
used for subsequent multi-channel analysis, and then Histogram of Oriental Gradient
descriptors are calculated from the channels of different feature spaces (grayscale
and luminance) to serve as input to be fed into Support Vector Machine (SVM)
for classification purpose. The general idea of our proposed methods for detecting
presentation attacks is depicted in Fig. 1.

3.2 Segmentation

Watershed segmentation is applied to retrieve the ROI of an image for subsequent
analysis. This algorithm makes use of user-defined markers which make it possible
to treat pixel values as a local topography (elevation) where the pixel intensity would
signify the height. For example, bright areas can be deemed as high area hence
labelled as the hill or ridge. For the dark areas on the other hand is deemed as low are
and represent trough or basins. It is important to note that Elevation map is computed
using a Scharr transform which utilise the optimisation of weighted mean squared
angular error.
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3.3 Feature Space Conversion

In image processing, color space is the color model available for the images. Some
famous color spacewould includeRGB (Red,Green,Blue),YUV(Y is the luminance
component and UV are chrominance components), YCrCb (Y represents luminance
component while Cr and Cb represent chrominance of red and blue respectively)
and HSV (hue, saturation, value) [12]. Luminance is a scientific term to describe the
brightness of light, while chromium is the color information of an image. According
to Li et al. [13], RGB is not the most suitable color space for PAD image analysis due
to its inability to separately represent the luminance and chrominance information.
As such, we consider YCrCb and YUV color spaces since real and printed images of
a subject have different visual features of luminance and chrominance components
of the color spaces. YCrCb is chosen because the analysis of the histogram of these
color spaces can be an indicator for the liveness of an image [3], and human visual
system has different sensitivity towards color and brightness in these color spaces.
On the other hand, HSV color space defines an image that can be characterised by
its brightness and chromaticity family. Brightness is the measurement of luminous
intensity value,while chromaticity is described byhue and saturation. The differences
between a real image and a printed image are best described by decoupling the
intensity value from color carrying luminance information [14]. In this work, we
extract luminance component of the corresponding color spaces and combine with
original grayscale texture for subsequent multi-channel feature space analysis.

3.4 Histogram of Oriental Gradient (HOG) Feature Space
Analysis

Histogram of Oriental Gradient (HOG) is a feature descriptor provides a simpli-
fied representation of an image for object detection and image classification. HOG
descriptor focuses on the structure and shape of an image object. It can determine
the edges of the image through extracting the gradient and orientation of the edges.
In our work, locally converted feature space information of an image is first used to
calculate gradients on each image pixel. The gradient magnitude of the pixel is added
to the corresponding orientation bin. Input pixels are spatially quantized in cells of
n × n pixels, where n is the cell size. In each cell, we compute a 1D histogram
of the gradient orientations binned into b bins with tri-linear interpolation on the
image. Noted that b and nwill be optimized based on empirical evaluation. The final
histogram,H is then computed based on block normalised gradient orientation of all
the cells of the image. To obtain hybrid histogram descriptors, two implementations,
namely CHOG1 and CHOG2 are used to represent and analysis different channels
of feature spaces for HOG calculation.

Specifically, the implementation is based on two different feature spaces as
mentioned in the Sect. 3.3. Let I be a finger vein image represented in the feature
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space C such that C ∈ {Grayscale,YCbCr, HSV,YUV } and let Hi
c, {i = 1, …,

M} be the histogram extracted from M channel of different feature spaces of C.
The HOG of the image I can be defined as

[
Hc = H 1

c , . . . , H
M
c

]
, which represents

the first implementation where HOG operator is applied to selected feature spaces
to obtain final histogram descriptors, CHOG1. In second CHOG2 implementation,
multiple channels are transformed into a single channel with maximum channel
gradient, which is defined to be the gradient with largest L2 magnitude among the
different channels at the pixel. HOG operator is applied to the selected single channel
for convenience of histogram calculation.

4 Experimental Setup

4.1 Datasets and Performance Criteria

SCUT Finger Vein Presentation Attack Database (SCUT-FVD) collected by BIP
Lab, School of Automation Science and Engineering, South China University of
Technology (SCUT) [15] will be used for experimental analysis purpose. Note that
SCUT-FVD follows the standard protocol to divide the images into three sub-group
with reference to International competition of finger vein PAD [11] based on the ratio
of sample sizes set as 2:2:6. The images of SCUT-FVD is split into the sub-groups
made up of:

(1) Training dataset (“train”) contains 1440 total images, half of them are real
images, and another half is spoof images. The images are used to train the
classifiers used in the study.

(2) Development dataset (“dev”) contains 1440 total images, 720 of the images is in
real folder, and another 720 are spoof images. Development dataset enables the
experiment to estimate decision threshold for SVM. Bayesian Hyper-parameter
tuning is used to select a set of optimal hyperparameters with Tree-structured
ParzenEstimator (TPE)model as surrogate function tomap the hyperparameters
to the probability of score of development dataset. The optimal hyperparameters
will then be used in test dataset to predict the error rate.

(3) Test dataset (“test”) has the largest number of images that is totalled to 4320
images where 2160 of them are real images and another 2160 are spoof
images. The test images are used to predict the performance of proposed
implementations.

As shown in the Table 1, there are 100 subjects for each real and spoof image of
three fingers (index, middle, and ring finger) from both hands, yielding the total of
100 × 2 × 3 × 6 shoots = 3600 images for each subset of real and spoof database,
respectively. A subject can only exist in one of the data sets (train, dev or test)
to ensure fair comparison purpose. Images are labelled as the following pattern:
ID_finger_session_shot_light.bmp. ID is the subject’s ID, types of finger of both
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Table 1 SCUT-FVD dataset information

Subject Hands Fingers Shot number Total

Real 100 2 3 (index, middle, ring) 6 3600

Spoof 100 2 3 (index, middle, ring) 6 3600

Real Image 

Spoof Image 

a
b

Fig. 2 a Sample images of SCUT FV dataset, b real and spoof images of the same finger

hands, the session number (either 0 or 1), shot number, and lastly the intensity of
the light for the picture. Figure 2a shows the sample of finger vein images of SCUT
FVD while Fig. 2b shows the different types of real and spoof images of the same
finger available in the dataset.

ISO/IEC 30107-3 [16] performance criteria is used to evaluate the proposed
methods and compare to other different PAD methods. Two evaluation metrics are
Bona Fide Presentation Classification Error Rate (BPCER) and Attack Presenta-
tion Classification Error Rate (APCER). Specifically, BPCER measures the propor-
tion of bona fide (real) images incorrectly classified as presentation attack images
and APCER measures the proportion of attack presentations incorrectly classified
as bona fide presentations, while Average-Classification-Error-Rate and (ACER) is
calculated as the average error of APCER and BPCER. A low ACER is desired for
any PAD methods.

4.2 Experimental Results

Table 2 presents the results of different feature space implementations. The result
vindicated that the use of hybrid textures yielded excellent results in finger vein
anti-spoofing. From Table 2, it can be seen that the combination of Grayscale and
YUV (with luminance component) feature space performs better among the two
implementations. In addition, the experiments reveal that CHOG1 provide a slight
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Table 2 Result of the experiments

Implementation with different feature spaces Performance criteria (%)

Accuracy APCER BPCER ACER

CHOG1-Gray 98.89 1.53 0.49 1.01

CHOG1-Gray + HSV 98.84 2.08 0.23 1.16

CHOG1-Gray + YUV 99.40 1.11 0.09 0.60

CHOG1-Gray + YCbCr 99.00 1.67 0.32 1.00

CHOG2-Gray 98.35 1.48 1.82 1.65

CHOG2-Gray + HSV 99.26 1.34 0.14 0.74

CHOG2-Gray + YUV 97.06 4.68 1.20 2.94

CHOG2-Gray + YCbCr 97.75 2.92 1.57 2.25

better result than using single-channel max gradients of CHOG2. It is also noticeable
that the effect of HOG with different feature spaces could attain the lowest ACER of
0.60 and 0.74% in bothCHOG1 (Grayscale+YUV) andCHOG2 (Grayscale+HSV)
implementation, respectively. It seems that applying the combination of different
feature spaces to be more effective against finger vein presentation attacks. This is
because the use of two feature spaces provide enough discriminative information to
distinguish the images of spoofed class from real class. On the other hand, Fig. 3
shows Receiver Operating Characteristic (ROC) plot to compare the performance
of two implementations with eight feature spaces analysis. The ROC justified the
claim of combination of two feature spaces always outweigh single feature space
(Grayscale only) with the curve of different two feature spaces always peak at upper
left corner on top of single feature space.

Fig. 3 ROC plot based on different feature space analysis
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Table 3 Performance comparison of different PAD methods with SCUT-FVD

Methods Performance criteria (%)

APCER BPCER ACER

TV-LBP [7] 0.00 0.00 0.00

Proposed CHOG1-Gray + YUV 1.11 0.09 0.60

Proposed CHOG2-Gray + HSV 1.34 0.14 0.74

DDWT [10] 2.92 0.28 1.60

RLBP [11] 2.18 1.67 1.93

FSER-DWT [10] 4.03 0.23 2.13

HDWT [10] 9.54 1.85 5.69

Table 3 presents the comparison between our best implementation with other the
state-of-the-art methods. As indicated in this table, we observed that TV-LBP is
the best PAD method with ACER at 0% while our proposed implementations attain
second and third place on the challenging SCUT FVD, which outperform other state
of-the art methods. The results reflect that the proposed combination of different
feature spaces is capable of attaining the aims of designing a robust finger vein PAD
method.

5 Conclusion

Thework presentedmulti-channel HOGwith two implementations, namely, CHOG1

and CHOG2. The proposed implementation is evaluated by using standard public
dataset of SCUT-FVD with promising results, as compared with other state-of-the-
art methods. As of the future work, we will extend our works to other histogram
descriptors such asmulti-resolution HOG and other variants of histogram descriptors
for Finger vein PAD problems.
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Modeling Tourism Using Spatial Analysis
Based on Social Media Big Data:
A Review

Zhu Chen, Rayner Alfred , and Oliver Valentine Eboy

Abstract Since an ever-increasing part of the population makes use of social media
in their day-to-day lives, social media data has been analyzed in many different
disciplines. While there is a great deal of literature on the challenges and difficulties
involving specific data analysis methods, there hardly exists research on analyzing
the appropriate techniques used to handle different types of data for the purpose of
social media analytics. To address this gap, we conducted an extended and structured
literature analysis through which we identified challenges addressed and solutions
proposed. The literature search revealed that three types of data that were least used
for social media analytics that includes Bluetooth, WIFI and mobile roaming data.
In contrast, other types of data have received more attention. Based on the results of
the literature search, we discuss the most important challenges for researchers and
present potential solutions. The findings are used to extend an existing framework on
social media analytics. The article provides benefits for researchers and practitioners
who wish to collect and analysis social media data.
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1 Introduction

With the rapid development of social media, the tourism industry has undergone
tremendous changes [1]. In the undeveloped stage of the Internet, people mainly
navigate in unfamiliar environments through public facilities or tools [2]. Before
traveling, they can now use social media to get more information and guidance, and
to experience the culture and customs of the destination in advance by following to the
travel notes posted by others [3]. Along with the deep comprehension, social media
has become the main carrier of the digital media information era, and has received
extensive support in society [4]. Because of the good interactivity and timeliness of
social media, people are more willing to share their lives on the Internet through
social media platforms [5].

As more and more people share their lives online, the large-scale data from struc-
tured and unstructured is to formbig data, opening up the era of big data [6]. However,
there are only three articles on applying big data to tourism research [7–9]. The
dimensions of the research field are the starting point for these three studies and
focus on a specific type of big data. Regarding different travel issues, different data
sources have different data characteristics, and the applied analysis methods are also
different. Therefore, according to the application of different types of big data in
tourism research, systematic analysis should be carried out from research focus, data
types, technical methods, and so on.

The main goal of this paper is to provide a comprehensive overview of the appli-
cation of big data in tourism research. For the existing review articles, the main
contributions of this article are: (1) A comprehensive discussion of the types of big
data in tourism research; (2) A comprehensive discussion of the visualization of
social media big data; (3) A comprehensive discussion of existing social media big
data analysis methods.

2 Social Media Data

This section covers a brief overview of types of social media data that can be cate-
gorized into Users Generated Content (UGC) Data and Device Generated Content
(DGC) Data.

2.1 Users Generated Content (UGC) Data

Users Generated Content data mainly includes two types of data, one is travel text
data, such as Blogs, Weibo and Raiders shared by tourists on social platforms; the
other is online photo data, such as travel photos shared on Flickr and Instagram.
These types of data are used as a primary data to promote tourism research.
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2.1.1 Text Data

Social media provides a platform for visitors to spread a variety of travel-related
information, such as travel reviews and experiences. Visitors can express their satis-
faction with travel products on social media platforms and share their travel perspec-
tives and experiences. This has resulted in two types of online text data for travel
research, namely review data and blog data. The review data is mainly used to eval-
uate the satisfaction of tourists with tourism products. The review data mainly comes
from the text data of tourists on social platforms such as online reviews of travel
websites, hotel booking sites, and blogs. The data volume of review data ranges
from hundreds to hundreds of thousands [10–13]. The blog data is primarily used
for record travel events and feelings of Tourists. The analysis and research on blog
data mainly involves travel recommendation [14] and tourist sentiment analysis [15].
In summary, online text data mainly includes online comment data and blog data,
which are commonly used to analyze tourists’ satisfaction with hotels, restaurants
and scenic spots, as well as travel recommendations and tourist sentiments.

2.1.2 Online Photo Data

The photo data posted by users on social platforms contains rich information, such as
photo annotations, location and time information. Researchers mine this information
to analyze tourists’ travel behavior and describe tourists themselves [16–18]. Based
on photo data, the discussion of travel recommendations for travel destinations, travel
routes, travel durations, travel path and travel time have beenwell studied [19, 20]. By
mining and analyzing the content of tourist photos, researchers can construct images
that visualize tourist destinations, and the content of these photos has also become
an effective tool for potential tourists to construct images of tourist destinations [21].

2.2 Device Generated Content (DGC) Data

2.2.1 Global Positioning System (GPS) Data

Since both global and accurate, GPS data fully demonstrates the feasibility and supe-
riority in tourism research [22]. In early research, the feasibility and practicality of
GPS data was the main focus of research [23]. In the following research, tourism
behavior mainly focused on spatial behavior and time behavior [24]. However,
existing research ismore inclined to combine spatial behaviorwith temporal behavior
[25]. With the deepening of research, using GPS data to collect trajectory informa-
tion of tourists, discover tourists’ travel routes and behaviors, and model and define
tourist routes to predict tourists’ behavior and plans in tourist destinations [26].
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2.2.2 Mobile Network Roaming Data

Mobile network roaming data is in its infancy, mainly concentrated in the investi-
gation of data applicability and tourism behavior research. Researchers from data
collection to system analysis, in addition to studying the applicability of mobile
network roaming data in tourism research [27], also on tourism destination manage-
ment [28], tourist travel time issues, tourist destination loyalty and marketing [29],
tourists’ spatial distribution and accuracy [30]. However, the acquisition of mobile
network roaming data is more difficult, because such data involves user privacy and
monitoring issues, which greatly limits the application of mobile network roaming
data in tourism research. However, mobile network roaming data can provide a new
perspective for tourism research because of its large coverage and rich information.

2.2.3 Bluetooth Data

The devices that people carry can be detected by sensors to collect Bluetooth data.
From the perspective of location and trajectory, Bluetooth technology can detect
the personal behavior of a large number of tourists, providing a new perspective
for tourism research. Due to the limited range of Bluetooth data reception, current
research is focused on specific area or planned event tourism activities [31, 32].

2.2.4 WIFI Data

WIFI, also known as wireless hotspot, is a wireless LAN technology. In terms of
tracking travel behavior,WIFI is considered a replacement for Bluetooth technology.
Compared with the application of Bluetooth data in tourism research, there are only
two studies on the application of WIFI data in tourism research [33, 34]. Similar to
Bluetooth data, due to user privacy issues, there are relatively few tourism studies
using WIFI data.

2.3 Transactional Data

2.3.1 Web Search Data

Visitors use search engines to collect information and leave search trails on the
website. These search tracks constitute a class of valuable big data and directly reflect
the attention of tourists to tourism projects. Web search data shows great advantages
in tourism research, especially in capturing online behaviors and making relevant
decisions [35]. Researchers mainly based on Google and Baidu search engine to
predict the tourist traffic or hotel visitor number [35–43]. In addition, researchers
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use search data to predict economic indicators [44], hotel room demand [45], and
travel rate at destination [46].

2.3.2 Other Transaction Data

Tourist-related operations such as online booking and purchase of travel products
are another part of the transaction data. The hotel website is able to record data such
as online bookings and purchases of visitors, which can provide decision support
for managers and investors [47]. The occupancy data is used to better help decision
makers manage hotels [48]. The consumables, such as electricity, disposables and
domestic water, can also be used in tourism research [49]. Visitors browse or access
data generated can help the website improve online marketing from content and
design [50]. When a tourist uses a consumer card to purchase a travel product, the
data is preserved and helps to study the purchase behavior of the visitor and design
a customized product [51]. Ticketing data for tourist areas can also support tourism
research to improve the management of tourist areas [52]. Analysis using road traffic
data can reflect the spatial characteristics of visitors [53]. A small number of tourism
researches using travel data also include decision support for tourism management
and optimization of online travel products. However, most of this data is in the hands
of tourism organizations or governments, and it is difficult to obtain such data, which
leads to less travel research using these types of data.

2.4 Characteristics of Data

For online textual data, this data comes from different social media platforms such as
TripAdvisor [11, 54–56], Yelp [57], Expedia [12], Ctrip [58], Booking [13], Dianpin
and so on. As one of the largest travel social platforms, TripAdvisor is the most
widely used in tourism research. Sina Weibo and Twitter are the main blog social
platforms and the main source of blog data. Sina Weibo is one of the largest social
platforms in China and is also used in tourism research [59]. Twitter data are used to
study the temporal and spatial distribution of tourists [60], the relationship between
tourist areas and local geographic locations [61], and sentiment analysis [15]. Flickr
is one of the largest photo sharing platforms and has become the main source of
photo data in tourism research [18, 19]. The GPS data in tourism research is mainly
obtained by a professional GPS device [25] or a mobile GPS embedded in a smart
phone. GPS equipment can ensure data accuracy compared to other methods [26].
However, the GPS equipment is costly and may produce sample bias. Using GPS-
embedded mobile applications to obtain visitors’ spatial-temporal behavior data is
considered a flexible and low-cost method of data acquisition [62]. Google Trends
andBaidu Index are themost popular search data sources currently applied to tourism
research. But Google Trend is worldwide, Baidu Index only faces to China [43].
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3 Visualizing Social Media Data

Visualization can help people better understand the analysis results conveyed by
social media data [63]. By the triangular frame structure of social network data [64],
social media data can be divided into attributes, location and time. From the perspec-
tive of attributes, it can be achieved by graphical variables in Bertin theory [65]. In
time dimension, time can be described by graphic variables, snapshots or anima-
tion techniques, and adding dimensions to describe [66]. In location dimensions, it is
necessary to distinguish geographic or graphical location. The geographic location is
usually visualized based on the latitude and longitude of the data released; the graph-
ical location is usually visualized based on the connectivity or other characteristics
of the data.

The visualization of social media data usually will contain two or three dimen-
sions. However, a method combining the three dimensions has not yet appeared.
Geo-visualization is considered a way to fill this gap, and it provides a new method
for theoretical construction and understanding of geographic data [67]. The visual-
ization methods could not capture the depth of social media data in the early stages,
thereforemore advanced geo-visualizationmethods are needed to reveal socialmedia
data in the multidimensional.

The complex structure of social media data creates several key structures of public
participation in social media: identity, sharing, communication, and relationships
[68]. Due to different levels of service and complexity, social media services inte-
grate these constructions, resulting in different fields and audiences, and forming
a highly heterogeneous environment [69]. But there are three commonalities in
different constructions, namely the location of nodes, the links between nodes, and
the content shared between nodes.

The geo-visualization of network structure focuses on the underlying network
structure of social media data. It is achieved by embedding social network graphs
into abstract network space. The graph layout algorithm is usually used to organize
the nodes and edges, so that each node corresponds to a set of coordinates in the
network space and is organized and drawn.

The social network has a higher vitality due to the changes among users, content
and links. The dynamic capture poses a challenge to visualization. The three solutions
can be applied to the field of dynamic social networks: visualizing the statistical data
of the network over time [70], visualizing a series of network snapshots, and using
animation technology to visualize the network. In addition, various indicators of
social networks can be visualized using visual variables (color, size).

The visualization of social media content also brings challenges to geo-
visualization. One of the common methods for visualizing topic information is tag
cloud (word cloud). By combining with geographic information visualization, it is
possible to communicate the relationship between geographic and subject space.
As word cloud applications increase in the visualization of social media content,
geographic layout has also emerged [71]. In addition, it is also applicable to video
and sound.
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The content of social media has higher vitality, because the topics and keywords in
the content will change rapidly. Visualizing the spatio-temporal change can discover
the spread and change patterns of the theme, and it can also support the prediction
of the theme or spread and the evaluation of the results of the activity. Through the
coupling of a dynamic activity, dynamic social media content can be visualized. This
dynamic activity displays the contribution of social media location as a function of
a given time interval and the ranking of users or content at each time interval.

The relationship between geo-visualization and social media data types is shown
in Fig. 1. The difference between visualizing network structure and dynamic network
structure is that the latter needs to increase the time dimension. In the UGC data,
the geo-visualization of the network structure can be performed through the user’s
social relationship or the relationship mentioned in the content. But in device data
and transaction data, this relationship is hidden. Through the visualization of GPS
data, an internal network structure can be formed to analyze and discover tourists’
behavior and potential points of interest. Because the device and transaction data
lack user-published content, the geo-visualization of social media content is mainly
for user generated content data.

Fig. 1 Geo-visualization and social media data types. The ellipse represents the type of geo-
visualization, and the rectangle represents the type of data that can be used for visualization
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4 Analyzing Social Media Data

As shown in Table 1, data collecting, and mining are usually used to extract the
implicit information in text data. Web crawling technology is used to collect travel-
related textual data [10, 14, 72]. In the data mining phase, different processing
methods are used according to different research purposes, including data cleaning
[10, 12, 13], tokenization [10, 13, 72], word stemming [13] and part-of-speech
tagging (POST) [10, 55]. Pattern discovery is another important stage of text data
mining including latent Dirichlet allocation (LDA) [10], sentiment analysis [15, 55],
clustering and classification [61], statistical analysis [8], text summaries [55] and
dependency modeling [54, 58, 73].

The original online photo data is preprocessed by data cleaning and text mining,
leaving valuable metadata [19, 74, 75]. After data pre-processing, the cluster analysis
of the extracted metadata is mainly carried out from discovery of tourist attractions
[19], tourist sources [16] and travel time [20]. Finally, the order of the attractions
and the time interval between the attractions are studied to meet the travel route
and travel plans [20]. The Markov chain technology is capable of predicting the next
destination and obtaining more detailed travel route knowledge based on the location
of the visitor [18].

Due to different data formats, the processing of GPS data are divided into direct
processing and format conversion of raw GPS data. For the former, techniques such
as data cleaning [76], address matching [23, 35] and stop point detection [77] will be
performed. After data preprocessing, statistical analysis [78], trajectory clustering
[25], motion prediction [26], and frequency pattern mining [77] will be applied to
GPS data to study the movement patterns of visitors. For the latter, GPS data is
converted into graphic data or vector direction data to study and discover time and
space behavior of tourists [77].

The network search data uses keyword selection and prediction factors to achieve
tourism prediction in tourism research and the selection method is directly related to
the research results [41]. The keyword selectionmethodmainly includes the selection
of technicalmethods [41, 43], region [38] and experience [36].Most research directly
uses raw data as a predictor and introduces network search data of selected keywords
into the predictive model [38, 44, 45]. However, in recent years, researchers are more
inclined to combine them into one or more composite indices [39, 40, 43].

5 Research Limitation

For online text data, the number of dataset samples is relatively small in most studies.
In addition, data reliability testing should also be included. Most of the text analysis
techniques for a single language are used [10]. In the sentiment analysis, researchers
tend to ignore that emotions are affected by verb polarity and degree adverbs [55].
Most of the research lacks understanding and research on the motivation.
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Table 1 Research Method of Applying Social Media Big Data Research

Data types Techniques and works

Text data 1. Web crawling is used to collect online text data from social platform [10,
14, 72]

2. Data cleaning is used to detect and remove inaccurate, spelling
correction or useless content [10, 12, 13, 80]

3. Tokenization is used to break text content into meaningful parts [10, 13,
72]

4. Word stemming is used to identify the root of a word, and mark words
[13, 81, 82]

5. Part-of-speech tagging (POST) is used to tag part of speech for each
word [10, 55, 83]

6. Latent Dirichlet allocation (LDA) is a model for identifying topics in
text content [10]

7. Sentiment analysis is used to identify the tourists’ attitudes towards the
tourist area [15, 55, 84–86]

8. Clustering and classification is used to group objects that are similar to
each other [61, 87, 88]

8. Statistical analysis includes descriptive statistics, t-test, correlation
matrix, Mann-Whitney U text and correspondence analysis [8]

10. Text summarization is used to extract key information and generate a
summary [55]

10. Dependency modeling is used to obtain the relationship between
tourism factors and text content data [54, 58, 73]

Online photo data 12. Data cleaning, formation and text mining are used to leave useful
metadata [19, 74, 75]

13. Cluster analysis, mainly include centroid-based method, density-based
method and connectivity-based method (hierarchical cluster), used to
analyses metadata from spatial, temporal and user dimensions [19, 74,
75]

14. Travel routes generation method and Markov chain technique, used
to get travel trajectories [18, 20]

GPS data 15. Data cleaning is used to remove noise points in order to improve data
accuracy [76]

16. Address matching is used to project GPS data onto the road network
[23, 35]

17. Stop point detection is used to discover where tourists stay for a while
[77, 79]

18. Statistical analysis is used to capture tourists route based on GPS data
[78]

19. Trajectory clustering is used to aggregate similar paths into a cluster
[25]

20. Frequency pattern mining is used to discover generalized sequences
of time-sequential event sets [77]

21. Motion prediction is used to predict tourists’ next destination based on
GPS data [26]

Web search data 22. Three keywords selection methods mainly include experiential,
territorial and technological method [36, 38, 41, 43]

23. Predictor introduction, include using the raw web search data and
index construction such as combining them into a few composite
indexes [38–40, 43–45]
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In photo data, there is a lack of relevant research on the time dimension, and
the data source is limited to mainstream photo-sharing platforms. In addition to
Cluster analysis and ranking analysis, other big data mining techniques should also
be introduced into current research. Among the researches, there is a lack of attention
to the valuable information contained in the photo data itself.

In GPS data, a few studies focus on GPS data. There is a lack of interdisciplinary
researchmethods to study and analyzeGPSdata. Forecasting future tourism activities
with periodic tourism behavior deserves more attention [79].

The research on tourism market factors is relatively rare by using network search.
Most of the research relies on experience or regional methods to select keywords, but
both methods have defects. When there are many keywords, more indexes should be
constructed to avoid collinearity in the regression.

In general, the current research usually involves only a single type of data and
mostly from a single space, lack of grasp of the overall space, especially in different
spatial scales.

6 Conclusion

The various types used in tourism research mainly come from three aspects. The data
generated by users is the main data type applied in tourism research. The equipment
data is relatively small and tourism research using operational data accounts for the
least, mainly because of data acquisition difficulties. It is not difficult to find that
the focus of tourism research on applying big data depends to a large extent on
data characteristics. However, different types of big data are used to study the same
problem, and each type of big data provides a unique analytical perspective. This is
due to differences in data characteristics that lead to their different performance in
tourism research.

The high degree of interconnection of social media data makes it necessary to
build networks frommultiple dimensions. Therefore, analyzing and visualizing these
contents can discover valuable knowledge from the various attributes of the data. The
visualization of socialmedia resources requires the visualization of abstract concepts.
This provides a unique opportunity to combine qualitative and quantitative analysis
in geography to study the human social system. Geographical visualization is an
attempt to study the complex and multidimensional social system of human beings
and will continue to develop with the improvement of analytical capabilities.

The use of big data in travel research faces challenges such as privacy, data quality
and data costs. Collaboration between research institutions and tourism agenciesmay
be away to address these challenges, not only reducing data cost and data availability,
but also actually addressing tourism-related issues. The solution to privacy issues can
be achieved by signing a confidentiality agreement or culling sensitive information
in the data.



Modeling Tourism Using Spatial Analysis Based on Social Media … 447

References

1. Hua LY, Ramayah T, Ping TA, Jun-Hwa C (2017) Social media as a tool to help select tourism
destinations: the case of Malaysia. Inf Syst Manag 34(3):265–279

2. BernoT,WardC (2005) Innocence abroad: a pocket guide to psychological research on tourism.
Am Psychol 60(6):593–600

3. Kim J, Fesenmaier DR (2017) Sharing tourism experiences: the posttrip experience. J Travel
Res 56(1):28–40

4. DeAndrea DC, Ellison NB, LaRose R, Steinfield C, Fiore A (2012) Serious social media: on
the use of social media for improving students’ adjustment to college. The Intern High Educ
15(1):15–23

5. Liu DJ, Hu J, Cheng SW, Chen JZ, Zhang Q (2015) Spatial distribution pattern and influ-
encing factors of China’s tourismWeibo——taking Sina Travel Weibo as an example. Scientia
Geographica Sinica 35(06):717–724

6. Kambatla K, Kollias G, Kumar V, Grama A (2014) Trends in big data analytics. J Parall Distrib
Comput 74(7):2561–2573

7. Rashidi TH, Abbasi A, Maghrebi M, Hasan S, Waller TS (2017) Exploring the capacity of
social media data for modelling travel behaviour: opportunities and challenges. Transp Res
Part C: Emerg Technol 75:197–211

8. Schuckert M, Liu X, Law R (2015) Hospitality and tourism online reviews: recent trends and
future directions. J Travel Tour Market 32(5):608–621

9. Shoval N, Ahas R (2016) The use of tracking technologies in tourism research: the first decade.
Tour Geogr 18(5):587–606

10. Guo Y, Barnes SJ, Jia Q (2017) Mining meaning from online ratings and reviews: tourist
satisfaction analysis using latent dirichlet allocation. Tour Manag 59:467–483

11. Liu Y, Teichert T, Rossi M, Li H, Hu F (2017) Big data for big insights: investigating language-
specific drivers of hotel satisfaction with 412,784 user-generated reviews. TourManag 59:554–
563

12. Xiang Z, Schwartz Z, Gerdes JH Jr, Uysal M (2015) What can big data and text analytics tell
us about hotel guest experience and satisfaction? Int J Hosp Manag 44:120–130

13. Xu X, Li Y (2016) The antecedents of customer satisfaction and dissatisfaction toward various
types of hotels: a text mining approach. Int J Hosp Manag 55:57–69

14. Yuan H, Xu H, Qian Y, Li Y (2016) Make your travel smarter: summarizing urban tourism
information from massive blog data. Int J Inf Manage 36(6):1306–1319

15. Philander K, Zhong Y (2016) Twitter sentiment analysis: capturing sentiment from integrated
resort tweets. Int J Hosp Manag 55(2016):16–24

16. Da Rugna J, Chareyron G, Branchet B (2012) Tourist behavior analysis through geotagged
photographies: a method to identify the country of origin. In: 2012 IEEE 13th international
symposium on computational intelligence and informatics (CINTI). IEEE, pp 347–351

17. Lu D, Wu R, Sang J (2017) Overlapped user-based comparative study on photo-sharing
websites. Inf Sci 376:54–70

18. Vu HQ, Li G, Law R, Ye BH (2015) Exploring the travel behaviors of inbound tourists to Hong
Kong using geotagged photos. Tour Manag 46:222–232

19. Lee I, Cai G, Lee K (2014) Exploration of geo-tagged photos through data mining approaches.
Expert Syst Appl 41(2):397–405

20. Lu X, Wang C, Yang JM, Pang Y, Zhang L (2010) Photo2trip: generating travel routes from
geo-tagged photos for trip planning. In: Proceedings of the 18th ACM international conference
on multimedia. ACM, pp 143–152

21. Deng N, Li XR (2018) Feeling a destination through the “right” photos: a machine learning
model for DMOs’ photo selection. Tour Manag 65:267–278

22. Bauder M, Freytag T (2015) Visitor mobility in the city and the effects of travel preparation.
Tour Geogr 17(5):682–700

23. East D, Osborne P, Kemp S, Woodfine T (2017) Combining GPS & survey data improves
understanding of visitor behaviour. Tour Manag 61:307–320



448 Z. Chen et al.

24. Shoval N, McKercher B, Birenboim A, Ng E (2015) The application of a sequence alignment
method to the creation of typologies of tourist activity in time and space. Environ Plann B:
Plann Des 42(1):76–94

25. Zakrisson I, Zillinger M (2012) Emotions in motion: tourist experiences in time and space.
Curr Issues Tour 15(6):505–523

26. Zheng W, Huang X, Li Y (2017) Understanding the tourist mobility using GPS: where is the
next place? Tour Manag 59:267–280

27. Ahas R, Aasa A, Roose A, Mark Ü, Silm S (2008) Evaluating passive mobile positioning data
for tourism surveys: an Estonian case study. Tour Manag 29(3):469–486

28. Raun J, Ahas R, Tiru M (2016) Measuring tourism destinations using mobile tracking data.
Tour Manag 57:202–212

29. Nilbe K, Ahas R, Silm S (2014) Evaluating the travel distances of events visitors and regular
visitors using mobile positioning data: the case of Estonia. J Urban Technol 21(2):91–107

30. Ahas R, Aasa A, Mark Ü, Pae T, Kull A (2007) Seasonal tourism spaces in Estonia: case study
with mobile positioning data. Tour Manag 28(3):898–910

31. Versichele M, De Groote L, Bouuaert MC, Neutens T, Moerman I, Van de Weghe N (2014)
Patternmining in tourist attraction visits through association rule learning onBluetooth tracking
data: a case study of Ghent, Belgium. Tour Manag 44:67–81

32. Yoshimura Y, Sobolevsky S, Ratti C, Girardin F, Carrascal JP, Blat J, Sinatra R (2014) An
analysis of visitors’ behavior in the Louvre Museum: a study using Bluetooth data. Environ
Plann B: Plann Des 41(6):1113–1131

33. Bonné B, Barzan A, Quax P, Lamotte W (2013) WiFiPi: involuntary tracking of visitors at
mass events. In: 2013 IEEE 14th international symposium on “A world of wireless, mobile and
multimedia networks” (WoWMoM). IEEE, pp 1–6

34. Chilipirea C, Petre AC, Dobre C, van Steen M (2016) Presumably simple: monitoring crowds
usingWiFi. In: 2016 17th IEEE International Conference onMobileDataManagement (MDM)
vol 1. IEEE, pp 220–225

35. Li X, Wu Q, Peng G, Lv B (2016) Tourism forecasting by search engine data with noise-
processing. Afr J Bus Manage 10(6):114–130

36. Bangwayo-Skeete PF, SkeeteRW(2015)CanGoogle data improve the forecasting performance
of tourist arrivals? Mixed-data sampling approach. Tour Manag 46:454–464

37. GunterU,Önder I (2016) Forecasting city arrivalswithGoogle analytics.AnnTourRes 61:199–
212

38. Huang X, Zhang L, Ding Y (2017) The Baidu index: uses in predicting tourism flows–a case
study of the Forbidden City. Tour Manag 58:301–306

39. Li X, Pan B, Law R, Huang X (2017) Forecasting tourism demand with composite search
index. Tour Manag 59:57–66

40. Park S, Lee J, SongW (2017) Short-term forecasting of Japanese tourist inflow to South Korea
using Google trends data. J Travel Tour Market 34(3):357–368

41. Peng G, Liu Y, Wang J, Gu J (2017) Analysis of the prediction capability of web search data
based on the HE-TDC method-prediction of the volume of daily tourism visitors. J Syst Sci
Syst Eng 26(2):163–182

42. Rivera R (2016) A dynamic linear model to forecast hotel registrations in Puerto Rico using
Google trends data. Tour Manag 57:12–20

43. Yang X, Pan B, Evans JA, Lv B (2015) Forecasting Chinese tourist volume with search engine
data. Tour Manag 46:386–397

44. Choi H, Varian H (2012) Predicting the present with Google trends. Econ Rec 88:2–9
45. Pan B, Chenguang Wu D, Song H (2012) Forecasting hotel room demand using search engine

data. J Hosp Tour Technol 3(3):196–210
46. Gawlik E, Kabaria H, Kaur S (2011) Predicting tourism trends with Google insights. Accessed

December 1, 2012
47. Saito T, Takahashi A, Tsuda H (2016) Optimal room charge and expected sales under discrete

choice models with limited capacity. Int J Hosp Manag 57:116–131



Modeling Tourism Using Spatial Analysis Based on Social Media … 449

48. Falk M (2010) A dynamic panel data analysis of snow depth and winter tourism. Tour Manag
31(6):912–924

49. Kahn ME, Liu P (2016) Utilizing “Big Data” to improve the hotel sector’s energy efficiency:
lessons from recent economics research. Cornell Hosp Quart 57(2):202–210

50. Plaza B (2011) Google analytics for measuring website performance. Tour Manag 32(3):477–
481

51. Sobolevsky S, Sitko I, Des Combes RT, Hawelka B, Arias JM, Ratti C (2014) Money on
the move: Big data of bank card transactions as the new proxy for human mobility patterns
and regional delineation. The case of residents and foreign visitors in Spain. In: 2014 IEEE
international congress on big data. IEEE, pp 136–143

52. Shih C, Nicholls S, Holecek DF (2009) Impact of weather on downhill ski lift ticket sales. J
Travel Res 47(3):359–372

53. Huang Z, Cao F, Jin C, Yu Z, Huang R (2017) Carbon emission flow from self-driving tours
and its spatial relationship with scenic spots–a traffic-related big data method. J Clean Prod
142:946–955

54. Fang B, Ye Q, Kucukusta D, Law R (2016) Analysis of the perceived value of online tourism
reviews: Influence of readability and reviewer characteristics. Tour Manag 52:498–506

55. Hu YH, Chen YL, Chou HL (2017) Opinion mining from online hotel reviews–a text
summarization approach. Inf Process Manage 53(2):436–449

56. Ma J, Luo S, Yao J, Cheng S, Chen X (2016) Efficient opinion summarization on comments
with online-LDA. Int J Comput Commun Control 11(3):414–427

57. Park S, Nicolau JL (2015) Asymmetric effects of online consumer reviews. Ann Tour Res
50:67–83

58. Ye Q, Law R, Gu B (2009) The impact of online user reviews on hotel room sales. Int J Hosp
Manag 28(1):180–182

59. Cheng M, Edwards D (2015) Social media in tourism: a visual analytic approach. Curr Issues
Tour 18(11):1080–1087

60. Chua A, Servillo L, Marcheggiani E, Moere AV (2016) Mapping Cilento: using geotagged
social media data to characterize tourist flows in southern Italy. Tour Manag 57:295–310

61. Bordogna G, Frigerio L, Cuzzocrea A, Psaila G (2016) Clustering geo-tagged tweets for
advanced big data analytics. In: 2016 IEEE international congress on Big Data (BigData
congress). IEEE, pp 42–51

62. Brovelli MA, Minghini M, Zamboni G (2016) Public participation in GIS via mobile
applications. ISPRS J Photogramm Remote Sens 114:306–315

63. Freeman L (2004) The development of social network analysis. A Study in the Sociology of
Science, 1, 687

64. Peuquet DJ (1994) It’s about time: a conceptual framework for the representation of temporal
dynamics in geographic information systems. Ann Assoc Am Geogr 84(3):441–461

65. Bertin J (1983) Semiology of graphics: diagrams. Networks, Maps 10(00690805.1987),
10438353

66. Gaertler M, Wagner D (2005) A hybrid model for drawing dynamic and evolving graphs. In:
International symposium on graph drawing. Springer, Berlin, Heidelberg, pp 189–200

67. MacEachren AM, Kraak MJ (2001) Research challenges in geovisualization. Cartogr Geogr
Inf Sci 28(1):3–12

68. Kietzmann JH, Hermkens K, McCarthy IP, Silvestre BS (2011) Social media? Get serious!
Understanding the functional building blocks of social media. Bus Horiz 54(3):241–251

69. Hanna R, Rohm A, Crittenden VL (2011) We’re all connected: the power of the social media
ecosystem. Bus Horiz 54(3):265–273

70. Ahn JW, Taieb-MaimonM, SopanA, Plaisant C, ShneidermanB (2011) Temporal visualization
of social network dynamics: prototypes for nation of neighbors. In: International conference on
social computing, behavioral-cultural modeling, and prediction. Springer, Berlin, Heidelberg,
pp 309–316



450 Z. Chen et al.

71. De Chiara D, Del Fatto V, Sebillo M, Tortora G, Vitiello G (2012) Tag@ map: a web-based
application for visually analyzing geographic information through georeferenced tag clouds.
In: International symposium on web and wireless geographical information systems. Springer,
Berlin, Heidelberg, pp 72–81

72. Xiang Z, Du Q, Ma Y, FanW (2017) A comparative analysis of major online review platforms:
implications for social media analytics in hospitality and tourism. Tour Manag 58:51–65

73. Zhang Y, Cole ST (2016) Dimensions of lodging guest satisfaction among guests with mobility
challenges: a mixed-method analysis of web-based texts. Tour Manag 53:13–27

74. Miah SJ, Vu HQ, Gammack J, McGrath M (2017) A big data analytics method for tourist
behaviour analysis. Inf Manag 54(6):771–785

75. Oender I (2017) Classifying multi-destination trips in Austria with big data. Tour Manag
Perspect 21:54–58

76. Birenboim A, Reinau KH, Shoval N, Harder H (2015) High-resolution measurement and anal-
ysis of visitor experiences in time and space: the case of Aalborg zoo in Denmark. The Prof
Geogr 67(4):620–629

77. Orellana D, Bregt AK, Ligtenberg A, Wachowicz M (2012) Exploring visitor movement
patterns in natural recreational areas. Tour Manag 33(3):672–682

78. Shoval N,McKercher B, Ng E, BirenboimA (2011) Hotel location and tourist activity in cities.
Ann Tour Res 38(4):1594–1612

79. Zheng Y (2015) Trajectory data mining: an overview. ACM Trans Intell Syst Technol (TIST)
6(3):29

80. Basri SB, Alfred R, On CK (2012) Automatic spell checker for Malay blog. In: 2012 IEEE
international conference on control system, computing and engineering, Penang, pp 506–510.
https://doi.org/10.1109/iccsce.2012.6487198

81. Alfred R, Leong LC, On CK, Anthony P (2014) A literature review and discussion of Malay
rule—based Affix elimination algorithms. In: Uden L, Wang L, Corchado Rodríguez J, Yang
HC, Ting IH (eds) The 8th international conference on knowledge management in organiza-
tions. Springer proceedings in complexity. Springer, Dordrecht. https://doi.org/10.1007/978-
94-007-7287-8_23

82. Leong LC, Basri S, Alfred R (2012) Enhancing Malay stemming algorithm with background
knowledge. In: Anthony P, Ishizuka M, Lukose D (eds) PRICAI 2012: trends in artificial
intelligence. PRICAI 2012. Lecture Notes in Computer Science, vol 7458. Springer, Berlin,
Heidelberg. https://doi.org/10.1007/978-3-642-32695-0_68

83. Alfred R, Mujat A, Obit JH (2013) A ruled-based part of speech (RPOS) tagger for Malay text
articles. In: SelamatA,NguyenNT,HaronH (eds) Intelligent information anddatabase systems.
ACIIDS 2013. Lecture Notes in Computer Science, vol 7803. Springer, Berlin, Heidelberg.
https://doi.org/10.1007/978-3-642-36543-0_6

84. Wang D, Alfred R (2020) A review on sentiment analysis model for Chinese Weibo text. In:
2020 3rd international conference on advanced electronic materials, computers and software
engineering (AEMCSE), Shenzhen, China, pp 456–463. https://doi.org/10.1109/aemcse50948.
2020.00105

85. Hung P, Lai, Rayner, Alfred (2019) An optimized multi-layer ensemble framework for senti-
ment analysis. In: 2019 1st international conference on artificial intelligence and data sciences
(AiDAS), Ipoh, Perak, Malaysia, pp 158–163. https://doi.org/10.1109/aidas47888.2019.897
0949

86. Alfred R, Teoh RW (2019) Improving topical social media sentiment analysis by correcting
unknown words automatically. In: Yap B, Mohamed A, Berry M (eds) Soft computing in data
science. SCDS 2018. Communications in computer and information science, vol 937. Springer,
Singapore. https://doi.org/10.1007/978-981-13-3441-2_23

87. Marine-Roig E, Clavé SA (2015) Tourism analytics with massive user-generated content: a
case study of Barcelona. J Destin Market Manag 4(3):162–172

https://doi.org/10.1109/iccsce.2012.6487198
https://doi.org/10.1007/978-94-007-7287-8_23
https://doi.org/10.1007/978-3-642-32695-0_68
https://doi.org/10.1007/978-3-642-36543-0_6
https://doi.org/10.1109/aemcse50948.2020.00105
https://doi.org/10.1109/aidas47888.2019.8970949
https://doi.org/10.1007/978-981-13-3441-2_23


Modeling Tourism Using Spatial Analysis Based on Social Media … 451

88. Suhaimin MSM, Hijazi MHA, Alfred R, Coenen F (2017) Natural language processing based
features for sarcasm detection: an investigation using bilingual social media texts. In: 2017 8th
international conference on information technology (ICIT), Amman, pp 703–709. https://doi.
org/10.1109/icitech.2017.8079931

https://doi.org/10.1109/icitech.2017.8079931


Analysis of Heart Rate Variability Using
Wearable Device

Rosmina Jaafar and Onn Chung Xian

Abstract Real-life stressors such as work pressure and examination exist in daily
life and will affect heart rate (HR) and heart rate variability (HRV) of an indi-
vidual. The objective of this study is to evaluate the effect of stress on HRV values
in healthy human subjects. Wearable device equipped with photoplethysmography
(PPG) sensor is worn by all subjects to record theHRdata in two situations, which are
during rest situation and stress situation for a period of 10 min in each situation. The
recorded HR data were then analysed using MATLAB and Kubios HRV software
to get the HRV values. Results obtained show that all subjects have higher HRV
values during rest situation and those values drop drastically when subjects were
exposed to stress simulation. HRV calculated from the root mean square of succes-
sive differences (RMSSD) values are more stable and consistent in determining the
HRVvalues compared to standard deviation of the nearest neighbor intervals (SDNN)
values. Besides, all subjects show changes in interbeat interval (IBI) from high fluc-
tuations to low fluctuations when subjects are in stress situation. Low fluctuations
in IBI changes will result in lower HRV values indicating the presence of stress
components. In conclusion, this study provides evidence that one will have lower
HRV values during stress situation compared to rest situation.

Keywords Heart rate variability · Stress · Photoplethysmography

1 Introduction

Wearable sensors have grown significantly in these days and play an important role
in human life especially in health monitoring application [1]. Nowadays, wearable
sensors not only measure simple parameter such as number of steps taken in a day,
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but also others physiological data such as heart rate (HR) and heart rate variability
(HRV). The normal HR for adults is 60–100 beats per minute (bpm) [2]. Individual
will have different HR depending on their body fitness level. Typically, a healthy
person will have a lower HR and vice versa.

The two most common ways in measuring HR are by using electrocardiography
(ECG) and photoplethysmography (PPG) sensors. Over the years, ECG has been the
dominant method in heart rate monitoring to identify abnormality in cardiovascular
system. ECG records the electrical activities of the heart and it shows the variation
in amplitude of the ECG signals versus time. Even though the ECG technique has
been improved progressively for the last few decades, its usage in terms of flexibility
and portability still does not meet the expectation of consumers. For example, few
electrodesmust be placed on the chest area in order for theECG to function effectively
and this procedure greatly reduced the mobility of users.

Thus, PPG is developed as an alternative method in heart rate monitoring [3].
Using comprehensive signal analysis, research has shown that PPG signal has good
potential to replace ECG recording in HRV signal extraction [4]. PPG uses infrared
light to measure volumetric variation in blood flow [5]. This measurement provides
important information on the cardiovascular system. The popularity of using PPG
technology as alternative technique in heart ratemonitoring has been increased lately,
mainly due to easy operation, high flexibility and portability, as well as its availability
at an affordable price. Thus, the PPG method is chosen to be used in this study.

While HR focuses on average heartbeat per minute, HRV consists of variation
in differences of time between consecutive heartbeats which is also known as the
variation in interbeat interval (IBI) [6]. A healthy heartbeat is complex and always
changing which enables the cardiovascular system to quickly adapt itself with the
physical and psychological challenges until homeostasis is achieved [7]. Typically, a
low HRV value shows that the body is under stress while a high HRV value normally
indicates that the body has strong ability in handling stress [8].

Mental stress has been a serious problem in modern society. Thus, the ability to
monitor stress level can help in overcoming this issue. Currently, the use of HRV
to monitor stress is still not developed thoroughly and this condition causes many
people not aware of the importance in monitoring stress level [9]. Nowadays, HRV
is normally used to identify cardiovascular disease such as heart attack, heart failure
and stroke.

Therefore, this study aims to investigate the effect of stress level on the HRV
value with the use of wearable sensors to record the HR data. HRV can be presented
in time domain, frequency domain, and non-linear methods [10]. This study only
focuses on time domainmethodwhereby the values of rootmean square of successive
differences (RMSSD) and standard deviation of nearest neighbor intervals (SDNN)
will be investigated while analyzing the HRV.
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2 Methodology

2.1 Participants

A random sample of four participants which comprises of threemales and one female
subject participated in this study. Participants are students at the Faculty of Engi-
neering and Built Environment in Electrical and Electronics Engineering course at
the National University of Malaysia (UKM).

Verbal explanation of the study procedure was provided to all participants. All
participants were allowed to adapt with the stress simulation task whereby a series
of mental arithmetic challenges need to be solved within a time limit. The HR data
collection started after the participant had understood all the procedures and has
adapted well with the stress simulation task.

2.2 Experiment Design and Procedure

The procedure starts with the HR data collection using photoplethysmography
sensors where data were collected before the stress simulation where participants
were in rest condition and during stress simulation which indicated the presence of
stress element. A suitable time interval in collecting the data was selected so that the
analysis can be done accurately. After the data collection has completed, MATLAB
and Kubios HRV software were used to analyse the data to obtain the HRV values
using statistical method. Lastly, comparison of results between the two softwares
were carried out to determine whether their findings comply with each other.

2.3 Photoplethysmography (PPG) Sensors

Huawei Honor Band5 that is equipped with PPG sensor as shown in Fig. 1a (left)
was used in collecting HR data. This wearable device uses a LED that shines light
into the body tissues and records the amount of light that is reflected back onto the
photodiode as shown in Fig. 1b [11].

PPG sensor can operate in two different modes, which are the transmission
mode and the reflectance mode respectively. Each mode has its own advantages
and disadvantages, but both provide non-invasive measurement to the users.

In the transmission mode, the light source and the photodiode are separated by
body tissues whereas in the reflectance mode, the light source and the photodiode are
located at the same side with the tissues to measure the reflected light. In this study,
the Honor Band5 is using reflectance mode as shown in Fig. 1a (right) to record the
HR data.
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Fig. 1 a Honor band 5 in front view (left), back view (right) and b reflectance PPG sensor

2.4 Stress Simulation

Before the stress simulation was conducted, participants were required to be in the
sitting position for 10 min to record the HR data in rest condition. In order to get the
HR data in stress condition, participants were required to go through a test known
as Montreal Imaging Stress Task (MIST) for a time period of 10 min.

MISTconsists of a series of computerizedmental arithmetic challengeswith a time
limit for each task [12]. Participants were required to answer a series of mathematical
question where the solutions to the questions were integers, between 0 and 9.

Participants will select a number on the rotary dial as shown in Fig. 2 by pressing
the left or right mouse buttons. Participants were required to press the middle mouse

Fig. 2 User interface in MIST
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button to submit the chosen answer on the rotary dial as the response to the arithmetic
task. This response was then compared with the correct answer for the task, and the
appropriate feedback (“correct” or “incorrect”) was shown in the feedback field of
the computer screen. If no response was submitted within the time limit, the response
“timeout” was displayed.

2.5 Statistical Method

The variations in the HR can be evaluated using few methods. The most common
method in calculating the HRV value is by using time or frequency. In this context,
the time domain method means the quantity of heartbeat that is formed in a specific
period of time, whereas the frequency domain method calculates the quantity of
heartbeat with low and high frequencies that have been formed.

In this study, time domain was used in determining the HRV values calculated by.
MATLAB programming using the appropriate formula for the RMSSD and SDNN
evaluations. TheMATLAB coding read the HR data saved inMicrosoft Excel down-
loaded from the PPG sensor in Honor Band5. The HRV data can also be evaluated
using Kubios HRV software for comparison [13].

The time domain method can be further divided into statistical method and
geometrical method [14]. After taking few aspects into consideration, the statis-
tical method is chosen as the method for evaluations of the HRV. In the statistical
method, the most common way that is used in analyzing the HRV is the RMSSD
which is easy to calculate and provides an accurate measurement for HRV analysis
as it reflects the parasympathetic activities. Besides, another method that is typically
used to calculate HRV is the analysis of SDNN which can be calculated using the
standard deviation values for all inter-beat intervals [15].

3 Results

3.1 RMSSD Values

Equation (1) has been used to calculate the RMSSD value in MATLAB whereas
Kubios uses its own algorithm in calculating the RMSSD value.

RMSSD =
√∑N−1

i=1 (RRi+1 − RRi )
2

N − 1
(1)

where

RR indicates the values of peak to peak or the inter-beat interval
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Fig. 3 HRV using MATLAB and Kubios showing a RMSSD and b SDNN values

RRi is the instantaneous inter-beat interval
RRi+1 is the next instantaneous inter-beat interval
N is the total number of RR data
Figure 3 shows that the RMSSD values calculated by MATLAB and Kubios

software are the same and no obvious differences are observed.

3.2 SDNN Values

Equation (2) has been used to calculate the SDNNvalue inMATLABwhereasKubios
uses its own algorithm in calculating the SDNN value.

SDNN =
√∑N

i=1

(
RRi − RR

)2
N

(2)

where RR indicates the average value of peak to peak or the inter-beat interval.
Figure 3b shows the SDNN values calculated by MATLAB and Kubios software.

The SDNN values from Kubios are not consistent and some participants show an
obvious difference of SDNN between the two softwares. Refer to Fig. 4b, there are

Fig. 4 a IBI values during rest, b IBI values during stress
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obvious difference in SDNN values for few subjects when the participants are in rest
and stress conditions. During rest condition, all participants show a SDNN value
of more than 40 ms. On the other hand, all participants show a lower SDNN value
which is less than 28 ms during stress condition.

3.3 IBI Values

The heart rate (HR) data collected using Honor Band5 produced IBI values that can
be calculated using Eq. (3).

I B I = 60

HR
(3)

The IBI for all participants in rest situation as shown in Fig. 4a demonstrates high
fluctuations in the IBI values. On the other hand, the IBI for all participants show low
fluctuations in the IBI values when they are exposed to stress simulation as shown in
Fig. 4b. High fluctuations in the IBI values will lead to higher RMSSD and SDNN
values and vice versa. The IBI fluctuations is directly proportional to the HRVwhere
high fluctuations during rest indicates high HRV and low fluctuations during stress
indicates low HRV.

Abox-plot can also be used to show the variation in IBI values. The box-plot shows
the distribution of data set based on five number summaries; minimum, first quartile
(Q1), median, third quartile (Q3) and maximum. The difference between Q3 and Q1
shows the interquartile range (IQR). Big values of IQR indicates a high variation in a
set of data and vice versa. Figure 5 shows all participants data have bigger values in
IQR during rest condition compared to stress condition. This indicates that subjects
have high variation in the IBI values during rest that will lead to higher HRV values.

Fig. 5 Box-plot for IBI values for all subjects
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4 Discussion

In this study, PPG technique has been used where all participants are required to
wear Huawei Honor Band 5 during the HR data collection. HR data is recorded in
two conditions, which are when participants are in rest condition and when they are
exposed to stress simulation. This study only focuses on two HRV parameters in
time domain which are the RMSSD and the SDNN.

The recorded HR data is analyzed using MATLAB and Kubios software in order
to get the RMSSD and SDNN values. Results show that the RMSSD values obtained
from both software are very similar and consistent for all participants whereas the
SDNN values obtained are not consistent and some participants show obvious differ-
ence between the two software. This shows that the RMSSD values are more stable
and consistent in determining HRV values compared to the SDNN values. However,
both software recorded a higher value inRMSSDandSDNNwhen all the participants
are in rest condition and a significant drop in those values can be observed when the
participants are exposed to stress simulation. This evidenced that the theory is true
where a subject will have a lower HRV value during stress condition compared to
rest condition.

All participants show high fluctuation in IBI values during rest condition and a
low fluctuation in those values can be observed when the participants are exposed to
stress simulation. A high fluctuation in IBI values will lead to a higher RMSSD and
SDNN values and vice versa. From box-plot of IBI for all subjects, it can be clearly
shown that all participants have bigger IQR values during rest condition compared
to stress condition. A big IQR value indicates that variation in IBI values during rest
is high and will lead to higher HRV values. Only Subject 1 exhibits a big difference
in median values during rest and stress conditions. This indicates that Subject 1 has
a high fitness level in handling stress compared to other subjects.

5 Conclusion

In this study the protocols from Montreal Imaging Stress Task (MIST) is able to
create stress simulation in all participants where all of them are required to answer
a series of computerized mental arithmetic challenges in 10 min. When participants
are in rest condition, the HRV values in the RMSSD and the SDNN values are higher
implying that the stress elements are absent. On the other hand, all participants show
obvious drop in the HRV value when they are exposed to stress simulation. In this
study, results also show that the RMSSD value is more stable and consistent in
determining the HRV value compared to the SDNN.

Besides, all participants show changes from high fluctuation to low fluctuation in
IBI values when they are exposed to stress simulation. Low fluctuation in IBI values
will lead to a lower HRV value indicating the presence of stress elements. In this
study, PPG technique is able to record the HR data accurately as showcased by the
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ECG technique. The PPG sensor has advantages in terms of flexibility and portability
and can compete with ECG technique in the future.

In conclusion, this study supports the theory where a subject will have a lower
HRV value during stress condition compared to rest condition. However, this study
has some limitations where the involved participants were chosen randomly without
taking into considerations gender and lifestyle. The lifestyles of subject such as
caffeine intake, smoking and physical activity are believed to have a considerable
effect on the heart rate (HR).
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Rational Finite Difference Solution
of First-Order Fredholm
Integro-differential Equations via SOR
Iteration

Ming Ming Xu, Jumat Sulaiman, and Labiyana Hanif Ali

Abstract The linear rational finite differencemethod (LRFD) is becomingmore and
more popular recently due to its excellent stability properties and convergence rate,
especially when we are approximating the derivative of some points near the end
of the interval. The main intention of this paper is to combine the 3-point linear
rational finite difference (3LRFD) method with the composite trapezoidal (CT)
quadrature formula to discretize the first-order linear integro-differential equation
and produce dense linear systems. Furthermore, the numerical solution of the integro-
differential equation is obtained by implementing the Successive Over-Relaxation
(SOR) method. At the same time, the classical Gauss–Seidel (GS) method is also
introduced as the control condition. In the end, through several numerical examples,
the number of iterations, the execution time and the maximum absolute error are
compared, which fully illustrated the superiority of SOR method over GS method in
solving large dense linear system generated by the CT-3LRFD formula.

Keywords Integro-differential equations · First-order linear Fredholm equations ·
Successive over-relaxation method · Linear rational finite difference · Composite
trapezoidal quadrature formula

1 Introduction

As mathematical models, integro-differential equations (IDEs) are widely applied in
various subjects, such asmathematics, physics, chemistry, biology andgeography etc.
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[1]. Fredholm and Volterra integro-differential equations are two classical types of
IDE. However, it is difficult to find their analytic solution inmany practical problems.
Therefore, in the recent years of research progress, the numerical solution of this
problemhas attracted a great deal of attention and has been covered by a large number
of papers and books, for instance, spline collocation method [2], Chebyshev and
Legendre polynomials [3], the reproducing kernelmethod [4], operationalmatrix [5],
CASwavelets [6] andTaylor expansionmethod [7]. The research in this paper focuses
on Fredholm integro-differential equation (FIDE), which is defined as follows

y′(t) = p(t)y(t) + f (t) +
b∫

a
K (t, u)y(u)du, a < t ≤ b,

y(a) = ya,
(1)

where the functions f (t), p (t) and the kernel K (t, u) are known and y (t) is the
solution to be determined.

In 2012 [8], Klein and Berrut proposed the linear rational finite difference (LRFD)
methods based on the linear barycentric rational interpolants (LBRI), which can be
applied to approximate the derivative of the interpolated function. Compared with
the classical finite difference (FD) method, the LRFD method has better stability
and accuracy, especially when it is used to approximate the derivative of the point
near the end of the interval. In 2014 [9], Berrut et al. applied the linear barycen-
tric rational quadrature method for Volterra integral equations. In 2018 [10], Abdi
Hosseini applied the linear barycrntric rational method for stiff Volterra integral
equations, further, in 2019, they extended LRFD method to solving stiff ODEs [11]
and stiff VIEs [12]. These previous studies have motivated us to apply to the LRFD
method for the FIDE problem. The main content of this paper is to apply 3-point
linear rational finite difference (3LRFD) method and composite trapezoidal (CT)
quadrature formula respectively to discretize the differential and integral terms of
the FIDE to form a large dense linear system, and then implement SOR method to
accelerate the solution process and obtain the numerical solution of problem (1).

The rest of the paper is organized along the following lines. In Sect. 2, the 3LRFD,
CT and SOR methods are elaborated. In Sect. 3, we investigate three numerical
examples anddiscuss the numerical results to verify the value of the proposedmethod.
The last section is the conclusion of this paper.

2 Methodology

Since problem (1) has differential and integral terms, both terms need to be approx-
imated in discrete form. Therefore, we mainly introduce the combination between
3LRFD scheme and CT formula, in which this combination is mainly used for
discretizing problem (1). We also present in detail the SOR iterative method for
solving the generated dense linear system.
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2.1 3-Point Linear Rational Finite Difference Method

LRFD[8]methods are usually based onLBRI.Let t0, t1, · · · , tn ben+1 real abscissas
and y(t0), y(t1), . . . y(tn) corresponding values. A LBRI [13] to these data will here
be an expression of the form

Yn(t) =
n∑

j=0

⎛

⎝

(
ξ j

t−t j

)
y(t j )

(∑n
i=0

ξi
t−ti

)

⎞

⎠. (2)

In 2007, Floater and Hormann [14] gave a specific expression of weights ξ j , j =
0, 1, · · · n. For equispaced nodes, the weights formulas are

ξ j = (−1) j−d

2d
∑

k∈J j

(
d

j − k

)

, Jj := (k ∈ {0, 1, 2, · · · , n − d} : j − d ≤ k ≤ j).

(3)

In this section, considering the network of uniform grids on the interval [a, b]
with the equispaced h = b−a

n . Refer to Eq. (2), the formula of 3LRFD to approximate
the first derivative of y(t) on t0, t1, . . . , tn is written as

y′(ti ) = Y ′
2(ti ) + e(ti ). (4)

in which

Y ′
2(ti ) =

⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

1

h

i+1∑

j=i−1

Di, j y
(
t j

)
, i = 1, 2, · · · , n − 1,

1

h

i∑

j=i−2

Di, j y
(
t j

)
, i = n,

(5)

where

Di, j =

⎧
⎪⎨

⎪⎩

ξ j

ξi

(
1

i− j

)
, j �= i,

−(Di,i−2 + Di,i−1), j = i = n,

−(Di,i−1 + Di,i+1), others.

(6)

In our study, we apply the 3LRFD formula to discretize the differential part of
the problem (1) to derive the corresponding quadrature-rational finite difference
approximation equation for the problem (1). We mainly focused on the 3LRFD at
d = 1, and then the corresponding value of Di, j can be obtained from Eq. (6), as
shown in Table 1, also the corresponding order of error accuracy can be obtained
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Table 1 The value of Di, j

d = 1 Di,i−1 Di,i Di,i+1

i = 1, 2, · · · , n − 1 − 1
2 0 1

2

i = n 1
2 2 3

2

from Berrut et al. [15] as |e(ti )| = O(h).

2.2 Quadrature Method

The integral part in Eq. (1) was discretized by applying CT formula from the
family of quadrature methods to construct approximation equations coincide with
the differential part. Generally, the quadrature formula can be defined as follows

b∫

a

y(u)du =
n∑

j=0

C j y
(
u j

) + δn(y). (7)

where for j = 0, 1, . . . , n, u j indicates the abscissas of the partition points of the
integration interval [a, b],C j are independent numerical coefficients and δn(y) is the
truncation error. To construct the formulation of the approximation equations for the
problem (1), we consider the CT method. Thus, the C j based on CT method can be
shown as follows:

C j =
{ 1

2h, j = 0, n,

h, others.
(8)

By substituting Eqs. (5), (6), (7) and (8) into Eq. (1), a general form of the first-
order quadrature-rational finite difference approximation equation can be constructed
as

1

h

n∑

j=0

Di, j y j = pi yi + fi +
n∑

j=0

C j Ki, j y j , i = 1, 2, · · · , n, (9)

where yi = y(ti ), pi = p(ti ), fi = f (ti ), Ki, j = K (ti , u j ).
Based on the approximation Eq. (9), the corresponding linear system can be

constructed which can be easily shown as

M̃ ỹ = F̃, (10)
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where M̃ = MT M , F̃ = MT F ,

ỹ =

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

y1
y2
y3
y4
...

yn−3

yn−2

yn−1

yn

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

(n×1)

,

F =

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

f1 + 1
2h y0 + C0K1,0y0

f2 + C0K2,0y0
f3 + C0K3,0y0
f4 + C0K4,0y0

...

fn−3 + C0Kn−3,0y0

fn−2 + C0Kn−2,0y0
fn−1 + C0Kn−1,0y0
fn + C0Kn,0y0

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

(n×1)

,

and M = (Mi, j )n×n = O − P − Q, in which

O =

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

0 1
2h 0 0 · · · 0 0 0 0

− 1
2h 0 1

2h 0 · · · 0 0 0 0
0 − 1

2h 0 1
2h · · · 0 0 0 0

0 0 − 1
2h 0 · · · 0 0 0 0

...
...

...
...

. . .
...

...
...

...

0 0 0 0 · · · 0 1
2h 0 0

0 0 0 0 · · · − 1
2h 0 1

2h 0
0 0 0 0 · · · 0 − 1

2h 0 1
2h

0 0 0 0 · · · 0 1
2h − 2

h
3
2h

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

(n×n)

,

P = diag(p1, p2, · · · , pn), and Q = (Qi, j )n×n = (C j Ki, j )n×n .
Namely
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Mi, j =

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

− 1
2h − Ci Ki, j , i = 2, 3, · · · , n − 1, j = i − 1,

−pi − Ci Ki, j , i = 1, 2, 3, · · · , n − 1, j = i,
1
2h − Ci Ki, j , i = 1, 2, 3, · · · , n − 1, j = i + 1,
1
2h − Ci Ki, j , i = n, j = n − 2,
− 2

h − Ci Ki, j , i = n, j = n − 1,
3
2h − Ci Ki, j , i = n, j = n,

−Ci Ki, j , others.

2.3 Successive Over-Relaxation Method

Due to the advantage of the iteration process, SOR iterative method is an effective
iterative method for solving large and dense linear systems (10). Let the matrix M̃
which is decomposed into

M̃ = D − L −U, (11)

where D,−L and −U are diagonal, strictly lower triangular and strictly upper trian-
gular matrices respectively. Thus, the general formula for the SOR iterative method
can be written as [16–19]

ỹ(k+1) = (D − ωL)−1((1 − ω)D + ωU )ỹ(k) + (D − ωL)−1ωF̃, (12)

where ω is a weighted parameter.
The SOR iterative method is attempted to find a solution to the system of linear

equations iteratively with the approximate solution to the vector ỹ. The iterations
of the method are continued until the solution is within a predetermined acceptable
bound on the error. By determined the values of matrices D,−L and −U as per
stated in Eq. (11), the general algorithm for SOR methods to solve the problem (1)
can be described as in Algorithm 1.

Algorithm 1: SOR methods

a. Initializing all the parameters. Set k = 0, and y(0) = 0.
b. For k = 1, 2, 3, . . . calculate

ỹ(k+1) = (D − ωL)−1((1 − ω)D + ωU )ỹ(k) + (D − ωL)−1ωF̃ .

.

c. Convergence test. If the error of tolerance
∥
∥ỹ(k+1) − ỹ(k)

∥
∥ ≤ σ = 10−10 is

satisfied, then the numerical solution is ỹ(k+1) and the computations stop.
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d. Else, set k = k + 1 and go to step (b).

3 Results and Discussion

In order to better illustrate the advantages of applyingSORmethod to solve numerical
solutions based on the approximation equation obtained from CT-3LRFD formula
introduced in this paper, three numerical examples have been considered in our work
as follows:

Example 1 [20] Consider the linear FIDE of first-order

y′(t) = 1 − 1

3
t +

1∫

0

tuy(u)du, 0 < t ≤ 1, (13)

with its initial condition y(0) = 0, and exact solution of problem (13) is y(t) = t .

Example 2 [21] Consider the linear FIDE of first-order

y′(t) = 1

6
− 1

18
t +

1∫

0

tuy(u)du, 0 < t ≤ 1, (14)

with its initial condition y(0) = 0, and exact solution of problem (14) is y(t) = 1
6 t .

Example 3 [21] Consider the linear FIDE of first-order

y′(t) = cos(t) + 1

4
t − 1

4

π
2∫

0

tuy(u)du, 0 < t ≤ 1, (15)

with its initial condition y(0) = 0, and exact solution of problem (15) is y(t) = sin(t).

Here the three parameters of the number of iterations, the execution time and the
maximum values of absolute errors obtained from the implementation of SOR and
GS methods are taken into account. As for comparisons, the classical GS iterative
method acts as the control of the comparison of numerical experiments. For the
Examples 1 to 3, we have carried out a large number of numerical experiments
with MATLAB software, the three parameters are compared respectively, and the
corresponding results are recorded in Tables 2, 3 and 4. In particular, For the first
two parameters, Figs. 1, 2 and 3 provide a more intuitive comparison of using two
different iteration methods.

Refer to Tables 2, 3 and 4 for n = 1024, it can be observed that the accuracy of
numerical solution of GS iteration is not accurate as the SOR iteration, this is because
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Table 2 Comparison of three parameters for two different iterative methods in Example 1

Methods Number of iterations

Mesh sizes

64 128 256 512 1024

GS-3LRFD 41,584 140,462 495,795 1,789,532 6,515,849

SOR-3LRFD
(ω)

547
(1.961007)

1044
(1.979574)

2001
(1.989564)

3874
(1.994721)

8041
(1.997494)

Execution time (s)

64 128 256 512 1024

GS-3LRFD 0.2088 0.9906 6.9489 60.8101 1895.7701

SOR-3LRFD 0.0028 0.0068 0.0291 0.1743 2.2537

Maximum absolution error

64 128 256 512 1024

GS-3LRFD 2.3215E−05 5.7183E−06 1.2026E−06 7.3113E−07 2.0422E−06

SOR-3LRFD 2.3249E−05 5.8112E−06 1.4513E−06 3.6129E−07 9.3526E−08

Table 3 Comparison of three parameters for two different iterative methods at Example 2

Methods Number of iterations

Mesh Sizes

64 128 256 512 1024

GS-3LRFD 37,141 124,500 435,527 1,555,552 5,594,038

SOR-3LRFD
(ω)

526
(1.961206)

1013
(1.980989)

1752
(1.989222)

3760
(1.995121)

7414
(1.997552)

Execution time (s)

64 128 256 512 1024

GS-3LRFD 0.1964 1.0987 7.1231 59.4149 1430.5265

SOR-3LRFD 0.0029 0.0101 0.0315 0.1626 2.0271

Maximum absolution error

64 128 256 512 1024

GS-3LRFD 3.8377E−06 8.7422E−07 2.6501E−07 7.3113E−07 2.0421E−06

SOR-3LRFD 3.8742E−06 9.7089E−07 2.4471E−07 6.3816E−08 1.8814E−08

the GS iteration needs to more iteration, due to large iteration, the round up error
occurs during calculation.

Based on the results obtained fromTables 2, 3 and 4, they aremainly the difference
between the number of iterations and the execution time, which clearly show that the
number of iterations of the SOR method has been drastically reducing compared to
GS method, see Figs. 1, 2 and 3, and Table 5. At the same time, the execution time
of the SOR methods is much faster compared to the GS method, see Figs. 1, 2 and 3
and Table 5. The accuracy of the SOR method is in good agreement compared with
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Table 4 Comparison of three parameters for two different iterative methods at Example 3

Methods Number of iterations

Mesh Sizes

64 128 256 512 1024

GS-3LRFD 25,786 92,868 340,451 1,255,513 4,629,343

SOR-3LRFD
(ω)

463
(1.949426)

845
(1.973541)

1710
(1.987108)

3205
(1.993322)

6317
(1.996656)

Execution time (s)

64 128 256 512 1024

GS-3LRFD 0.1331 0.8219 5.8326 47.7569 2513.6701

SOR-3LRFD 0.0025 0.0086 0.0291 0.1359 1.7727

Maximum absolution error

64 128 256 512 1024

GS-3LRFD 7.0823E−05 1.7668E−05 4.3335E−06 8.5428E−07 1.7465E−06

SOR-3LRFD 7.0842E−05 1.7706E−05 4.4253E−06 1.1081E−06 2.7851E−07

Fig. 1 Number of iterations and execution time (s) versus mesh size of two different iteration
methods in Example 1

the GS method. Overall, the advantages of the SOR method is more obvious when
considering the number of iterations and the execution time.



472 M. M. Xu et al.

Fig. 2 Number of iterations and execution time (s) versus mesh size of two different iteration
methods in Example 2

Fig. 3 Number of iterations and execution time (s) versus mesh size of two different iteration
methods in Example 3

Table 5 Percentage
reductions of number of
iterations and execution time
of SOR method relative to GS
method in solving Examples
1 to 3 by implementing
CT-3LRFD formulas

Methods Example Number of
iterations (%)

Execution time
(%)

SOR-3LRFD 1 98.68–99.88 98.66–9.88

2 98.58–99.87 98.52–99.86

3 98.20–99.86 98.12–99.93
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4 Conclusion

In this paper, the 3LRFD method combined with the CT quadrature formula has
been employed to discrete the differential part and integral part of the problem (1)
respectively. Then SOR method is applied to accelerate the solution process so as to
quickly and accurately obtain the numerical solution of the Eq. (11). Finally, in the
third section, numerical experiments are used to fully demonstrate the advantages
of the SOR method based on CT-3LRFD formulas used in this paper. The reason is
not only that 3LRFD has good approximation property, but also that SOR iterative
method has fast convergence property. In the future, we will extend the method in
this paper to higher-order FIDEs problems.
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Abstract In this article,wepropose semi-approximate approach infinding a solution
ofBurgers’ equationwhich is oneof thepartial differential equations (PDEs).Without
using the Newton method for linearization, we derive the approximation equation
of the proposed problem by using second-order implicit scheme together with the
semi-approximate approach. Then this approximation equation leads a huge scale
and sparse linear system. Having this linear system, the Successive Overrelaxation
(SOR) iteration will be performed as a linear solver. The formulation and execution
of SOR iteration are included in this paper. This paper proposed four examples of
Burgers’ equations to determine the performance of the suggested method. The test
results discovered that the SOR iteration is more effective than GS iteration with less
time of execution and minimum iteration numbers.
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1 Introduction

The nonlinear PDEs can be found in numerous areas of engineering and science
[1]. Burgers’ equation is one of the renown nonlinear PDEs which have been solved
analytically and numerically. This equation appeared in numerous problems such as
sound and shockwaves in a viscous fluid, turbulence, traffic flows and nonlinearwave
propagation [2]. Duemainly to the significant of this equation, various computational
approaches have been developed during the last decades. These approaches generally
involve finite volume, finite difference, finite element and spectral methods [3–6].

Guo et al. [3] have solved Burgers’ equation by using a high-order finite volume
compact scheme with a third-order strong stability preserving (SSP) Runge–Kutta
scheme. Mohamed [4] presented a numerical solution for solving nonlinear Burgers’
equation by using finite difference method. The numerical results obtained are
compared with exact solution of Euler forward discretization (EF) andMac Cormack
discretization (MCOR). Meanwhile, Chen and Zhang [5] proposed Galerkin finite
element method to approximate the solution of one-dimensional Burgers’ equation.

Commonly, by imposing the finite difference discretization scheme over the
nonlinear PDEs, the nonlinear approximation equation can be derived to form the
corresponding nonlinear system. Then, the Newton scheme applied to the nonlinear
system can develop a sequence of the corresponding linear system. To avoid of
having highly computational complexity from these linear systems, we consider the
formulation of the semi-approximate approach [7–9] based on the unsteady state
problem being applied to convert any nonlinear system into a single linear system.
Typically, the linear system can be numerically solved by using either direct methods
or iterative methods in which these methods act as linear solvers. However, since
the coefficient matrix of the generated linear system has sparse and huge scale, in
this paper, several iterations are used to achieve the desired approximate solution
of the linear system via GS and SOR iterations [10–13]. Due to the advantage of
SOR iteration which is one of the effective iterations, therefore, in this paper, we
mainly focus on evaluating the performance of the combination between SOR itera-
tion and semi-approximate approach for solving the proposed problems. In addition
to that, the numerical results of three examples of proposed problems have been
solved numerically via the implementation of SOR iteration.

This paper includes several sections. For Sect. 2, we present the formulation
of semi-approximate approach in getting the linear system. In Sect. 3 shows the
formulation of the proposed iterations. Then, we tested four examples in Sect. 4 for
the numerical comparison and we provide the numerical results for each example in
Sect. 5. Finally, conclusion is in in the last section of this paper.

Before we go through the discretization process, let us consider the one-
dimensional Burgers’ equation as given in the following form [14]:

∂v

∂t
+ v

∂v

∂x
= γ

∂2v

∂x2
(1)
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Fig. 1 Illustration the distribution of grid points over the solution domain

with initial condition v(x, 0) = v(x), k ≤ x ≤ l and boundary conditions v(k, t) =
fa(t), v(l, t) = fb(t), t > 0. where γ > 0 is a parameter namely kinematic viscosity
and v ∂v

∂x is the nonlinear term.
Figure 1 demonstrates the distribution of uniform grid points in which we need to

construct. Then, the implementation of the GS and SOR iterative methods are imple-
mented on interior grid points until the iterative convergence is reached. Referring
to Fig. 1, let the solution domain [k, l] in Eq. (1) be divided uniformly with �h and
�t in directions of x and t respectively in which each grid of �h and �t may be
described as

�h = l − k

m
,

�t = t

n
. (2)

2 Semi-approximate Approximation Equation

To start this section, the discretization of problem (1) will be presented by using
the semi-approximate approach. For convenience, the nonlinear problem (1) can be
simplified as
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∂v

∂t
+ F(x, t, v)

∂v

∂x
= λ

∂2v

∂x2
(3)

To get the semi-approximate approximation equation, we impose and get the
second-order implicit scheme to Eq. (3) written as (Zainal et al. [15])

vi. j+1 − vi. j

�t
+ fi. j

(
v1. j+1, v2. j+1, ..., vm−1. j+1

)

= γ

(�h)2

(
vi−1. j+1 − 2vi. j+1 + vi+1. j+1

)
(4)

where

fi. j
(
v1. j+1, v2. j+1, ..., vm−1. j+1

) = d

(
xi , t j+1, vi. j+1,

vi+1. j+1 − vi−1. j+1

2�h

)
(5)

Since Eq. (5) shows the nonlinear term, we solve this problem by considering the
semi-approximate approach that is used to eliminate the nonlinear term of Eq. (4)
in a way to form a linear system. Referring to the term vi. j+1 in Eq. (5), several
researchers have suggested to impose the semi-approximate approach in which the
term vi. j+1 will be approximated by vi. j as the value of �t is relatively small value.
As a result, Eq. (5) can be approximated as

fi. j
(
v1. j+1, v2. j+1, ..., vm−1. j+1

) = d

(
xi , t j+1, vi. j ,

vi+1. j+1 − vi−1. j+1

2�h

)
(6)

As provided in Eq. (4), the simplification of semi-approximate approximation
equation for problem (1) can be reformulated at time level, j + 1 in the form of

−qivi−1. j+1 + rivi. j+1 − vi+1. j+1 = Fi. j , i = 1, 2, 3, . . . , m − 1, (7)

where

βi = γ

(�h)2
−

(
1

2(�h)

)
vi. j ,

qi =
(

1
2(�h)

)
vi. j + γ

(�h)2

βi
,

ri =
1 + 2γ�t

(�h)2

βi
,

Fi. j = vi. j

�t.βi
.

Thus, Eq. (7) can be represented in a matrix form as
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Bv j+1 = Fj (8)

where,

B =

⎡

⎢⎢⎢⎢⎢
⎢⎢⎢
⎣

r1 −1
−q2 r2 −1

−q3 r3 −1
. . .

. . .
. . .

−qm−2 rm−2 −1
−qm−1 rm−1

⎤

⎥⎥⎥⎥⎥
⎥⎥⎥
⎦

(m−1)×(m−1)

,

v− j+1
= [

v1. j+1, v2. j+1, v3. j+1, . . . , vm−1. j+1
]T

,

F− j
= [

F1. j + qiv0. j+1, F2. j , F3. j , . . . , Fm−2. j , Fm−1. j+1 + vm. j+1
]T

Clearly, it can be observed that the coefficient matrix, B is sparse and huge scale.

3 Derivation of Successive Overrelaxation Iteration

As stated in Sect. 1, this section discusses about the iterative methods that acts as a
linear solver. Since, the coefficientmatrix of linear system (8) is sparse andhuge scale,
we consider SOR iteration to get the approximate solution of the proposed problems.
In this paper, GS iteration is assigned as control method to analyze the efficiency of
the proposed iteration. The improvement of the GS iteration with the use of weighted
parameters, ω between the range 1 ≤ ω < 2 can accelerate the convergence rate
[16–18]. Therefore, this section attempts to discuss the formulation and execution
of the modification of GS iteration known as SOR iteration. The general scheme of
SOR iteration is given as

v
(k+1)
j+1 = (C − ωW )−1 +

[
(ωγ − (1 − ωW )C)v

(k)
i. j+1

]
+ (C + ωW )−1F j (9)

Hence, to solve the linear system (8), the algorithm of SOR iteration may also
being described in Algorithm 1.
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4 Numerical Examples

Considering that the primary goal for this paper is to verify the effectiveness of SOR
iteration, hence, four examples of Burgers’ problems are considered. This paper
evaluated three aspects for comparison purpose which is iteration numbers, time
of execution and maximum absolute error. We test the execution of GS and SOR
iterations with different grid sizes, m = 256, 512, 1024, 2048 and 4096.

Example 1 [19] Consider the following initial value equation:

v(x, 0) = 2x, for t > 0. (10)

Its exact solution is given by

v(x, t) = 2x

1 + 2t
. (11)

Example 2 [3] Consider the following initial value equation:

v(x, 0) = 2γ
π sin(πx)

σ + cos(πx)
, for t > 0. (12)

The exact solution of problem (12) is given by

v(x, t) = 2γπe−π2γ t sin(πx)

σ + e−π2γ t cos(πx)
. (13)

Example 3 [20] Consider the following initial value equation:
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v(x, 1) = x

1 + exp
(

1
4γ

(
x2 − 1

4

)) , for t > 0. (14)

Its exact solution is given by

v(x, t) =
x
t

1 +
(

t
t0

) 1
2
exp

(
x2
4γ t

) , where to = exp

(
1

8γ

)
(15)

Example 4 [21] Consider problem (1) with initial value equation are taken from the
exact solution [22].

v(x, t) = λ

1 + λt

(
x + tan

(
x

2 + 2λt

))
, t ≥ 0. (16)

5 Discussion

As discussed in the previous section, there are four numerical examples which are
being evaluated. Tables 1, 2 and 3 shows the numerical results for iteration numbers,
time of execution and maximum absolute error for examples 1, 2, 3 and 4 which
can be illustrated by Figs. 2, 3, 4, 5, 6, 7, 8 and 9. Meanwhile, Table 4 indicates
the reduction percentage for SOR iteration compared to GS iteration in aspects of
iteration numbers and time of execution.

Based on the numerical results obtained in Tables 1, 2 and 3 which can be illus-
trated as shown in Figs. 2, 3, 4, 5, 6, 7, 8 and 9, it clearly shows a significant
difference between GS and SOR iterations. Meanwhile, in Table 4 show the reduc-
tion percentage of iteration number and time of execution. It can be described that

Table 1 Iteration numbers for Examples 1, 2, 3 and 4

Example m 256 512 1024 2048 4096

Methods Iteration numbers

1 GS 9442 34,408 124,303 444,081 1,564,185

SOR 324 627 1275 2442 4906

2 GS 1092 3986 14,490 52,196 185,757

SOR 143 275 530 1021 1987

3 GS 113 390 1395 4988 17,651

SOR 26 48 88 163 314

4 GS 30 89 304 1076 3818

SOR 22 41 79 154 300
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Table 2 Time of execution for Examples 1, 2, 3 and 4

Example m 256 512 1024 2048 4096

Methods Time of execution (s)

1 GS 9.32 68.08 494.03 3612.07 25,623.28

SOR 0.45 1.41 5.56 21.40 90.97

2 GS 1.14 8.11 58.66 424.40 3115.74

SOR 0.21 0.66 2.34 8.90 36.05

3 GS 0.14 0.83 5.81 41.50 298.51

SOR 0.09 0.15 0.49 1.82 7.30

4 GS 0.11 0.22 1.29 8.51 61.32

SOR 0.10 0.14 0.40 1.38 5.47

Table 3 Maximum absolute error for Examples 1, 2, 3 and 4

Example m 256 512 1024 2048 4096

Methods Maximum absolute error

1 GS 6.386E−07 2.554E−06 1.021E−05 4.077E−05 1.627E−04

SOR 9.206E−10 1.454E−08 1.167E−08 8.950E−09 8.307E−09

2 GS 7.900E−04 7.866E−04 7.815E−04 7.634E−04 6.920E−04

SOR 7.904E−04 7.881E−04 7.875E−04 7.873E−04 7.873E−04

3 GS 6.399E−04 6.299E−04 6.279E−04 6.290E−04 6.357E−04

SOR 6.398E−04 6.298E−04 6.273E−04 6.267E−04 6.265E−04

4 GS 1.064E−08 4.667E−08 1.854E−07 7.604E−07 3.048E−06

SOR 7.908E−08 7.810E−08 6.347E−08 4.534E−08 1.964E−08

Fig. 2 Numerical solution
for iteration numbers of
Example 1
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the iteration numbers for SOR iteration have declined tremendously approximately
by 96.57–99.67%, 86.90–98.93%, 76.99–98.22% and 26.67–92.14% respectively as
compared with GS iteration. Meanwhile, for the execution time of SOR as compared
with GS are more faster by 95.17–99.64%, 81.58–98.84%, 35.71–97.55% and 9.09–
91.08%. Clearly, we can conclude that for all chosen grid sizes, the SOR iteration
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Fig. 3 Numerical solution
for iteration numbers of
Example 2
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Fig. 4 Numerical solution
for iteration numbers of
Example 3
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Fig. 5 Numerical solution
for iteration numbers of
Example 4
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Fig. 6 Numerical solution
for time of execution of
Example 1
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Fig. 7 Numerical solution
for time of execution of
Example 2
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Fig. 8 Numerical solution
for time of execution of
Example 3
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Fig. 9 Numerical solution
for time of execution of
Example 4
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Table 4 Reduction
percentage for SOR iteration
compared to GS iteration for
Examples 1, 2, 3 and 4

Example Iteration numbers (%) Time of execution (%)

1 96.57–99.67 95.17–99.64

2 86.90–98.93 81.58–98.84

3 76.99–98.22 35.71–97.55

4 26.67–92.14 9.09–91.08

produce the lowest iteration numbers and shortest time of execution relative to GS
iteration.
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6 Conclusion

As discussed in the previous section, to create a linear system of proposed problem,
the second-order implicit scheme and semi-approximate approach have been success-
fully used to derive the corresponding second-order semi-approximate approxima-
tion equation. The iteration number and time of execution for SOR iteration is tremen-
dously decreased as shown in Tables 1 and 2. Hence, in the end of this paper, we can
conclude that the implementation of SOR iteration using semi-approximate approach
is successfully solve the Burgers’ equations. Overall, the numerical results have been
obtained from this study is based on the point iteration family, for future work we
should extend to deal with the application of block iteration family such as Explicit
Group (EG) iteration [23, 24].
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Solution of One-Dimensional Boundary
Value Problem by Using Redlich-Kister
Polynomial

Mohd Norfadli Suardi and Jumat Sulaiman

Abstract In this paper, the Redlich-Kister (RK) polynomial interpolation have
been formulated and analyzed in solving two-point boundary value problems
(BVPs). The Redlich-Kister polynomial interpolation is tested with certain number
of different sizes and compared with Cubic Trigonometry B-Spline Interpolation
Method (CTBIM) and Power Polynomial (Power). To do that, the discretization
process of BVPs by imposing the generated RK dense linear system. Then this dense
linear system need to be solved via direct method to determine the approximate value
of unknown coefficients in which these coefficient are used to form the RK approxi-
mation function. Based on the maximum norm (MaxNorm) and L2-Norm, the results
showed that the solution by using the RK approximate function is the more accurate
compared with CTBIM and Power methods.

Keywords Redlich-Kister · Two-point boundary value problem · Polynomial
solution

1 Introduction

Nowadays, the numerical solutions are very important for solving many problems
in various field including sciences, physics and engineering, however, the two-point
BVPs are the most popular among researchers [1]. Commonly, the two-point BVPs
appear in chemical modeling, heat transfer and absorption and optimal optimum
issues [2]. Due to this attention, various methods have been used like Sinc-Galerkin
method and modifications decomposition, Adomain decomposition method and
hybrid Galerkin method [3–5] for solving the proposed problem. The shooting
method, the family of spline and B-spline methods have been applied for solving
the same BVPs [6–9]. To begin, consider the following two-point BVPs equation at
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interval [a, b] [10]

∂2y

∂x2
+ Z(x)

∂y

∂x
+ G(x)y = r(x), x ∈ [a, b] (1)

with the Dirichlet conditions

y(a) = D, y(b) = E

where D and E are assumed as left and right boundaries respectively.
According to previous studies on RK polynomial interpolation, usually this

method have been used for development of mathematical models in physics and
chemistry area [11–13] but only few studies in numerical analysis have been carried
out [14]. That means that this method still has not been explored and applied by
other researchers in numerical analysis. In addition, many researchers also earn
more interest to investigate the several numerical discretization scheme especially
the finite difference method for solving the boundary value problem such as stan-
dard finite difference [15], Chebyshev finite difference [16] and Rational Finite
Difference [17]. They was combined a standard numerical methods with the finite
difference discretization scheme to construct a new finite difference method, for
example the combination between an exponential approximation and finite differ-
ence discretization scheme are knownas exponential finite difference for solving two-
point boundary value problems [18]. Based on that combination concept, this paper
was persuaded to propose a new finite difference known as Redlich-Kister Finite
Difference (RKFD) discretization scheme by imposing into the proposed problem
(1) in order to get its accurate approximate solution. To do this, let us define the RK
approximation function as

Un(x) =
n∑

k=0

ak · Tk(x) (2)

where ak, k = 0, 1, 2, . . . , n are unknown parameters that need to be determined.
Here the outline of this paper is follows: Sect. 2 discusses about the RK poly-

nomial. Then, in Sect. 3, the numerical examples are considered and the results are
given. The last section deals with the conclusion based on the results recorded.

2 Redlich-Kister Polynomial

Asmentioned in previous section, we consider the RK function for solving two-point
boundary value problems. In Sect. 1, by looking the general formula in Eq. (2) and
taking n = 10, we have the 10th-order RK approximation function as follows
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U (x) = A0T0(x) + A1T1(x) + A2T2(x) + A3T3(x) + A4T4(x) + A5T5(x)

+ A6T6(x) + A7T7(x) + A8T8(x) + A9T9(x) + A10T10(x) (3)

where

T0(x) = 1,
T1(x) = x,

T2(x) = x(1 − x)(2x − 1),
...

Tn(x) = x(1 − x)(2x − 1)n−2.

Refer to Eq. (3), we need to find the first and second derivative of U (x). Firstly,
we have obtained the first derivative as follows

U ′(x) = A0T
′
0(x) + A1T

′
1(x) + A2T

′
2(x) + A3T

′
3(x) + A4T

′
4(x) + A5T

′
5(x)

+ A6T
′
6(x) + A7T

′
7(x) + A8T

′
8(x) + A9T

′
9(x) + A10T

′
10(x) (4)

where

T ′
i (x) = δ

δx (Ti (x)), i = 0, 1, 2, . . . , 10.

and the second derivative is shown in Eq. (5),

U ′′(x) = A0T
′′
0 (x) + A1T

′′
1 (x) + A2T

′′
2 (x) + A3T

′′
3 (x) + A4T

′′
4 (x) + A5T

′′
5 (x)

+ A6T
′′
6 (x) + A7T

′′
7 (x) + A8T

′′
8 (x) + A9T

′′
9 (x) + A10T

′′
10(x) (5)

where

T ′′
i (x) = δ2

δx2 (Ti (x)), i = 0, 1, 2, . . . , 10.

Then, by substituting Eqs. (3), (4) and (5) into (1) the Redlich-Kister approxima-
tion equation can be shown as

A0T
′′
0 (x) + A1T

′′
1 (x) + A2T

′′
2 (x) + A3T

′′
3 (x) + A4T

′′
4 (x) + A5T

′′
5 (x) + A6T

′′
6 (x)

+ A7T
′′
7 (x) + A8T

′′
8 (x) + A9T

′′
9 (x) + A10T

′′
10(x) + Z(x)

[
A0T

′
0(x) + A1T

′
1(x)

+ A2T
′
2(x)A3T

′
3(x) + A4T

′
4(x) + A5T

′
5(x) + A6T

′
6(x) + A7T

′
7(x)

]

+ G(x)[A0T0(x) + A1T1(x) + A2T2(x) + A3T3(x) + A4T4(x) + A5T5(x)

+ A6T6(x) + A7T7(x) + A8T8(x) + A9T9(x) + A10T10(x)] = r(x) (6)

Having the complicated Eq. (6), we rearrange and get the Redlich-Kister
approximation equation for problem (1) as follow
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W0(x)A0 + W1(x)A1 + W2(x)A2 + W3(x)A3 + W4(x)A4 + W5(x)A5

+ W6(x)A6 + W7(x)A7 + W8(x)A8 + W9(x)A9 + W10(x)A10 = r(x) (7)

where

Wi (x) = T ′′
i (x) + Z(x)T ′

i (x) + G(x)Ti (x) (8)

Before we proceed the next stages, the solution domain [a, b] need to be divided
in several sub-interval in which each of node points can be defined as xi = a0 + ih,
where h = b−a

n .
By considering all node points xi , i = 0, 1, 2, . . . , n, we can rewrite Eq. (7) as

Wj,i A0 + Wj,i A1 + Wj,i A2 + Wj,i A3 + Wj,i A4 + Wj,i A5 + Wj,i A6

+ Wj,i A7 + Wj,i A8 + Wj,i A9 + Wj,i A10 = ri (9)

where

Wj (xi ) = Wj,i , i = j = 0, 1, 2, . . . , n.

According to Eq. (9), substitute the value of i from 0 to 10, we will have the RK
linear system

W · A = R (10)

Here,W is the coefficient matrix of order (n + 1), A is an unknown vector and R
is a known vector. Hence, the unknown vector can be solved by using this formula

A = W−1 · R (11)

3 Result and Discussion

In this section, three numerical examples were considered to compare the accuracy
of Redlich-Kister polynomial. All these examples are tested and the numerical result
has been calculated based on the maximum norm (MaxNorm) and L2-norm in order
to choose the best method between CTBIM, Power and RK polynomials for solving
two-point BVPs. The following is the formula that have been used to calculate the
MaxNorm and L2-norm:

MaxNorm = ‖ST (xl) − y(xl)‖∞ (12)

and
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L2-Norm = ‖ST (xl) − y(xl)‖2 =
√∑

l

[ST (xl) − y(xl)]
2 (13)

Also, during the implementation of these approaches, CTBIM is set up as a bench
marking method. For comparison purpose, this method has been used to validate the
Power and RKmethods at one constant grid size, n = 10. Therefore, three examples
have been tested as follows:

Example 1 [19]
Given the two-point BVPs as

∂2 y
∂x2 − ∂y

∂x = −e(x−1)−1
, x ∈ [0, 1] (14)

The exact solution of this Example 1 is y(x) = x
(
1 − e(x−1)

)
.

Example 2 [20]
We consider two-point BVPs as follows

∂2 y
∂x2 + (x + 1) ∂y

∂x − 2y = (
1 − x2

)
e(−x), x ∈ [0, 1] (15)

where its exact solution is given by y(x) = (x − 1)e−x .

Example 3 [21]
The two-point BVPs as follows

∂2 y
∂x2 − (

π2
)
y = −2π2 sin(πx), x ∈ [0, 1] (16)

where the exact solution is stated as y(x) = sin(πx).

The results of CTBIM, Power and RK solutions were recorded in Tables 1, 2, 3,
4, 5, 6, 7, 8 and 9 and illustrated in Figs. 1, 2, 3, 4, 5, 6, 7, 8 and 9 for all numerical
examples are considered.

Based on the resultswere recorded inTables 1, 2, 3, 4, 5, 6, 7, 8 and 9 and illustrated
in Figs. 1, 2, 3, 4, 5, 6, 7, 8 and 9, the accuracy of Redlich-Kister approximate solution
is closed to the exact solution for all examples that were also solved by CTBIM and
Power approximation function. This means that the accuracy of RK approximate
function is more accurate than other approximation function. Then, this statement
is supported with the comparison for all numerical methods in term of MaxNorm
and L2-Norm after all numerical examples were tested as shown in Table 10. From
Table 10 shows that the numerical solution of RKmethod gives the highest accuracy
compared to the CTBIM and Power methods.
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Table 1 The results of
CTBIM solution for Example
1

Node point Exact solution CTBIM
approximate
solution

Error

0.0 0.0000000000 0.0000000000 0.0000E+00

0.1 0.0593430340 0.0595188042 1.7577E−04

0.2 0.1101342072 0.1104710968 3.3689E−04

0.3 0.1510244089 0.1515015679 4.7720E−04

0.4 0.1804753456 0.1810643603 5.8901E−04

0.5 0.1967346701 0.1973979616 6.6329E−04

0.6 0.1978079724 0.1984969225 6.8895E−04

0.7 0.1814272455 0.1820800082 6.5276E−04

0.8 0.1450153975 0.1455543468 5.3895E−04

0.9 0.0856463238 0.0859750847 3.2876E−04

1.0 0.0000000000 0.0000000000 0.0000E+00

Table 2 The results of power
solution for Example 1

Node point Exact solution Power
approximate
solution

Error

0.0 0.0000000000 0.0000000000 0.0000E+00

0.1 0.0593430340 0.0593430339 −1.4748E−10

0.2 0.1101342072 0.1101342070 −1.3674E−10

0.3 0.1510244089 0.1510244088 −1.0416E−10

0.4 0.1804753456 0.1804753456 8.2804E−11

0.5 0.1967346701 0.1967346708 6.8971E−10

0.6 0.1978079724 0.1978079747 2.3023E−09

0.7 0.1814272455 0.1814272515 5.9747E−09

0.8 0.1450153975 0.1450154110 1.3511E−08

0.9 0.0856463238 0.0856463517 2.7925E−08

1.0 0.0000000000 0.0000000540 5.3962E−08

4 Conclusion

In this paper, we have formulated and applied the Redlich-Kister approximation
function in solving two-point BVPs. Also, we already calculated the accuracy for all
approximation function are considered compared between them. Finally, from the
numerical experiments, it can be concluded the RK method is more accurate among
the CTBIM and Power approximation function. For future works, this paper can be
extended by increasing the number of sizes and applying iterative methods [8, 10].
Moreover, this method also can bemodify and combine it with trigonometry function
in order to solve one dimensional boundary value problems.
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Table 3 The results of RK solution for Example 1

Node point Exact solution RK approximate solution Error

0.0 0.0000000000 0.0000000000 1.3491E−15

0.1 0.059343034 0.0593430339 −1.4170E−10

0.2 0.1101342072 0.1101342071 −1.2465E−10

0.3 0.1510244089 0.1510244087 −1.1591E−10

0.4 0.1804753456 0.1804753455 −9.9036E−11

0.5 0.1967346701 0.1967346701 −8.9702E−11

0.6 0.1978079724 0.1978079723 −7.4620E−11

0.7 0.1814272455 0.1814272455 −5.3137E−11

0.8 0.1450153975 0.1450153975 −3.8882E−11

0.9 0.0856463238 0.0856463238 −1.5915E−11

1.0 0.0000000000 −0.0000000000 −1.3491E−15

Table 4 The results of
CTBIM solution for Example
2

Node point Exact solution CTBIM
approximate
solution

Error

0.0 −1.0000000000 −1.0000000000 0.0000E+00

0.1 −0.8140614971 −0.8143536762 2.9218E−04

0.2 −0.6545160011 −0.6549846025 4.6860E−04

0.3 −0.5180180080 −0.5185727545 5.5475E−04

0.4 −0.4016201233 −0.4021920276 5.7190E−04

0.5 −0.3027277157 −0.3032653299 5.3761E−04

0.6 −0.2190585503 −0.2195246544 4.6610E−04

0.7 −0.1486068703 −0.1489755911 3.6872E−04

0.8 −0.0896114535 −0.0898657928 2.5434E−04

0.9 −0.0405272181 −0.0406569660 1.2975E−04

1.0 0.0000000000 0.0000000000 0.0000E+00
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Table 5 The results of power solution for Example 2

Node point Exact solution Power approximate solution Error

0.0 −1.0000000000 −1.0000000000 7.5495E−15

0.1 −0.8143536762 −0.8143536763 −1.0962E−10

0.2 −0.6549846025 −0.6549846025 −8.0904E−11

0.3 −0.5185727545 −0.5185727545 −6.6098E−11

0.4 −0.4021920276 −0.4021920277 −5.0802E−11

0.5 −0.3032653299 −0.3032653299 −3.8617E−11

0.6 −0.2195246544 −0.2195246544 1.5497E−11

0.7 −0.1489755911 −0.1489755909 1.8812E−10

0.8 −0.0898657928 −0.0898657922 6.2068E−10

0.9 −0.0406569660 −0.0406569644 1.5913E−09

1.0 0.0000000000 0.0000000035 3.4918E−09

Table 6 The results of RK solution for Example 2

Node point Exact solution RK approximate solution Error

0.0 −1.0000000000 −1.0000000000 3.2641E−14

0.1 −0.8143536762 −0.8143536763 −1.1132E−10

0.2 −0.6549846025 −0.6549846025 −8.1135E−11

0.3 −0.5185727545 −0.5185727545 −6.3365E−11

0.4 −0.4021920276 −0.4021920277 −4.3195E−11

0.5 −0.3032653299 −0.3032653299 −3.4014E−11

0.6 −0.2195246544 −0.2195246545 −2.2977E−11

0.7 −0.1489755911 −0.1489755911 −1.0192E−11

0.8 −0.0898657928 −0.0898657928 −6.8940E−12

0.9 −0.0406569660 −0.0406569660 1.4264E−12

1.0 0.0000000000 −0.0000000000 −6.6613E−15
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Table 7 The results of CTBIM solution for Example 3

Node point Exact solution CTBIM approximate solution Error

0.0 0.0000000000 −0.0000000000 −3.0670E−15

0.1 0.3090169944 0.3080602147 −9.5678E−04

0.2 0.5877852523 0.5859653492 −1.8199E−03

0.3 0.8090169944 0.8065121127 −2.5049E−03

0.4 0.9510565163 0.9481118513 −2.9447E−03

0.5 1.0000000000 0.9969037960 −3.0962E−03

0.6 0.9510565163 0.9481118513 −2.9447E−03

0.7 0.8090169944 0.8065121127 −2.5049E−03

0.8 0.5877852523 0.5859653492 −1.8199E−03

0.9 0.3090169944 0.3080602147 −9.5678E−04

1.0 0.0000000000 0.0000000000 0.0000E+00

Table 8 The results of power
solution for Example 3

Node point Exact solution Power
approximate
solution

Error

0.0 0.0000000000 0.0000000002 2.1160E−10

0.1 0.3090169944 0.3090155121 −1.4823E−06

0.2 0.5877852523 0.5877842444 −1.0079E−06

0.3 0.8090169944 0.8090162370 −7.5735E−07

0.4 0.9510565163 0.9510560274 −4.8893E−07

0.5 1.0000000000 0.9999996113 −3.8866E−07

0.6 0.9510565163 0.9510562521 −2.6416E−07

0.7 0.8090169944 0.8090168901 −1.0431E−07

0.8 0.5877852523 0.5877851793 −7.2995E−08

0.9 0.3090169944 0.3090170380 4.3672E−08

1.0 0.0000000000 0.0000000462 4.6203E−08
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Table 9 The results of RK
solution for Example 3

Node point Exact solution RK
approximate
solution

Error

0.0 0.0000000000 0.0000000002 2.1111E−10

0.1 0.3090169944 0.3090155121 −1.4823E−06

0.2 0.5877852523 0.5877842444 −1.0079E−06

0.3 0.8090169944 0.8090162367 −7.5769E−07

0.4 0.9510565163 0.9510560262 −4.9011E−07

0.5 1.0000000000 0.9999996083 −3.9173E−07

0.6 0.9510565163 0.9510562456 −2.7071E−07

0.7 0.8090169944 0.8090168780 −1.1642E−07

0.8 0.5877852523 0.5877851592 −9.3122E−08

0.9 0.3090169944 0.3090170070 1.2632E−08

1.0 0.0000000000 0.0000000003 2.9793E−10
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Fig. 1 The graph of comparison CTBIM solutions for Example 1
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Fig. 2 The graph of comparison Power solutions for Example 1
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Fig. 3 The graph of comparison RK solutions for Example 1
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Fig. 4 The graph of comparison CTBIM solutions for Example 2

-1
-0.9
-0.8
-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1

0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Fig. 5 The graph of comparison power solutions for Example 2
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Fig. 6 The graph of comparison RK solutions for Example 2
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Fig. 7 The graph of comparison CTBIM solutions for Example 3
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Fig. 8 The graph of comparison power solutions for Example 3
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Fig. 9 The graph of comparison RK solutions for Example 3

Table 10 The comparison
different methods for
problems that are considered

Example Method MaxNorm L2-Norm

1 CTBIM 6.8895E−04 1.5679E−03

Power 5.3962E−08 6.2576E−08

RK 1.4170E−10 2.7760E−10

2 CTBIM 5.7190E−04 1.2898E−03

Power 3.4918E−09 3.8952E−09

RK 1.1132E−10 1.6339E−10

3 CTBIM 3.0962E−03 6.9233E−03

Power 1.4823E−06 2.0656E−06

RK 1.4823E−06 2.0680E−06
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Issues and Challenges for Teaching
Successful Programming Courses
at National Secondary Schools
of Malaysia

Faridah Hani Mohamed Salleh, Deshinta Arrova Dewi,
and Nurul Azlin Liyana

Abstract Undoubtedly, the initiative of the Malaysia education ministry to intro-
duce coding in school curricula is a very good effort with lots of advantages. Able
to code will be an advantage and a necessity when the students join the workforce.
After not small amount of budget and time has been spent by the country for this
mission, there are several issues that need to be considered and worked on to ensure
coding lessons in schools achieves the target. This paper presents six issues and the
recommended solutions that do not require a change to the current educations system
as frequent changes in national education policy will burden teachers, parents and
students. The identified issues are from the perspective of language of communi-
cation, implementation and execution, digital divide, quality tools, assessments and
teaching and learning time. This works suggests to create a self-learning system built
specifically for the national secondary schools’ syllabus, short-term job exemption
for teachers and programming skill test to replace project as part of assessments to
increase the rate of teaching effectiveness of Computer Science subjects, especially
programming. This study will be of great important to educational planners, school
authorities, educational researchers and the governments.
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1 Introduction

The vision of our country lies in the hands of our youths. The primary role of young
people is to get a good education in order to become better citizens of tomorrow.
They need to learn skills to do the job that their country’s economy needs. With the
advent of IR 4.0, our country needs experts in Artificial Intelligence and IT-related
disciplines. Programming is one of the essential skills that one need to master in if
they want to be expert in IT-related disciplines. If we are able to produce high-skilled
students in programming, the country will be able to produce many system makers,
while reducing the dependency on outsiders. This research aims to identify the issues
and challenges in teaching and learning coding among secondary school students of
national schools in Malaysia. Any proposal to change the current setting of teaching
programming in national schools will be avoided as frequent change of education
systemmay not be preferred by both the government and citizens. As, such, this study
will be based on theMalaysiaEducationDevelopment Plan (MEDP).MEDPcontains
five system aspirations and six student characteristics that our country plan to achieve
over the next 13 years, from 2013 to 2025. It is a comprehensive manifestation of
government transformation for students from pre-school to university. Apart from
educational planners, school authorities and the governments, the findings of this
research will be useful to the researchers that plan to conduct research in teaching
and learning coding for school students.

2 Coding in National Schools

Programming is an essential language to know in digital age and being able to code
helps to understand so much more about all the technology. Coding fosters logical
thinking and problem-solving skill. Introducing coding into school curriculum is
not something new for Malaysia [1]. Programming has been introduced in Malaysia
schools since 2016, starting with year six primary school. There are several studies
that have been conducted previously related to programming teaching such as works
by Kanemune et al. [2], Tundjungsari [3], Sklirou [4] and Jawawi et al. [5].

2.1 Primary School (Year Six)

In a Malaysia public education system, year six of primary school is for the student
age 12 years old. In this stage, Information and Communication Technology (ICT)
is taught as a subject for preparation for high school. At this point, focus is given
to mastery of knowledge and skills that fit the student’s level of ability by intro-
ducing five modules; computer world, multimedia exploration, networking systems,
Internet, database and programming. Scratch is being taught as a practical skill.
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2.2 Secondary School (Upper and Lower Secondary)

In 2017, under the new Secondary School Standards-Based Curriculum (KSSM)
for lower secondary students, the ministry introduced two subjects called Basic
Computer Science and Design and Technology [1]. Students are given the option
to learn either one of the subjects. Design and Technology subject includes topics
such as product design, agriculture technology such as aquaponic, fashion and basic
carpentry. Normally, only schools with computer lab facilities and IT teachers will
offer Basic Science Computer subject. In Basic Computer Science, the students will
be exposed to coding in different programming languages such asScratch,HTMLand
Python in problem solving and projects. In the previous curriculum, when Informa-
tion andCommunicationTechnology subjectwas introduced, this subject emphasizes
on computing only. Lower secondary is for the students age 13–15. The curriculum of
the Basic Computer Science subject offered to the lower secondary students focuses
on providing the students with computational thinking.

Upper secondary is for the students age 16 and 17. The fourth-form and fifth-form
students can further study coding in subjects such as computer science, invention or
engineering and vocational related subjects as elective subjects. Figure 1 shows level

Primary School: 
Year Six 
Subject: Information 
and Communication 
Technology (ICT). 
33% of it covers cod-
ing and programming 
[1].

Topics: 
o Understanding 

programming 
o Using algorithm 

through pseudo-
code and 
flowchart 

o Coding and de-
bugging 

o Programming pro-
ject 

Refer [6] and [7] for 
the complete syllabus. 
Programming lan-
guage/tool used:
Scratch programming 

Secondary School
Student have the option to study coding in subject such as computer science, invention 
or engineering and vocational related subjects as relative subjects. 

Lower Secondary 
Subject: Basic Computer Science. 63% co-
vers coding and programming [1]. 
Form One  
Topics: 
o Basic computational thinking 
o Binary number system 
o Algorithm construction 
o Instruction codes 
Refer [8] and [9] for the complete syllabus. 
Programming language/ tool used: Scratch 
and HTML 
Form Two 

Topics:  
o Data representation 
o Algorithm 
o Instruction codes 
Refer [10] for the complete syllabus. 
Programming language/ tool used: Python 
and Scratch 
Form Three  
Topics: 
o Basic concept computational thinking 
o Data representation 
o Algorithm 
o Instruction codes 
Refer [11] for the complete syllabus. 
Programming language/ tool used: SQL, 
Python 

Upper Secondary 
Subject: Computer Science 
83% covers coding and program-
ming [1]. 
Form Four 
Topics: 
o Programming  
o Database 
o Human interaction with com-

puter 
Refer [12] and [13] for the complete 
syllabus. 
Programming language/technical 
concepts/ tool used: Systems de-
sign (ERD), SQL and database 
management, Microsoft Access 
Form Five 
o Computing 
o Advanced database  
o Web-based programming 
Refer [14] for the complete syllabus 
Programming language/technical 
concepts/ tool used: System design 
(ERD), Advanced SQL and data-
base management, PHP myAdmin, 
HTML, CSS, JavaScript, data struc-
ture, PHP 

Fig. 1 Coding in national schools
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and name of subject which coding is taught in Malaysia national schools. In Fig. 1
it can be seen that the second-form and third-form have continuity of learning by
starting Python at the beginning and ending it with the same language before sitting
for the PT3, which is one of the major examinations in Malaysia education system.
Fourth-form and fifth-form emphasize the database management system. It can be
seen that the emphasis onmastering programming has decreased upon the completion
of third-form because the focus of the syllabus has shifted to database management.

3 Issues and Challenges and the Suggested Possible
Solutions

There are 6 possible challenges of both teaching and learning programming in
Malaysia schools have been identified. The challenges Malaysia is facing may
be different from other countries in this world due to the culture differences and
economic situation.

3.1 Language of Communication

All the debates raging round for whether Mathematics and Science should be taught
in English or Malaysia Language (Bahasa Malaysia) is applied to the teaching of
Computer Science subject as well [6]. While Malaysia Language is believed to be
able to increase understanding of majority of the students and preserving heritage,
using English on the other hand will give more advantages such as global application
and wide access to external materials.

Currently, most of the national schools use Malaysia/Malay Language in school
for teaching Computer Science subject. While teaching the theories of Computer
Science in the students’ native language may not disclose any flaws, the students
will start to show the signs of unexciting when they are required to search for addi-
tional information pertaining to programming by themselves. The difference between
language used in schools and the language used later when to search for information
has caused some problems, because many of the external online resources that can
be used to help the students learn coding are in English. This issue becomes more
prominent due to the gap in English proficiency between urban and rural students.
Ibrahim et al. [7] and Maros et al. [8] reported that despite going through the same
curriculum, the level of English proficiency in rural schools is much lower than the
level in the urban schools. Referring to an example of a scenario related to the mother
tongue, a study conducted by Ibrahim et al. [7] proves that a large number of errors
identified in the English assignments used as the testing materials due to mother
tongue interference. The study by Ibrahim et al. [7] was conducted among young
Malay learners in Malaysian secondary schools.
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Although the language has been said as one of the possible reasons of teaching
Computer Science may not as efficient as what it should be, there is no published
research specifically conducted has been found so far to support this fact. Thus, a
survey needs to be conducted to identify whether the usage of English really cause a
problem or not. And if yes, at which particular aspects really bothering the teachers
and students? Does it relate to teaching resources, medium of communication, or
learning resources? This is important as if the language is not the main problem,
we can maintain the existing teaching methods so that efforts can be focused on
improving other aspects. With the emergence of social media platforms, with many
students have accessed to it, will the exposure to the “computer language” is enough
for the students to at least identity the learning resources by themselves? What is the
relation between ability to identify the right learning resources andEnglish language?
The answer is, the secondary school students sometimes become clueless on the
choice of keywords to be usedwhen to search for resources using search engine. They
are not sure or cannot even think of any suitable keywords to be used in searching.
When too many irrelevant information displayed after the arbitrary searching, they
will waste too much time in filtering for the right information that suits to their
needs. To conclude what has been discussed before, it is important for the country
to identify whether it is correct that language is a barrier to effective programming
learning, especially for those who are interested in self-study.

3.2 Implementation and Execution

The detail implementation of ICT teaching and learning in for primary schools is
described in [3] and in [9] for upper and secondary schools level. The desire of
the Ministry of Education Malaysia to produce competitive students to face the IR
4.0 era is indeed commendable. However, there are some issues that need to be
identified to ensure that the original planning of the country is in line with what has
been presented in the education plan. Ideally, if the teaching of Computer Science
involves a practical class, the ratio between teacher and students shall be around less
than 30 students per teacher. This ratio is suitable for university undergraduate level
program. However, for school level, the number of students per lab session shall be
less than 20 students. This recommendation is based on the authors’ experience of
conducting programming lab for more than 10 years. From a study conducted by
Olanrewaju and Oluyomi [10] to 150 students taking Physics in one of the secondary
schools in Nigeria, it is recommended that stakeholders should put more effort into
ensure that the class size is reduced to teacher-students ratio of 1:35. Any subject
that requires hands-on skills does require a small class size to give teachers the
opportunity to focus on students with different levels of learning mastery. Since
learning to program is difficult [11] due to its nature that involves correctness of
logic, syntax, and semantics; programming is a subject that is definitely included in
the subject group that requires a hands-on approach.
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Based on the guidelines from the Town and Country Planning Department of
Selangor, the ideal class size for primary school was 30 while the ideal class size for
secondary schools was 25 students per classroom [7]. This is in contrast to the current
situation, where based on the findings of 3 secondary schools in Gombak district of
Malaysia conducted by Ibrahim et al. [7] the class size is in the range between 29 and
38 students per class. However, this large class size may occur in schools located in
densely populated areas in major Malaysian cities such as Gombak.

For programming subjects, the problem of class size seems to be easier to over-
comeby arranging teaching schedules.Amore difficult issue here is the lack of skilled
teachers in the field of programming. Class size reduction is a popular but expensive
educational reform. However, it pays off in terms of academic achievement and is
easily controllable by local officials [12]. Although it is said to be easily controlled
by the government, the current state of the country’s economy can be a major factor
that will hinder the country’s educational planning, including in resolving the issue
of class size and lack of skilled teachers in programming. Something needs to be
done so that with the existingworkload, teachers still have time to prepare themselves
with the skills needed for Computer Science subjects.

Other related issues are about, how are the responsible authorities going to ensure
the standardization for the teaching of coding? If most developed countries use a
school-based assessment system [13], assessment that focuses more on academic
achievement through formal national examinations is still regard as the best prac-
tice so far for developing countries like Malaysia. While cultivating the knowledge
without putting a burden to the student with examination, apart from general exam-
inations such as PT3 and SPM, conducting one standard test to assess the level of
mastery of programming skills among secondary schools’ students has not yet been
made uniformly. A good programming assessment system is able to form students
who truly master the desired skills for the future, not just learn to pass the exam. To
the best of the author’s knowledge, no specific study has been conducted to evaluate
the effectiveness of public examinations on the formation of programming skills.

3.3 Digital Divide

The use of mobile technologies appears to be in line with the strategic goals in
education besides facilitating and promoting learning anywhere and anytime [14].
Despite the complete and advance mobile infrastructure in the developed world, the
digital divide still exists in developing countries [14]. As for Internet connection,
even though Malaysia (together with Singapore and Brunei) has been listed as one
of the three countries in South East Asia that have over 80% Internet penetration,
there are certain places inMalaysia have poor Internet service. For example, in Kuala
Lumpur, people are enjoying high-speed Internet up to 800 MBps. At the same time,
in Sarawak (East Malaysia), the Internet speed is much slower, with some areas in
the state without any access to Internet service [15]. Even when online access is
available, some challenges persist. As a developing region, in Southeast Asia, many
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students are from economically vulnerable families. Their access to computers is
limited to school-provided computer labs, and many do not have access to unlim-
ited Internet on their mobile devices [15]. The rural areas will have some issues in
implementing Computer Science education in their schools due to administrative
and facility barriers. To learn coding, the students are going to need not just the
teachers but also the facilities. The schools that will have the facilities will be those
from the wealthier and more developed regions. The urban areas will likely have
the facilities and support, leaving the urban areas further behind. Despite of all the
issues discussed before, digital divide is sometimes not seen as a problem because
Computer Science subjects are only offered by schools that have computer labs and
teachers trained in ICT. Or in other words, programming is just an optional skill or
value-added for students rather than a compulsory subject.

3.4 Quality Digital Content

In Malaysia, text books are used as the main teaching and learning resources.
Undeniably, the quality of text books produced after the implementation of KSSM
(Secondary School Standards-Based Curriculum) is very much improved with more
exciting components such as activity, case study, project, animation and short
information on innovation and daily applications of computer science. Apart from
the appealing print layouts and illustrations, the success stories and achievements
pertaining to computer science in Malaysia are also included as an element of moti-
vation to the students. Most of the text books mentioned the careers in computer
science. This is good indeed as even though Malaysia had been introduced to IT
since the emergence of Multimedia Super Corridor (MSC) in year 1996, the careers
in IT are still not widely known. Refer to [16–21] for all the electronic text books
of Computer-science related subjects starting from year six to fifth-form. All the
text books are published in Malaysia/Malay language. The contents of the books
are all well-crafted with full of meaningful information. In the government policy,
students are encouraged to learn at self-paced, do self-accessed and self-assessed
[22]. However, the quality digital tool for coding subjects, developed tailor to the
needs of national school students is yet to be created. Despite of the excellent quality
of the current text books adopted by national schools’ students, use of tools is really
needed. A quality digital tool is believed to contribute to high quality lessons since
they have potential to increase students’ motivation, connect students to many infor-
mation sources, support active in-class and out-class learning environments, and let
instructors to allocate more time for facilitation [23]. By still using the case study
conducted in Malaysia, there was a recommendation that wants application to be
developed to solely focus on education, in which the students will not be able to
access other things apart of the learning contents [14]. It can also be seen that the use
of reiterative independent method has high potential to be adopted in future applica-
tions. Reiterative independent method, is a method that instills in students the skills
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and mindset for learning new materials without being directly taught. This method
is similar to the established method named Kumon [24, 25].

3.5 Assessments

There are 2 main examinations for national secondary schools, namely Sijil Pela-
jaran Malaysia (SPM) and PT3. The SPM or the Malaysian Certificate of Education,
is a national examination taken by all fifth-form (17 years old students) secondary
school students inMalaysia. Another one is PT3, which is a summative assessment to
assess the academic achievement of students at the lower secondary level inMalaysia.
PT3 is taken by all third-form (15 years old students) secondary school students in
Malaysia. Table 1 shows the examinations conducted for computer science-related
subjects offered starting from year 2019. Programming courses were assessed in
these two major national examinations. As for school-level examination, there is
no specific format imposed to the examinations’ questions. The schools are free
to construct the questions that suit to their school’s students. The information of

Table 1 The examinations conducted for computer science-related subjects offered starting from
year 2019

Year of study Name of computer
science-related subject

Examinations Major examination
format

Standard six
12 years old

Information and
Communication
Technology (ICT)
Note: Design
Technology (optional if
not taking ICT)

School-level
examination

There is no major
examination is
conducted for this level
of study for ICT subject.
Only school-based exam
is conducted

Form 1–3
13–15 years old

Basic Computer Science
(BCS)
Note: Design
Technology (optional if
not taking BCS)

• School-level
examination

• PT3 (in year 2020,
PT3 examination was
cancelled due to
COVID-19 pandemic.
No major examination
announced as of date)

Year 2019 PT3
examination format:
• Written examination
70% (objectives and
subjective questions)

• Project 30%

Form 4–5
16–17 years old

Computer Science (only
available if the student
takes Applied-Science
package)

• School-level
examination

• SPM

SPM 2020 examination
format:
• Paper 1: written
examination 70% (50
marks from close
ended questions and
50 marks form open
ended questions)

• Paper 2: project 30%
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major examinations in Malaysia are as of stated in [26]. The percentage of assess-
ment for Basic Computer Science subject of PT3 examination is 70% allocated
for written examinations and 30% for individual project that was assigned for the
students to complete in about 6 months (from March to August). For the project, the
PT3 candidates are required to translate ideas by writing step-by-step solutions in
pseudocode and flow charts, which lastly translated into a program. The students are
also required to analyze and compare method of program development, test, detect,
and fix errors of program [27]. Example of project question for SPM candidates is
to develop business information management system [28]. Since there is a need for
students to master programming for the purpose of getting good grades for general
examinations, this is seen to indirectly motivate students to practice what they have
learned for the previous 2 years. Written examinations accompanied by projects are
seen as complete enough to assess students’ performance in mastering the subject.
However, the question here is, is the learning process that students go through to face
exams able to shape students towards mastering programming skills? Or, would it
be possible that students who obtained A- and above in the major examination, actu-
ally do not have practical skills? One more thing, after completing SPM, students in
Malaysia can choose whether to continue their studies by taking either a certificate,
diploma, matriculation or sixth-form. At this stage if students choose the science
stream, they will take subjects such as Mathematics, Physics, Biology, English and
Chemistry. Only students who take the Foundation in Computer Science continue to
study Computer Science related subjects such as basic programming, introduction to
algorithms and somemathematics related subjects. It can be seen here that if students
do not choose the basic course of Computer Science, there is a gap of one to two
years before they continue their studies at the level of Computer Science degree. This
results in what was previously learned cannot be practiced at the degree level.

It is recommended that assessments starting at the school level should lead to
strengthening algorithm building and mastering syntax. For SPM level, written
examinations for programming topics should be replaced with formatted questions
allowing students to use compilers to get answers. The use of compilers can actually
motivate students and make students so happy because they can see the results in
front of their eyes. Project-based assessment is actually quite difficult for students
under the age of 17, especially if they are still in the phase of exploring new fields.
Projects can make students and teachers feel burdened.

3.6 Teaching and Learning Time

Programming requires hands-on learning, at least 1–1.5 h aweek. Students are usually
able to improve their skills as they are gradually exposed to these new concepts grad-
ually. Students also need a self-learning system to strengthen learning comprehen-
sion. However, since students need to study some other subjects, the time allotted for
Computer-science subjects are very limited. The amount of time spent by the primary
and secondary students in Malaysia to learn Computer Science is as shown in Table
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Table 2 The average teaching duration of computer science-related subjects offered starting from
year 2019

Year of study Non-computer science subjects Computer science-related subject

List of subjects Average
teaching
duration

List of subjects Average
teaching
duration

Standard Six
12 years old

Malaysia Language,
English, Mathematic,
Islamic/Moral Study,
Arabic Language, Health
Study, Physical Education,
Music, History, Visual Art
Education

6 h Information and
Communication
Technology (ICT)
Note: Design
Technology (an
option if not take ICT)

30 min

Form 1–3
13–15 years old

Malaysia Language,
English, Mathematic,
Islamic/Moral Study,
Health Study, Physical
Education, Music/Visual
Art Education, History,
Geography

6.5 h Basic Computer
Science (BCS)
Note: Design
Technology (an option
if not take BCS)

1 h

Form 4–5
16–17 years old

Core subjects
Malaysia Language,
English, Mathematic,
Islamic/Moral Study,
History
Compulsory subject
Physical Education
Elective subject
Pure
Science/Language/Islamic
Study/Humanity/Applied
Science-related subjects

6.5 h Science Computer
(only available if the
student takes
Applied-Science
package)

1 h
30 min

2. Despite of the limited time, we can see that the duration of teaching Computer
Science increases as the level of study goes higher. Since finding solutions to the
problem of limited learning time is quite difficult as it involves major issues such as
logistics and financial allocation, the provision of a self-learning system needs to be
provided. An in-house learning tool developed tailor to the specific needs of national
schools’ students and teachers is needed. Another issue that is worth to be discussed
is pertaining to the interesting elements incorporated into the current text books.
Direct link to the web site for additional information via the scanned QR codes and
interesting project for the students to try, are some of the examples appealing current
text book features of Malaysia schools. Undoubtedly, all these latest elements are
very interesting and innovations like this are indeed to be commended. However, due
to the time constraints, the students do not have much time to utilize all these new
interesting features. Teachers have to work hard to finish the syllabus and students
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struggle to also focus on other subjects. Again, a self-learning system needs to exist
and it needs to continue to focus on practical skills.

4 Analysis

All issues presented in this paper are based on a study of the national education policy
development plan as well as learning materials that are accessible to the general
public. In the next study, we intend to obtain information directly from teachers,
students and policy makers to verify validity. Based on the issues identified earlier,
the main solution is short-term job exemption to give teachers the opportunity to
create a simple system to practice programming.

Programming is not suitable for learning in situations where it is still necessary
to perform other teaching tasks. In terms of academic assessment, all the solutions
proposed in this paper are on the assumption thatwe stillmaintain the current syllabus
which still requires students to learn about other theories, not programming alone.
It is suggested that academic assessment should be based on a small percentage
(30%) allocated to assess theory or knowledge in topics such data representation
and algorithm reconstruction, and another 70% is for programming. Programming
questions should not be in written format, instead allowing students to use a compiler
to get answers. Examinations that take into account the project should be avoided
because with the shortage of study time, it is feared that the project will be done not
in a situation where students are interested in learning something but only to pass
the exam. For long-term strategy, we should assess the sequence of the programming
languages taught to the students. There are several issues that shall be considered
which are presented in a form of the following questions; (1) is it necessary for the
students to be exposed to several languages throughout their years of study? (2); did
we consider the continuation of study? For example: After the student had completed
learning Python in second-form and third-form, how does that knowledge is bringing
forward to fourth-form and fifth-form?

5 Conclusions

The Malaysian Education System is undergoing a revolution where every year we
can see there are so many improvements that have been made. Among the brilliant
ideas that are being implemented is to introduce the subject of Computer Science to
primary and secondary school students inMalaysia. Malaysia has invested heavily to
develop coding skills among the students, with several plans have been formulated
prudently in order to ensure the success of the mission. In pursuits of a mission,
several issues and challenges have been identified with some possible solutions are
presented. The identified issues are from the perspective of language of communi-
cation, implementation and execution, digital divide, quality tools, assessments and
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teaching and learning time. Most of the recommended solutions to the identified
issues do not require significant modifications to the existing education setting used
by national schools in Malaysia. This works suggests creating a self-learning system
built specifically for the national secondary schools’ syllabus, short-term job exemp-
tion for teachers and programming skill test to replace project as part of assessments
to increase the rate of teaching effectiveness ofComputer Science subjects, especially
programming.
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The Similarity Finite Difference Solutions
for Two-Dimensional Parabolic Partial
Differential Equations via SOR Iteration

N. A. M. Ali, J. Sulaiman, A. Saudi, and N. S. Mohamad

Abstract This paper purposely attempts to solve two-dimensional (2D) parabolic
partial differential equations (PDEs) using iterative numerical technique. Also, we
determine the capability of proposed iterative technique known as Successive Over-
Relaxation (SOR) iteration compared to Gauss–Seidel (GS) iteration for solving the
2D parabolic PDEs problem. Firstly, we transform the 2D parabolic PDEs into 2D
elliptic PDEs then discretize it using the similarity finite difference (SFD) scheme
in order to construct a SFD approximation equation. Then, the SFD approxima-
tion equation yields a large-scale and sparse linear system. Next, the linear system
is solved by using the proposed iterative numerical technique as described before.
Furthermore, the formulation and implementation of SOR iteration are also included.
In addition to that, three numerical experiments were carried out to verify the perfor-
mance of the SOR iteration. Finally, the findings show that the SOR iteration performs
better than the GS iteration with less iteration number and computational time.

Keywords SOR iteration · Similarity finite difference scheme · Two-dimensional
parabolic partial differential equations

1 Introduction

Similarity solution is a famous technique in transform partial differential equations
(PDEs) to ordinary differential equations (ODEs) which has been applied by many
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researchers to solve different problems, see [1–6]. However, different approach
compared to other researchers, in this paper, we use the similarity transformation
via wave variables to transform 2D parabolic PDEs into 2D elliptic PDEs. This is
because we want to remain the characteristic of its solution domain without time.

Based on the previous study, there are many researchers have solved their gener-
ated linear system by using the most known and widely used iterative technique
namely Successive Over-Relaxation (SOR) iteration [7–12] in which was proposed
by Young [13]. Nevertheless, there is no study that has been conducted in literature
for solving 2D parabolic PDEs using SOR iteration via the similarity finite differ-
ence (SFD) scheme. Therefore, with the superiority of the SOR iteration in term of
its computational cost and similarity solutions, we make an effort to determine the
capability of SOR iteration in order to solve the 2D parabolic PDEs as compared to
Gauss–Seidel (GS) iteration.

The capability of SOR iteration is determined by imposing the 2D parabolic PDEs
stated as

∂u

∂t
+ β1

∂u

∂x
+ β2

∂u

∂y
= α1

∂2u

∂2x
+ α2

∂2u

∂2y
+ R(x, y, t), (1)

subject to the initial condition

u(x, y, a) = f (x, y),

and boundary condition

u(a, y, t) = g1(y, t), u(b, y, t) = g2(y, t),

u(x, a, t) = h1(x, t), u(x, b, t) = h2(x, t),

with the solution domain, D = [a, b]× [a, b]× [a, T ].
As mentioned in previous studies [14, 15], all researchers have transformed 2D

problems into one-dimensional (1D) two boundary value problems via the wave
variables transforms as follows

ξ = x − φ0t, ξ = y − φ1t (2)

where φ0 and φ1 are constants. In order to remain the characteristic of the solu-
tion domain of problem (1) without time, we initiate the following wave variables
transformations

ξ = x − ct, τ = y − dt (3)
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where c and d are constants. The problem (1) is reduced to 2D elliptic PDEs by
applying (3) into (1) becomes

α1
d2u

dξ 2
+ α2

d2u

dτ 2
+

( c
2
− β1

)du
dξ

+
(
d

2
− β2

)
du

dτ
= −R(ξ, τ ) (4)

The rest of this paper is structured as follows. In Sect. 2, we discussed the deriva-
tion of SFD approximation equations based on SFD schemes. The approach of
proposed iterative technique will be explained in Sect. 3. Next, some numerical
results were presented in Sect. 4 to show the capability of the proposed method. We
conclude the results in final section.

2 Derivation of Similarity Finite Difference Approximation
Equation

Before discretizing the problem (4), we need to built the finite grid network in which
this network is an important part to guide us in development and implementation of
proposed iterative numerical technique. Thus, we show the finite grid network at n
= 7 as depicted in Fig. 1.

According to Fig. 1, we need to discretize uniformly the solution domain, (ξ, τ )

in both ξ and τ directions with a mesh size, h which is defined as

h = τ − ξ

m
,m = n + 1 (5)

Fig. 1 Finite grid networks
at n = 7

2 

1 

7 

6 

0 

3 

4 

5 

8 

1      2     3    4     5     6    7     8



518 N. A. M. Ali et al.

Having the finite grid network in Fig. 1, we discretize the 2D elliptic PDEs (4) by
using the SFD scheme as follows:

du
dξ

∣∣∣
i j
= Ui+1, j−Ui−1, j

2h ,

d2u
dξ 2

∣∣∣
i j
= Ui+1, j−2Ui, j+Ui−1, j

h2 ,

du
dτ

∣∣
i j
= Ui, j+1−Ui, j−1

2h ,

d2u
dτ 2

∣∣∣
i j
= Ui, j+1−2Ui, j+Ui, j−1

h2 .

⎫
⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎭

(6)

Then, we substitute (6) into (4) and multiply by h2 yields

α1
(
Ui+1, j − 2Ui, j +Ui−1, j

) + α2
(
Ui, j+1 − 2Ui, j +Ui, j−1

)

+(
Ui+1, j −Ui−1, j

) + γ1
(
Ui, j+1 −Ui, j−1

) = −h2Ri, j (7)

where

γ0 = h

(
c − 2β1

4

)
,

γ1 = h

(
d − 2β2

4

)
.

To reduce the computational complexity, the SFD approximation Eq. (7) is
simplified to

AUi−1, j + BUi+1, j + CUi, j−1 + DUi, j+1 + EUi, j = −h2Ri, j (8)

where

A = α1 − γ0,

B = α1 + γ0,

C = α2 − γ1,

D = α2 + γ1,

E = −2α1 − 2α2.
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Fig. 2 Computational
molecules of the similarity
approximation equation

− 1

+ 1

Actually, the approximation Eq. (8) can be diagrammatically represented by its
computational molecules given in Fig. 2.

Also, the SFD approximation Eq. (8) can be used to construct a similarity linear
system and may be written in matrix form as

FU = R (9)

where

F =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

G2 G3 0 0 · · · 0
G1 G2 G3 0 · · · 0
0 G1 G2 G3 · · · 0
...

...
...

...
. . .

...

0 0 0 G1 G2 G3

0 0 0 0 G1 G2

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦

,U =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

U 1

U 2

U 3

U 4
...

Un

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦

, R =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

R1

R2

R3

R4
...

Rn

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦

and

G1 =

⎡
⎢⎢⎢⎢⎢⎣

C 0 0 · · · 0
0 C 0 · · · 0
0 0 C · · · 0
...

...
...

. . .
...

0 0 0 0 C

⎤
⎥⎥⎥⎥⎥⎦

,G2 =

⎡
⎢⎢⎢⎢⎢⎣

E B 0 · · · 0
A E B · · · 0
0 A E · · · 0
...

...
...

. . .
...

0 0 0 A E

⎤
⎥⎥⎥⎥⎥⎦

,G3 =

⎡
⎢⎢⎢⎢⎢⎣

D 0 0 · · · 0
0 D 0 · · · 0
0 0 D · · · 0
...

...
...

. . .
...

0 0 0 0 D

⎤
⎥⎥⎥⎥⎥⎦

,

Ui =
[
U1,i U2,i U3,i U4,i · · · Un,i

]T
,

Ri =
[−h2R1,i −h2R2,i −h2R3,i −h2R4,i · · · −h2Rn,i

]T
,

with i = 1, 2, 3, . . . ,m − 1.
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3 SOR Iteration Approach

In an effort to formulate the SOR iteration and solve the linear system (9), let the
coefficient of matrix F in Eq. (9) be decomposed as summation of three matrices as

F = D − L − V (10)

whereD, L and V are diagonal, lower triangular and upper triangular matrices. From
the decomposition (10), the SOR iteration can be stated generally as follows: see,
[13, 16, 17]

U (k+1) = (D − ωL)−1
[
(ωV − (1− ωL)D)U (k)

] + (D − ωL)−1R (11)

where ω indicates a relaxation factor. Thus, the implementation of the SOR iteration
would be described in Algorithm 1.

4 Numerical Experiments

In this section, we make a comparative analysis between the SOR and GS iterations
to determine the capability of SOR iteration by exemplifying three selected problems
of 2D parabolic PDEs. In comparison for these iterative methods, three measurement
parameters are considered such as iteration number (k), computational time in second
(t) and maximum absolute error (Err). Also, five different mesh sizes (m) which are
64, 128, 256, 512 and 1024 are considered in these numerical experiments. Among
the three 2D parabolic PDEs problems are as follows:

Problem 1: See in [18]

∂u

∂t
+ β1

∂u

∂x
+ β2

∂u

∂y
= α1

∂2u

∂x2
+ α1

∂2u

∂y2
, (12)

exact solution
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u(x, y, t) = 1

4t + 1
exp

(
− (x − 0.8t − 0.5)2

0.01(4t + 1)
− (y − 0.8t − 0.5)2

0.01(4t + 1)

)
(13)

Problem 2: See in [19]

∂u

∂t
= ∂2u

∂x2
+ ∂2u

∂y2
+ sin x sin ye−t − 4, (14)

exact solution.

u(x, y, t) = sin x sin ye−t + x2 + y2. (15)

Problem 3: See in [20]

∂U

∂t
= ∂2u

∂x2
+ ∂2u

∂y2
, (16)

exact solution.

u(x, y, t) = e−5π2t sin(2πx) sin(πy). (17)

A thorough comparison of the numerical results is presented clearly in Tables 1,
2 and 3, as well as in Figs. 3, 4, 5, 6, 7 and 8 in order to determine the capability of
SOR iteration compared to GS iteration. In addition, we also present in Table 4 about
the percentage of reductions for SOR iteration compared to GS iteration in terms of
iteration number and computational time over proposed problems.

Based on the all numerical results tabulated in Tables 1, 2 and 3, it can be pointed
out that the SOR iteration requires less iteration number compared to GS iteration
which can be depicted in Figs. 3, 4 and 5. Also, we can see that SOR iteration needs

Table 1 Numerical results of Problem 1

m Method k t Err

64 GS 91 0.07 4.540422E−04

SOR 12 0.00 4.540422E−04

128 GS 494 0.39 4.543391E−04

SOR 25 0.04 4.543391E−04

256 GS 2152 5.61 4.544134E−04

SOR 50 0.16 4.544134E−04

512 GS 8742 91.23 4.544325E−04

SOR 98 1.12 4.544325E−04

1024 GS 34,380 1434.90 4.544364E−04

SOR 198 9.99 4.544373E−04
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Table 2 Numerical result of Problem 2

m Method k t Err

64 GS 7104 1.67 5.884082E−03

SOR 266 0.10 5.884048E−03

128 GS 26,089 15.78 5.885178E−03

SOR 525 0.41 5.885038E−03

256 GS 95,090 209.01 5.886575E−03

SOR 1036 2.57 5.886017E−03

512 GS 343,412 3023.04 5.888316E−03

SOR 2060 20.13 5.886079E−03

1024 GS 1,226,108 43,176.41 5.895053E−03

SOR 4108 163.14 5.886095E−03

Table 3 Numerical result of Problem 3

m Method k t Err

64 GS 2067 0.60 7.171921E−03

SOR 138 0.05 7.171949E−03

128 GS 5930 3.62 7.171831E−03

SOR 267 0.21 7.171948E−03

256 GS 14,541 32.92 7.171463E−03

SOR 524 1.35 7.171947E−03

512 GS 27,980 249.82 7.170091E−03

SOR 1035 11.18 7.171947E−03

1024 GS 38,776 1429.23 7.166526E−03

SOR 2054 80.34 7.171940E−03
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Fig. 3 Comparison of iteration number for SOR and GS iteration over Problem 1
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Fig. 5 Comparison of iteration number for SOR and GS iteration over Problem 3
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Fig. 6 Comparison of computational time for SOR and GS iteration over Problem 1

a shorter computational time compared to GS iteration in Tables 1, 2 and 3 and
Figs. 6, 7 and 8. Moreover, Table 4 shows the percentage of decrement in terms of
iteration number have declined approximately by 86.81–99.42%, 96.26–99.67% and
93.32–96.40% respectively correspond to SOR iteration compared to GS iteration.
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Fig. 8 Comparison of computational time for SOR and GS iteration over Problem 3

Table 4 Decrement
percentage of iteration
number and computational
time for SOR iteration
compared to GS iteration over
proposed problems

Problem Iteration number (%) Computational time (%)

1 86.81–99.42 89.74–99.00

2 96.26–99.67 94.01–99.62

3 93.32–96.40 91.67–95.90

Meanwhile, the implementations of SOR iteration are much faster than GS iteration
about 89.74–99.99%, 94.01–99.62% and 91.67–95.90% respectively.

5 Conclusions

In this paper, we have proposed SOR iteration to solve similarity linear system arising
from the discretization of 2D elliptic PDEs problems using similarity finite difference
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scheme. Obviously, it can be concluded that the numerical solution obtained by the
SOR iteration is superior than GS iteration with smaller iteration number and shorter
computational time. For future works, we extended our study by using half-sweep
iteration concept [21–23] to solve 2D parabolic PDEs problems.
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JKalvi: An E-Learning Game Approach
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Abstract This paper discusses the implementation of “JKalvi”, an E-Learning
approach used to replace traditional teaching and learning methods through the use
of E-Games. Although the use of educational technology in education is leveraging,
there are still gaps in the use and implementation of such approaches being utilized
for teaching and learning especially in high school education. In this study, users,
both educators and students can utilize the resources in the application in increasing
the interactivity of learning through the use of online materials and games all in a
simple android platform. Given the increased use of android based mobile phones
among high school students today, users can monitor signs of progress and perfor-
mance through a digitized system replacing traditional paper-based methods all from
a click away through their mobile phone. This is persistent with the examination of
students’ perceptions in the pursuit of new learning methodology through the use
of this application conducted through via surveys. A total of 30 preliminary surveys
were recorded and analyzed using descriptive statistics. The findings indicate that
90% of the students agreed that the application was interactive, added value to their
learning process and found no issues in the use of the application.
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1 Introduction

The integration of the E-Learning platform as an educational technology goes back
to its first discovery in 1924 [9, 13]. Numerous research had revolved in the area of
increasing the effectiveness of E-Learning application in promoting steep learning
curve especially among high school students [11]. In the recent years, the pursuit of
integrating technology into the education system has become increasingly popular
due to the vast advancement of technology [2]. This has led to the birth of the
term “Educational Technology” especially in the area of elementary, secondary and
university students [1, 14].

The future of education is educational technology. This enables learning to be
seamlessly accessible from anywhere and anytime through the online platform [5].
This increases the efficiency inmanaging content by the educator and student without
just the face-to-face mode of learning. The progression of the implementation of
education technology then allows for queries and analytics where data has been
digitized. With proper algorithms and analytics, educators and students can assess
their progress and the competency of student performance instead of a traditional
paper-based method. This helps to save time and cost consumptions in leveraging
the use of technology in education.

1.1 Types of Educational Technology

Through the years of research and development in education technology, various
types of educational technology are in place [10]. Such examples are: flipped class-
room learning, electronic whiteboards, desktops and laptops, video conferencing
classroom technologies such as Skype, Google Hangouts and even Microsoft Teams
[15]. Mobile learning and televisions educational learning has also impacted the way
education is catered. This enables the monitoring of student progress and achieve-
ment through a central point. This gives the educator more control on how to manage
the teaching and learning of knowledge in the classroom. This also promotes the
facilitation of distant learning for students and educators who have issues in access
to resources in rural areas [12]. This allows virtual travel for both educators and
students in teaching and learning includingmodules such as space knowledgewithout
physically travelling to space [6].

1.2 Game-Based E-Learning

Game-based E-Learning has various fields to assist students in learning. For example,
with the current implementation of education, many students find it difficult to adapt



JKalvi: An E-Learning Game Approach 529

to the learning process. Many students find it more intriguing in learning with Game-
based E-Learning rather than the traditional approach [9]. Themain idea of this paper
is to deploy an E-Learning system rapidly with less effort and more compromising
quality of the learning practice. The game-based application is a strategy that is
developed to enhance learner’s motivation in gaining new knowledge. For example,
with colourful image and effects and diversified teaching materials, this can be used
to enhance the student’s learning motivation and further improvise the effectiveness
of learning.

2 Proposed Application

The proposed application was designed to replace traditional based learning in culti-
vating the leveraged use of technology in promoting efficient education. The sections
below describe the differences between the approach used in this study and the
traditional learning approach.

2.1 Traditional Learning Versus E-Learning

Traditional learning is an ancient method of learning that is conducted by a teacher
gathering students in places such as classes, labs or seminars to study and learn
about different subjects. This method of learning has been practiced around the
world in all levels such as kindergartens, primary, secondary, high schools, colleges
and universities. The students will be able to ask questions directly to the teacher and
exchange information immediately. The traditional approach is more suitable for the
younger children and students for primary as they are not very tech-savvy yet [7].

E-Learning and the traditional approach vary a lot; E-Learning is a virtual class
that can happen anywhere with the need for a smartphone, laptop and a connection.
The application created is basically to help students from urban areas that have
transport and difficulty in moving to the city area. E-Learning is not only based on a
software application, but it has the possibility of having an online interactive class,
and video conferencing class.

Based on the proposed application that was built, the game was intended to assess
knowledge from mathematical theories. Each game will start with a section of regis-
tration of the student’s info. There are two sections of the application: The first section
is the E-Notes where by students can access the structure in learning mathematics.
The second part consists of the part where students will then choose the option to
move on to the game part; where the application provides the students with questions
such as MCQ, true and false, and structured questions.

The process was developed from as early as the ’90s. The whole idea was to ease
the burden of the traditional approachwhere it is costly to come out to gain knowledge
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(a) Main Page (b) Registration Page

Fig. 1 The above images illustrate the a main page of the E-Learning application prototype called
“JKalvi App”. The application allows users to select whether there are interested in going through
the E-Learning Notes or E-Games related to the subject area. Image in b illustrates the registration
page where users can register themselves into the systems to retrieve relatable content based on
their age and education level

[4]. Along with previous development in E-Learning platforms, an interactive game-
based challenge was used in this research study in educating and assessing the skills
in mathematics.

3 Design and Implementation

This section describes the design and implementation of the JKalvi E-Learning
Game-Based application in this study. This section first explains the design of each
page in the application. The main page is illustrated in Fig. 1.

4 Methodology Used

The software development methodology used in developing the JKalvi Application
is the waterfall model [3]. The main reason the waterfall model is used is to ensure
that each component is completed before moving to other sections of the application.
The waterfall method is also one of the easiest methods to implement in building
the android application [8]. The steps that were involved and integrated into the
development of this application include (I) Requirement and analysis, (II) System
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Table 1 The use of the waterfall model in the development of the E-Learning Game-Based
application

Requirement and analysis This phase explains the objectives and why do students and why do
students slack in the use of E-Learning application. We collect the
data from users that are to be implemented later on

System design The system is built by making sure that the interface is user friendly
and will be easy to be used and accessible by students

System implementation After the verification and sufficient collection of information on
how the system would be, the system is then coded to be
implemented

System testing The system is tested by the team to check for errors and bugs. The
survey given to students is also part of the system testing

Deployment of the system The software is ready to be used once the testing phase is done

System maintenance This is where the regular updating, verification and debugging on
the system in making sure the application runs smoothly

Design, (III) System Implementation, (IV) System Testing, (V) Deployment of the
system and (VI) System maintenance.

The steps undertaken in the waterfall model in this study is further described in
Table 1:

The flow of the application is illustrated in the following flowchart under Fig. 2.
Subsequently, a survey was administered after the development of the application

to elicit the feedback from participants, who were high school students. The survey
consists of 4 questions in which each participant had to provide their feedback in the
perception of the use of the application. The following questions were asked during
the survey, with feedback presented in the next section:

1. How do you find the overall system?
2. How do you find the functionality of the system?
3. What are the challenges you faced while using the application?
4. Would you recommend the use of this app to your peers?

5 Results and Analysis

A total of 30 surveys were collected during the data collection process. The students
were briefed on the use of the application before downloading the app to their android
based mobile phone. The demographic details of the participant are shown in Table
2.

The participants had downloaded the application using the following spectrum of
mobile phones, Samsung Galaxy Note 5 and OPPO F11 Pro both which operates on
Android OS. Approximately 90% (f = 27) of the total participants have indicated
the use of the application to be good, and user friendly. In terms of functionality of
the system, approximately 70% of the participants reported not having any issues,
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Fig. 2 JKalvi application flow chart

Table 2 Demographic
details of participants

Demographics Count (%)

Gender Female 12 (40%)

Male 18 (60%)

Age group 14 years 19 (63%)

15 years 11 (37%)

Time taken to complete testing <15 min 26 (85%)

>15 min 4 (15%)



JKalvi: An E-Learning Game Approach 533

while the remaining suggested havingmore functionality or subjects to be integrated.
However, since this an only a prototype implementation, further functionalities will
be included under future works. On the other, as for the challenges and recommen-
dation, all participants have indicated no challenges faced throughout the application
and would recommend the use of this app to their peers once more functionality has
been integrated.

The research and analysis done were based on the application that is in the Google
play store. The applications that were taken into comparison with JKalvi are (i)
Delegate E-Learning, (ii) IILT’s E-Learning platform, and (iii) MCIS Life eLearning
applications. All the three application is implemented with such functionality that
users have to register their credentials to use the application. Delegate E-Learning
requires users to learn the functions of the QR Code scanner to use the application.
These applications also require the user to purchase the application to use all the
functionality of the application. JKalvi is a more user-friendly application as the
interface is simple for users to use. To use the application, users are just required to
key in their details such as Name, Age and email address. The main purpose to key
in these details is for the users to obtain their score in the game based part. Users
will automatically receive the marks through email. JKalvi navigation page is very
direct and easy to access as the user can use all the functionality of the application
upon putting in their details. The application does not require users to register.

Delegate application requires users to register an account to use the application,
the application also uses the functionality of QR code scanner that requires the user
to understand the concept of QR Code reader and how it operates. IILT’s E-Learning
platform requires the user to register their credentials before using the application.
CIS Life eLearning application requires the user to register and login using their
credentials.

JKalvi game-based application can be used by (i) students, and (ii) educators.
Students will be able to obtain E-Notes from the application and use as references.
Students will also be able to test their skills upon going through the E-Notes to see
how effective the E-Notes are by solving questions in the E-Games that are related
to the E-Notes in the application.

JKalvi provide educators with the flexibility of uploading E-Notes. They will also
be able to keep track and monitor the progress of their student in JKalvi. Educators
will have the options to test their students’ skills or progress by uploading quizzes
and tasks in the E-Game section of the application.

6 Discussion and Future Work

This research paper explored the development of the Jkalvi App, an E-Learning
game-based application aiming at high school students in promoting knowledge and
learning related to one of their modules learn in school—Mathematics. The appli-
cation was developed to be used on an android platform for students to seek under-
standing of subject matters through the use of E-Notes and gaming. A survey was
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administered right after the testing of the application with a total of 30 participants
who participated in the application testing. Overall, the participants were satisfied
with the JKalvi app and would look forward to using and recommending the appli-
cation to their peers once more functionalities have been added. As the application
in this study was designed to be used as a prototype, the only mathematic module
was included.

The future work of this research study takes into consideration the recommenda-
tions given by the participants. Firstly, added features including several interactive
games concerning other areas among the high school syllabus will be included.
Furthermore, the design of the application would be further improved to increase the
interactivity and aesthetics of the applications since the users of the system revolve
around high school students. Lastly, the future focus would centre on developing the
application which would be able to run across different platforms such as desktop
versions and mobile version taking into the consideration of Macintosh operating
systems as well.
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Smart Stingless Beehive Monitoring
System

C. Edmund and Munirah Ab. Rahman

Abstract The bee honey industry is a very lucrative industry and in just 2015,
Malaysia imported RM58 millions ringgit worth of honey products. Although stin-
gless bee keeping seemingly simple, there are a few problems that could affect the
failure of success. Stingless bee industry in Malaysia are facing major challenges
especially in the respect of the queen, quality inconsistency, low honey production
and high price. This is because most of the stingless beehive farm in Malaysia do
not have a proper system to monitor and control the environmental parameter of
beehive. Moreover, because of the medicinal value of the stingless beehive, there are
also a few cases of stolen beehive in Malaysia. Therefore, to prevent these issues, a
project named Smart Stingless BeehiveMonitoring System (SSBMS) is being devel-
oped to monitor and control the environmental parameter of beehive automatically.
Sensors are installed at stingless beehive to monitor and control the environmental
parameter of stingless beehive such as temperature, humidity, water level as well as
the geographical location of beehive through Internet of Things (IoT) platform. The
feedback system such as DC fanmotor and diaphragm pump have been implemented
to ensure the temperature of stingless beehive and water supply for stingless bee can
be maintained below 30 °C and in an adequate level respectively. In conclusion,
SSBMS is able to help reducing manpower in monitoring the environmental param-
eter of stingless beehive, gives feedback to maintain the internal beehive temperature
and water supply level automatically or based on beekeepers’ desires and tracks the
geographical location of the stingless beehive through Global Positioning System
(GPS).

Keywords Smart stingless beehive monitoring system (SSBMS) · Internet of
things (IoT) · Global positioning system (GPS)
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1 Introduction

Stingless bees typically can be found in tropical and subtropical region of the world
especially in the tropical dry and humid forest [1]. All stingless bees are from the
tribe of Meliponini, which has many types of genera, such as Melipona, Trigona,
and Heterotrigona. Honey produced by these bee species possesses distinct aroma
and taste, slower crystallization process and a more fluidic texture [2].

There are lots of types for stingless bee species, but only 9 species are suitable for
bee keeping in Malaysia. There are only 2 species are mostly used for bee keeping
for the sake of commercial purpose which is Heterotrigona Itama and Geniotrigona
Thoracica since they are very active in the production of honey and propolis. Because
of stingless bee honey’smedicinal value, stingless bees keeping has been very popular
in the tropical and subtropical region of the world.

The same thing happened to Malaysia as it is also keeping stingless bee has only
been very popular only in the last decade. The bee honey industry is a very lucrative
industry and in just 2015, Malaysia imported RM58 millions ringgit worth of honey
products [3]. Beehives are important to be kept in good condition for the working of
the bees. Stingless bees prefer to live in an environment that is safe and suitable for
survival of the stingless bees. They are however influenced by physical environmental
factors that affect their micro-climate. For example, there is an optimum temperature
range and relative humidity that various species prefer [4].

The environmental parameter of stingless beehives in Malaysia are mostly being
monitored manually. A proper monitoring system for the stingless bee is needed to
ensure a conducive environment for the stingless bee habitat. Moreover, stingless
bee industry in Malaysia are facing major challenges especially in the respect of the
queen, quality inconsistency, low honey production and high price [5]. There are a
few cases of stolen stingless beehive in Malaysia. This is due to the high commercial
value of stingless bee honey which make it expensive [6].

Therefore, this main goal project is to design a proper integrated sensor system
which is SSBMS. To achieve this goal, here are the objectives. Firstly, it is needed to
design a stingless beehive monitoring system that can reduce manpower on detecting
water supply level, internal humidity, and internal temperature of stingless beehive.
Then, it is necessary to develop a feedback system in controlling the temperature
and water level of beehive. Moreover, it is needed to develop a GPS tracker on the
beehive to bemonitored by beekeepers about the geographical location of the beehive
by using IoT platform.

2 Methodology

In an era of Industrial Revolution 4.0 which means the explosive amount of changes
in automation and machine intelligence driven by the combination of software and
hardware. Some countries start to realize a concept of “Smart Agriculture” for better
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Fig. 1 System architecture of SSBMS

in efficiency for the control management of agriculture with the growth of telecom-
munication of 5G network and the application of Internet of Things (IoT) in different
field such as apiculture field. Therefore, a more efficient and automatic apiculture
system starts to appear left and right in the world recently. Figure 1 shows the system
architecture of SSBMS.

Based on the Fig. 1, the sensors which had been used is water level sensor and
GroveGPSModule. For Grove GPSModule, it will be used tomonitor the geograph-
ical location of stingless beehive by beekeepers so that they can keep in track of
location of Stingless Beehive even when stingless beehive being stolen or lost. Water
level sensor will be used to detect the water supply level of beehives to ensure the
water supply. Plus, DHT 22 sensor had been used to detect the internal environment’s
temperature and humidity of the stingless beehive.

SSBMS operates based on the flowchart in Fig. 2. The data will be collected
from the sensors and then send to groove pi board for processing. Then the data
will be sent to cloud though Up Squared Board. With the feedback system such as
DC fan motor and Diaphragm Pump being implemented, temperature of stingless
beehive and water supply for stingless bee can be maintained at below 29 °C and in
an adequate level respectively.

With the implementation of Firebase Realtime Database, the data generated by
the sensor can be sent 1 data for every 40 s to the platform as a database which
is a total of 2160 data per day. It uses the HTTP RESTful API to push and write
JSON data generated by the sensors of the system into Firebase Realtime Database.
Firebase Realtime Database have no limitation in term of storing the amount of data,
so the data can be stored for days, months or even years to be tracked by beekeepers
for the understanding of environmental parameter development of stingless beehive.
Moreover, the data which stored in Firebase Realtime Database will be collected



540 C. Edmund and M. Ab. Rahman

Fig. 2 Flowchart for
operation of SSBMS

by mobile application which created with MIT App Inventor 2 for the purpose of
analysis and visualization. Figure 3 shows the schematic diagram for SSBMS.

As for the prototype setup for SSBMS as shown in Fig. 4, the model is separated
into three parts which are stingless beehive, water reservoir and box for SSBMShard-
ware connection. At the side of stingless beehive, DHT22 sensor had been installed to
detect the temperature and humidity inside the box through the blue region. The feed-
back system which is DC fan motor for the mentioned parameters had been installed
below the stingless beehive. As for water reservoir, floating sensor had been installed
to detect the water level and supply water by diaphragm pump to ensure the water
level is always enough for stingless bee. The rest of the hardware connection of
SSBMS are being inserted into the box under water reservoir of SSBMS.

As for the software setup, the purpose for software setup is to collect the data from
the sensors and send it to the cloud storage which can be accessible to beekeepers
and applicable for researchers to make required improvement. All data of SSBMS
will be pushed to Google Firebase database in real time. The mobile application
gets the required information from the database and illustrates them in graph form.
The proposed SSBMS android mobile application has an interactive graphical user
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Fig. 3 Schematic circuit of SSBMS

Fig. 4 Prototype setup of SSBMS

interface (GUI) for user experience to analyze the value of temperature, humidity,
water supply level, and GPS coordinate. The data is shown in a graph form and
real time. The opening interface of the SSBMS mobile application have a couple of
splash pages. The splash pages happen for 5 s to inform user about the overview of
the logo and brand before going to the Live Data Chart. The screen name is Live Data
Chart as this screen is used to display the sensor data of Smart Stingless Beehive
Monitoring System in real time. Moreover, the real time sensor data can be displayed
in the form of line chart which can be updated in time of 40 s. The fan motor and the
water pump motor can also be monitored and controlled with virtual buttons in the
mobile application with a slight delay. Figure 5 shows the page of Live Data Chart.
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Fig. 5 Live data chart

After the next button in Live Data Chart had been pushed, it will load into Histor-
ical Chart Part 1. This screen is used to display the historical data of Smart Stingless
Beehive Monitoring System in the form of line chart. It has a spinner to enable the
user to select the mode which are “Minute” or “Hour” to be monitored in. It will keep
on update the historical graph data 40 s per time. With the existence of historical
graph chart, the user will be able to analyze the development of data which had been
extract from Firebase Realtime Database. In “Minute” mode, the time interval for
each data is 40 s while for “Hour” mode, the time interval for each data is 16 min.
Both of mode has 24 data points to be observed and monitored. Figure 6 shows the
Historical Chart Part 1.

As for next screen which is Historical Chart Part 2, this screen is also work the
same as Historical Chart Part 1 except for the spinner with modes of “Day” or
“Month” instead of “Minute or “Hour”. It will also keep on update the historical
graph data 40 s per time. In “Day” mode, the time interval for each data is one hour
and thirty minutes while for “Month” mode, the time interval for each data is 36 h.
“Day” mode has 24 data points while “Month” mode has 30 data points which is
meant to be observed and monitored. Figure 7 illustrates the Historical Chart Part 2.

The screen in Fig. 8 also works the same as Historical Chart Part 1 and Historical
Chart Part 2 except for the spinnerwhich consists ofmodes of “1×Year”, “2×Years”
or “10× Years” instead of “Day or “Month”. In “1× Year” and “2× Years” mode,
the time interval for each data is 1.5 month. As for “10× Years” mode, it the time
interval for each data is 1.5 year. “1× Year” mode has 12 data points; “2× Years”
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Fig. 6 Historical Chart Part
1

Fig. 7 Historical Chart Part
2
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Fig. 8 Historical Chart Part
3

mode has 24 data points and “10×Years” mode has 10 data points. Figure 8 displays
Historical Chart Part 3.

Finally, for the last screen of SSBMS mobile application, its name is SSBMS
GPS Tracker This screen is served as a Global Positioning System (GPS) tracker
to inform the user which is the beekeeper of Smart Stingless Beehive Monitoring
System about the geographical location of beehive. In this SSBMS GPS Tracker, it
can be separated into two part. The above part of SSBMS GPS Tracker is the GPS
coordinate and address of user’s mobile phone whereas the below part of Screen4
will show the GPS coordinate of beehive which installed Smart Stingless Beehive
Monitoring System. Screen of SSBMS GPS Tracker had been shown in Fig. 9.

3 Results and Discussion

The proposed system was being assembled and tested in a box which are used to
imitate the stingless beehive which located in GreenLane Heights, Jelutong, Penang.
The box had been implemented with SSBMS and the data were recorded from 18th
June 2020 at 7:19 pm to 22nd June 2020 at 12:23 pm. The time for data collection is
approximately 89 h and the data are being saved for every 40 s in Firebase Realtime
Database. Figure 10 illustrates the actual procedure of pushing the data into Firebase



Smart Stingless Beehive Monitoring System 545

Fig. 9 SSBMS GPS tracker

Fig. 10 The actual
procedure of SSBMS
pushing data into Firebase
Realtime Database at the site
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Realtime Database at site.
The number of data which had been extracted from Firebase Realtime Database

were a total of 7163 data points to produce output in the line chart form as illustrated
in Figs. 11 and 12. Both figures display SSBMS historical data chart regarding the
relationship between internal temperature or internal humidity against date and time
and the relationship between water or fan against date and time respectively. For the
water that is represent as the feedback system for water supply level, it had been
recorded as zero from the start of collection of data till the end of data collection.
This is because the water reservoir cover is being covered up and it prevent any
evaporation of water from it.

Since the time for data collection is just exactly 81 h 26 min and 19 s which starts
from 2:42 p.m. of 2nd of July 2020 to 12:08 a.m. of 6th of July 2020, the water supply
level had not low enough to be sensed by floating sensor to trigger the diaphragm
pump from pumping water. Plus, since the site which had been tested is a controlled
environment, no stingless bee had been involved so the water supply level will not
be affected.

As for the fan that is used to represent the DC Motor Fan, it had been activated
most of the time since the internal temperature for the box that is used to represent
Stingless Beehive had been exceed the pre-set threshold which is 30 °C. However,
the DC Fan Motor managed to be deactivated at a certain time. The examples of

Fig. 11 SSBMS historical data chart regarding the relationship between water or fan against date
and time
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Fig. 12 SSBMShistorical data chart about the relationshipbetweenhumidity or temperature against
date and time

time for fan being deactivated is a few of time periods which are 8:43 p.m. of 2nd
of July 2020 to 9:09 p.m. of 2nd of June 2020, 9:24 p.m. of 2nd of June 2020 to
1:07 a.m. of 3rd of June 2020, 7:28 a.m. of 3rd of June 2020 to 10:05 a.m. of 3rd
of June 2020, 8:22 p.m. of 3rd of June 2020 to 12:46 a.m. of 4th of June 2020 and
finally 11:16 p.m. of 5th of June 2020 to 12:08 a.m. of 6th of June 2020. All of
them had a common point which is 29.9 °C since the pre-set threshold temperature
to deactivate DC Fan Motor is below than 30.0 °C. The highest internal temperature
for the beehive is 32.5 °C at 5.45 p.m. of 5th of July 2020 while the lowest internal
beehive temperature is 28.5 °C at 10.46 p.m. of 2nd of July 2020.

When the internal humidity of the box had been recorded during this data collec-
tion period, Fig. 11 shows that the internal beehive humidity had been dropped
sharply for three times which are 49.6% of humidity, 54.9% of humidity and 60.4%
of humidity during 10:46p.m. of 2nd of July 2020, 8:56p.m. of 3rd of July 2020 and
12:08a.m. of 6th of July 2020 respectively. 49.6% of humidity during 10:46p.m. of
2nd of July 2020 is the lowest humidity during this period of data collection. The
highest humidity for this data collection period is 87.5% during 9:32a.m. of 3rd of
June 2020. When internal humidity of beehive drop, internal temperature will drop
as well. Since the site is performed at indoor environment, humid air hold heat more
efficiently compared to dry air [7]. Hence, when the internal humidity of beehive
drop, internal temperature for beehive will drop too as there is lesser humid in air to
hold the heat efficiently.

For the SSBMSGPS tracker, it had been tested during 8:29p.m. of 20th June 2020.
After the GPS location and address of user’s mobile phone as well as GPS coordinate
of stingless beehive had been shown in the mobile application, the yellow button had
been pressed and the location can be tracked in GoogleMap from the current location
of user’s mobile phone which is Wan Hoi Hotel, Love Lane, Georgetown, Penang
at that time and the destination of beehive which located at GreenLane Heights,
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Fig. 13 SSBMSGPS tracker fromWan Hoi Hotel, Love Lane, Georgetown, Penang to project site,
which is GreenLane Heights, Jelutong, Penang

Jelutong, Penang. Figure 13 had illustrated the tracking of project site from location
of user.

4 Conclusion

As a conclusion, this project had been successfully achieved the three objectives that
had been stated. In this paper, it had been presented an integrated sensor systemwhich
designed to acquire the selected environmental parameter of stingless beehive which
is the internal temperature and internal humidity. Besides that, it can also detect the
water supply level of stingless beehive to ensure the water supply for the stingless
beehive. Moreover, the system will also provide feedback to maintain the internal
beehive temperature and water supply level for the stingless bees. In addition, the
system also had GPS tracker installed so that the geographical location of stingless
beehive can be tracked at anytime and anywhere.

For future recommendation, it is needed to be tested practically on a real stingless
beehive based on yearly period so that the pattern and behaviour of stingless bee can
be deeply understoodwith the help of large scalable yet comprehensive data analysis.
Furthermore, the power source for the system should be not completely rely on main
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power source. This is because when theft case or blackout happen on the stingless
beehive which have the system installed, the system can still be operated by its own
without the need of power supply from main power source. Power meter is also
needed to be installed on the system to check the power that the alternative power
source can be provided to the system without the support of main power source.
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An Empirical Study to Improve
Multiclass Classification Using Hybrid
Ensemble Approach for Students’
Performance Prediction

Hasniza Hassan, Nor Bahiah Ahmad, and Roselina Sallehuddin

Abstract Improving machine learning algorithms has been the interest of data
scientists and researchers for the past few years. Among the performance prob-
lems raised is the classification imbalance issues listed as the top ten. The present
study makes comparison and analysis of 5 state-of-art classifiers, 5 ensembles clas-
sifiers and 10 resampling techniques for data imbalance. This is done via the used
4413 instances consisting of demographic, economic, and behavioural data from
student information systems and e-learning, aswell as engineering faculty for the first
semester 2017/2018. The use of three sampling types was adapted for the analysis:
oversampling, undersampling and hybrid. The experimental results prove to model
students’ behaviour from e-learning data and bagging decision tree ensemble classi-
fier produces the highest results. Lastly, a hybrid resampling technique, SMOTEENN
consistently shows the top result compared to other resampling techniques.

Keywords Multiclass classification · Sampling · Students performance
prediction ·Machine learning

1 Introduction

The increase in the amount of data in the education sector has led to the processing of
the data to discover knowledge, thus becomingmore significant.One of the issues that
are frequently given attention by the institutions is to improve student achievement,
where the academic information and data are considered to be the most significant
predictor in educational data mining.
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Conversely, there are several techniques highlighted in studies and frequently
used in various domains to overcome these problems, such as resampling, cost-
sensitive or ensembles learning. However, there is still lack of studies in literature
as the phenomenon is fresh in education domains, particularly to predict students’
performance. Despite many previous studies that have been carried out to balance
classes in education data, yet more studies have led to binary imbalance problems
compared to the multiclass imbalance.

Many studies have been done in the last few decades by researchers, and various
prediction models have also been adapted. Besides, some of the previous studies
have identified behavioural factors in the use of virtual learning and student demo-
graphic factors are among the criteria in the construction of high-performance student
performance prediction models [1–4].

In this regard, data preprocessing has been the necessary and crucial steps in data
mining and prediction as it ensures the raw data is ready before the next processing.
Features selection, noise filtering anddata balancing are essential steps in data prepro-
cessing to prepare the information for modelling. However, large amounts of educa-
tional data may cause the data to experience noise and other problems, such as class
imbalances. Nevertheless, the result is more biased to the majority classes when the
data trained using machine learning [5]. As such, may cause the model to tend to the
majority class.

Out of the ten problems is the classification imbalance which is the common
issue that always occur in data mining [6]. In this regard, researchers have devel-
oped various techniques to overcome the imbalanced problem. Nevertheless, most
tend to solve binary data imbalance problems than multiclass problems. Therefore,
more studies on multiclass imbalance problems need to be implemented to improve
performance prediction models [7].

2 Related Work

2.1 Ensemble Classifiers

The ensemble classifier is a consolidation of more than one classifier to produce
a robust machine learning model for solving classification problems. Several weak
learners are united to build a vitalmodel. It is also known as themultiple classification
systems, based on several learning models that have used to solve classification
problems [8].

A study by [2] proposed a student’s performance prediction model based on
ensemble techniques with student’s behavioural data features. Experimental results
show that the consequence achieves improvement when using behavioural features,
academic achievement and ensemble methods.

Reference [3] compared different classification methods and develop a students’
achievement prediction model by using student’s behaviour data and ensemble
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methods. By combining Support Vector Machine, Logistic Regression and Random
Forest as Majority Vote Ensemble Classifiers, the result shows better performance
accuracy.

Another study by [9] compared 7 prediction methods and ensemble technique
and increase generalizability as well as the accuracy of the prediction models using
feature selection. 3 most successful base methods; Naïve Bayes, Support Vector
Machine, and K-Nearest Neighbor was used as ensemble models and had the best
results.

Reference [10] compared a combination of data; learning management system,
student record system and survey, with state-of-art classifiers; Decision Tree, Support
Vector Machine, Artificial Neural Network and ensembles of the 3 base classifiers
for students’ academic performance prediction. Using multiple data sources along
with various ensemble techniques to gain advantageous and high accuracy in student
performance prediction.

In a different study by [11], a two-stage model supported by data mining tech-
niques that uses the information available at the end of the first year of students’
academic career (path) was proposed to predict their overall academic perfor-
mance. They discovered that random forests ensembles are excellent to the other
classification techniques considered.

Also research by [12] developed a new multimodal perturbation-based ensemble
algorithm,RRSB, to improve the performance of ensemble classification. They found
that RRSB is robust, with different k values compared with other methods. The
experiment shows that it is useful for a big and imbalanced data set.

Reference [13] created a homogeneous ensemble using different classification and
regression trees, CART models with modified weighted aging classifier ensemble.
The experimental results prove that the result outperformed other machine learning
classifiers applied.

2.2 Resampling Techniques

Resampling is the process to overcome the imbalance of class allocation in the
training data. The oversampling will duplicate new minority class data [14]. A
few examples of oversampling techniques include, Synthetic Minority Oversam-
pling Technique (SMOTE), Adaptive Synthetic Sampling (ADASYN) and Random
Oversampling (ROS).

On the other hand, the undersampling techniques will eliminate data from the
majority class [8]. The few examples of undersampling are TomekLinks (TL), Edited
Nearest Neighbors (ENN) andRandomUnder sampling (RUS). These techniques are
more appropriate for the vast size of data. Theweakness of undersampling techniques
is the data reduction that might cause information loss. However, undersampling
and over-sampling techniques have their advantage and disadvantage respectively
[15, 16].
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Therefore, the combination of these two techniques helps to complement each
other. The hybrid technique is the combination of oversampling and undersampling
techniques or with ensemble techniques. SMOTE-TL, SMOTE-ENN, SMOTEBoost
and RUSBoost are some examples of hybrid approaches. However, the process to
create new instances using oversampling techniques may lead to overfitting [5].

2.3 Utilization of Resampling Technique for Imbalanced
Data

Data level and algorithm level are 2 class imbalanced classification approach used to
manage and solve the imbalance problems. The data level classification approach in
sampling helps the ratio of classes to improve and balance. In the algorithm level of
classification approach, classifiers utilized to enhance the learning task by fine-tuning
[14].

Interesting work by [5], discovered that 4 classifiers show better performance
when combining the proposed two noise filtermethodwith class imbalance approach.
They developed students’ performance prediction using two datasets effected by
noise and class imbalanced data. In the first experiment, the behaviour of five
class imbalance techniques analysis to oversample the datasets; SMOTE, SMOTE-
ENN, SMOTE-TL, ROS and weighting using 4 classifiers; Support Vector Machine,
Logistic Regression, RandomForest andAdaBoost was observed. The second exper-
iment proposed two new techniques, BST-CF, BST-EF on different classifiers to
identify a set of noise that should remove.

Reference [16] performed an empirical study of class noise and imbalance. 11
different classifiers analyzed on sample data to predict the quality of the software. By
using 12 real-world datasets from software quality data and seven sample techniques,
they discovered and proposed a new SMOTE-IPE technique, that proveed to tackle
noise and borderline of instances in imbalanced data sets problem.

A study by [17] proposed Diversified Error-Correcting Output Codes (DECOC),
that is a novel multiclass imbalanced classification. This method has proven to give
a significant improvement in accuracy compared to 17 other classifiers.

Research by [18] focuses on improving the true positive rate of minority class
(GDM). About 886 instances was collected, which contain patients with diabetes
mellitus disease information. In which two low undersampling techniques (RUS
and NCL) was also added to balance the dataset before classification. This process
involves undersampling the majority class, which balances the dataset before the
classification was applied. The 3 learning algorithms that was adapted are; Decision
tree (pruned), Decision tree (unpruned) and RIPPER.

Another study by [19] examined multiclass imbalanced problems, such as classes
overlapping, shortage of data, andmixed various types of data. This approach created
covariance inminority class and create synthetic samples. Experiments was executed
using two datasets and 15 multiclass imbalanced benchmarks. Additionally, their
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study introduced GSVD (Generalized Singular Value Decomposition) in Adaptive
Mahalanobis Distance-based Over-sampling (AMDO) and manage to resolve prob-
lems with mixed-type of data, develop a part of balanced resampling scheme and
utilize sample synthesis.

In another study by [20], an error diagnosis model was improve by proposing the
knowledge-based procedures. This was carried out via 2 different feature selection
processes to decide on the essential set of features. Some ensembles utilized in
training the model. Their observations show the importance of performing the class
imbalance techniques as it can reduce the mispronunciation of incorrect products.

Research by [21] finds out that Kernelized extreme learning machine (KELM)
produces better scores compared to the traditional extreme learning machine
(ELM), that uses random input parameters. The researchers proposed a generalized
CSKELM (GCSKELM), the extension CSKELM, that enable to solve the multiclass
imbalanced problems directly.

Reference [11] developed dynamic ensemble selection for multiclass imbalanced
datasets (DES-MI) where the candidate classifiers were assessed with weighted
instances in the neighborhoods. While also 2 components were proposed in the
DES-MI T to balanced training datasets and selection of suitable classifiers. There-
after, a preprocessing procedure was developed to balance the training data and the
weighting mechanism was utilized to highlight the most powerful classifiers.

3 Methodology

3.1 Datasets

The present study is a combination of two data sources; the student informa-
tion system (SIS) and e-learning (EL). Students’ behaviour of using e-learning is
processed to integrate with the student information system. The data employed was
gathered from a Malaysia public research university consist of 4413 students from
the Faculty of Engineering in the first session of 2017/2018 were used [22].

3.2 Tools

Python and Jupyter Notebook are programming and software used to run the exper-
iments. This was runs in the Windows platform with Intel® Core™ i7 and 16 GB of
RAM. Furthermore, the present study used the Scikitlearn python package for data
preprocessing and machine learning algorithms while the Imblearn python package
was used for imbalance class resampling.
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3.3 Preprocessing

Pre-processing is a data mining step to enhance the data quality and ensure the
modeling ofmachine learning to becomesmore efficient. It is also essential to provide
the best data generation for modelling using machine learning methods. Scikitlearn
is the preprocessing package in python that helps to perform a sequence of prepro-
cessing. Firstly, an initial feature filtering is carried out where unwanted data are
eliminated. Afterwards, a data transformation execution in which the categorical
data is transformed into numerical values to prepare all for modelling is carried out.
Finally, the data normalization is performed to change all the data figures to a small
range. This is important to make data ready for the modelling process.

More so, the selection of the important features is very crucial to improve predic-
tive performance. This is to eliminate irrelevant, redundant data and ensure the quality
and accuracy of the learning model developed. The presence of unnecessary features
can decrease training speed and generalization performance of test data. Feature
selection reduces data dimensions to increase data mining results. For the present
study 19 features were selected in the first stage of filtering. They were classified
into 3 features types: academic background, demographical with socioeconomic and
behavior e-learning.

Through this study, 10 features were selected using 6 feature selection algorithms:
3 wrappers and 3 filter techniques with statistical evidence. The steps include, sorting
together with a combination of the wrapper and filter algorithms. The results show
7 behavioural e-learning features, 1 economic feature, 1 academic feature and 1
demographic feature among the top 10 ranking features that are important to use
as predictors in the student predictive model. The features (bold) are as shown in
Table 1.

According to [2], students’ behaviour features contribute to the improvement of
accuracy in the model proposed. They discovered a strong relationship between
academic and behaviour features. Behaviour features improved the performance
accuracy in students’ performance prediction models [10, 23]. A finding by [24]
proves a strong relationship between students’ behaviour and academic performance.

3.4 Performance Measure

There are 3 classification performance metrics used in the empirical works of the
present study:

Precision = T P

T P + FP
(1)

Recall = T P

T P + FN
(2)
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Table 1 Features and description [33]

Category Feature Description

Academic background features Study method Coursework or
research

Programme Programme of study

CGPA Cumulative grade
point average

Year_Intake Year of students’
intake

Education_Mode Part time/full time

Demographics/socioeconomic
features

Family_Income Family income range

Student_Status Student status

Scholarship Name of scholarship

Gender Student gender

Age Student age

Nationality Student nationality

Disability Disability status

Behaviour features (e-learning) User_Loggedin Count no of login

Course_Viewed Count course viewed

Course_Module_Viewed Count resources
viewed

Discussion_Viewed Count
forum/discussion
viewed

Submission_Form_Submitted Count course
submitted

Attempt_Viewed Count assignment
viewed

Assesable_Submitted Count assignment
submitted

FScore = 2× Precision × Recall

Precision + Recall
(3)

3.5 Modelling

For training the machine learning model, the data were split into two parts, train
data and test data with ratio 70: for training and 30 for testing. Thereafter, the cross-
validation technique with 10 folds was applied to every classification model. Also,
grid search was utilized to get the best hyperparameters for every model.
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4 Empirical Experiment Result and Analysis

4.1 Experiment I

Table 2 shows the results of the empirical study using the F-score performancemetric
after applying the 10 resampling techniques. The experiment trained models using
5 base classifiers and 5 ensemble classifiers for the top ten best features. The base
classifiers are; Decision Tree (DT), K-Nearest Neighbour (KNN), Neural Network
(NN), Naïve Bayes (NB) and Support Vector Machine (SVM). AdaBoost (AB),
Bagging (BGG), RandomForest (RF), Gradient Boosting (GB) andXGBoost (XGB)
are ensembles classifiers used to evaluate the performance.

Among the classifier trained, all show improvement after balancing the multi-
class labels. Bagging shows the highest accuracy result among all classifiers. The
hybrid technique, SMOTEENN is the most suitable imbalance resampling technique
used for the education data since it shows the most consistent highest result with all
the classifiers employed. This indicates that SMOTEENN is the most suitable hybrid
technique in the present study.

From the first experiment executed, Bagging achieves the highest F-score while
sampling using SMOTEENN consistently shows the highest result among all 10
resampling techniques used.

Table 2 Applied imbalance technique

Type Sampling DT NB NN SVM KNN RF BGG AB GB XGB

No sampling 0.411 0.389 0.358 0.278 0.412 0.411 0.417 0.415 0.469 0.425

Over
sampling

SMOTE 0.664 0.449 0.57 0.478 0.677 0.726 0.73 0.661 0.731 0.716

ROS 0.779 0.455 0.552 0.485 0.64 0.779 0.775 0.783 0.69 0.674

ADS 0.663 0.436 0.555 0.452 0.65 0.708 0.706 0.669 0.705 0.702

Under
sampling

RUS 0.453 0.44 0.481 0.376 0.5 0.406 0.471 0.476 0.586 0.595

NM 0.678 0.438 0.565 0.47 0.664 0.733 0.725 0.751 0.738 0.716

CNN 0.786 0.608 0.727 0.575 0.822 0.822 0.828 0.778 0.8 0.783

ENN 0.552 0.562 0.559 0.294 0.568 0.646 0.586 0.547 0.647 0.675

TL 0.443 0.44 0.406 0.282 0.44 0.474 0.466 0.432 0.465 0.434

Hybrid SMOTEENN 0.789 0.609 0.721 0.581 0.823 0.831 0.855 0.792 0.801 0.787

SMOTETL 0.659 0.452 0.581 0.481 0.67 0.732 0.724 0.667 0.725 0.702
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Table 3 Bagging various base classifiers

Sampling BGG-DT BGG-NB BGG-KNN BGG-SVM

SMOTEENN 0.855 0.629 0.841 0.706

4.2 Experiment II

The second experiment utilized the result from thefirst experimentwhere theBagging
gain the highest F-score and SMOTEENN and shows consistency among all resam-
pling techniques used. Table 3 shows the experiment of Bagging ensemble learning
using multiple base classifiers and balance of the data using SMOTEENN.

The experiment above shows that among the base classifiers utilized,Baggingwith
decision trees gain the highest F-score result, followed by Bagging with k-nearest
neighbours.

Reference [25] proposed an ensemble meta-based tree model (EMT), to predict
student performance. EMT is a combination of 2 consistent machine learning clas-
sifiers. The results show the NBTree and Adaboost_J48 classifiers outperform and
has applied in the EMT. It shows the based classifier with tree types perform well to
implement to ensemble classifiers.Also, a study by [24] proposes the bootstrap aggre-
gating technique on the hybridization of two base classifiers; Naıve Bayes (NB) and
Decision Tree (DT). Conversely, NB was utilized to remove noise instances from the
training set, then follow by train the DT. The hybrid Bagged Naıve Bayes-Decision
Tree (BNBDT) hybrid algorithm shows the best result to improve the classification
accuracy of various multiclass problems. In another study, [26] applied and inte-
grated SVM base classifier with Bagging classifier and proposed a novel method
for druggable proteins prediction. The experimental result shows that feature selec-
tion, feature extraction, ensemble learning, and other algorithms improved the model
significantly.

While for education domain, research by [2, 3, 27–32] proved that ensemble
learning classifiers produce students’ performance prediction model improvement
and better accuracy.

5 Conclusion and Future Work

Student performance is an important factor needed to be prioritized as it indi-
rectly reflects the achievements of educational institutions. In the education sector,
academic achievement is a fundamental factor that needs to be prioritize and monitor
consistently from time to time. Student data consisting of demographics, socioeco-
nomics, students’ profile and attitude of online learning contained valuable informa-
tion that can be interpreted as knowledge.However, the educational sector needsmore
research to discover additional knowledge and build accurate student performance
prediction models using the hybrid of ensembles.
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Future research is recommended to be focus more on the improvement of the
bagging technique where hybridization of classifiers improves the multiclass issues.
Also, cross-domain data samples need to be used to train the hybridization of bagging.
Furthermore, future work needs to concentrate more on the hybrid of bagging tech-
niques with various base classifiers and hyperparameters tuning, since bagging has
proven to produce the highest result.
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A Review on Deep Learning Approaches
to Forecasting the Changes of Sea Level

Nosius Luaran, Rayner Alfred , Joe Henry Obit, and Chin Kim On

Abstract Theamalgamationof atmospheric elements indicates positive trends in sea
level rise which has had a significant impact on nearly 60% of the world’s population
living in the low elevated coastal area. In this paper, we first discuss potential factors
leading to the rise in sea level and negative impacts on future development along
the coastal region. Then, methods of acquiring sea level data which revolutionize
the study of variation at sea level will also be reviewed and discussed. The present
paper aims to review several Deep Learning (DL) algorithms that address critical
issues of forecasting, specifically a time variable known as time series by managing
complex patterns and inefficiently capturing long-termmultivariate data dependency.
Asynchronous data handling required correct theoretical frameworkprocesses.Based
on the review conducted, the deep learning architecture is capable of generating
accurate prediction at sea level which can be used as decision-making tools for
managing low-lying coastal areas.

Keywords Deep learning · CNN · LSTM · GRU · Non-astronomical · Sea level
trend

1 Introduction

The prediction of Long-term changes in sea level becomesmore challenging because
of the unpredictable global trend of non-atmospheric components. Once it comes to
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changes in the level of the sea, most experts believe that the effect of atmospheric
elements has affected the frequency and variability of tides and sea levels across
the world from coast to coast. Nevertheless, local non-astronomical sources such
as temperature, salinity, current, seawater pressure, wind, seawater topography and
local water depth [1, 2] are also factors and parameters that affect the accuracy of the
tidal analysis and prediction. National Oceanography Center, 2016 emphasizes the
significance of considering metrological effects due to static atmospheric pressure
data and dynamic wind stress induced by storm surges (positive or negative surges)
to the normal tidal level on the open coast.

GlobalMean Sea Level (GMSL) variation shows positive trends [3] andwhich can
lead to significant increase [4]. A number of researchers [5–7] have recently indicated
an extreme sea level in several places around theworld over the last fewdecadeswhich
are approximately in line with the International Penal on Climate Change (IPCC)
5thAssessment Report (AR5)model projection. The SatelliteAltimetry observations
gathered from TOPEX/Poseidon, Jason-1, Jason-2 and Jason-3 estimated GMSL the
sea level rise due to climate change for the last 25 years is 0.084 ± 0.025 mm/y2

[8]. The global measurements related to the global average sea level have risen by
approximately 8–9 in. (21–24 cm) since 1880, with approximately 8 cm (3 in.) occur-
ring since 1993 and recent work indicates that the largest possible contributors to
rising sea levels are Greenland and Antarctic [9–13]. In addition, [14] also highlights
the importance of spatial variability, especially in ocean density, ocean mass redis-
tribution, ocean mass change, related gravitational effects and vertical land motion.
Furthermore, it indicates that rapid sea level changed due to rapid changes in ice
sheet dynamics [8].

The rising sea levels have significant impacts to approximately where 60% of the
world’s population living in the low-elevation coastal zone [4] and islands region [15]
and expected to continue rising for centuries. The Sea level rise adversely impact
the sustainability development of coastal areas as they directly impact the physical
property, important coastal infrastructure including transportation and utility infras-
tructure, production process, natural and cultural resources, and indirectly, impact
the ecosystem, economic activities, income, wealth, public health, safety, and overall
social well-being of the coastal community [4, 16].

2 The Fundamental of Tidal Shift

The fundamental theory of tidal shift in the sea level can be demonstrated as a
regular fluctuation in the sea level which primarily influence by the astronomical
components such as gravitational forces exerted by the moon, sun and the rotation
of the earth. Tidal periodic phenomena were derived and discovered on the basis of
Newton gravitational theory which can be denoted in the form of sinusoidal function
which basically has three parameters, namely frequency, amplitude and phase [17].

Multiple researchers agreed that the acceleration of GMSL based on the basis of
reconstructed model using Satellite Altimetry data indicates positive inclination [8,
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18]. However, [9] noted that the Global Mean Sea Level (GMSL) acceleration from
the earlier twentieth century was un-predictable which inferred from Tide Gauge
(TG) records.

2.1 The Impacts of Sea Level Rises in Malaysia

In Malaysia, the increase in Sea level is one of the most alarming and costly conse-
quences of climate change affecting sustainable growth in coastal regions which
impacting directly on substantial coastal infrastructure, physical properties and
indirectly, the coastal community’s environment, economic activities, employment,
public health, protection and overall social well-being [16]. A moderate change in
mean sea Level would lead to a significant increase in the number of extreme water
levels [19].

The National Hydraulic Research Institute of Malaysia (NAHRIM) recorded an
average increase of 2.73–7.0 mm (per year) in Sea Level Rise (SLR) over 30 stations
inMalaysia from 1993 to 2010 and found that there has been a substantial increase in
SLR trends over the last 5 years compared to the SLR trends over 20 years ago [20].
Consequently, if the ice shelves in Greenland and Antarctica begin to increase heat
and marine melting, it is difficult to prevent disintegration of large-scale ice sheets
that will cause sea level to rise.

It is therefore important to introduce a state-of-art sea-level forecasting tech-
niques that have the capacity to provide realistic forecasting under non-extreme
conditions (i.e., storm surges are not captured) and also to support routine coastal
decision-making and provide a benchmark for potential Mean Sea Level forecasts.
However, the tide height shift are depends directly on the two components that is long-
term astronomical and short-term meteorological impact due to extreme weather
conditions [21]. In addition, several sources of datasets derived from tide gauges,
satellite altimetry, Global Navigation Satellite System (GNSS), leveling campaigns,
meteorological stations can be used to investigate the sea level variation [22].

2.2 Tidal Data Observation

This section will briefly describe the key sources for tidal heights datasets. In the last
decades, Satellite Altimetry era, NASA’s remote sensing satellite altimetry measure-
ment has revolutionized our sea-level awareness, ocean circulation, and climate vari-
ability studies [23]. Satellite Altimetry information has been utilized widely to inves-
tigate the Spatial-Temporal behavior [24], Amplitude’sNodalModulation [3], poten-
tial effects of ocean level variability and also for geoid determination and current
circulations study [16]. Satellite Altimetry (SA) specifically calculates sea-surface
elevation in the gridded block by interpolation and offers high-precision of about
1 mm/year global sea-level change [24, 25]. Satellite altimetry mission, TOPEX,
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JASON1, JASON2, ERS1, ESR2 and ENVISAT appears very promising particu-
larly for studying sea level, as it provides broad coverage for measuring sea level
[23].

However, the accuracy of direct observational techniques using SatelliteAltimetry
to measure the Sea Surface Height (SSH) decreases dramatically along coastal area
due to near coast effect [24]. The near coast effects caused the accuracy signifi-
cantly lower along the coast compared in deep sea. Therefore, Tide Gauge (TG) data
played more important role in determining the characteristics and behavior along the
coastal area and gives higher precision of sea level change along coast [23–26]. TG
data recorded using conventional tide gauges, automatic tide gauges and water level
recorders.

2.3 Forecasting the Rise of Sea Level

The prediction of rising sea levels is becoming more critical due to erratic trends,
development and impacts such as the prominent effect of Global warming which
includes the ice melting and glacier significantly accelerate sea level rise global.
The forecasting of sea levels at different geographical locations is necessary for
any analysis to recognize and mitigate serious consequences. As several studies
have suggested, changes in the level of the sea impact the marine environment,
submergence of islands, changes in microclimates, coastal ecosystems, movement
of species. A range of industries that rely on sea level information for harbor planning
and decision-making, near shore marine firms, hydrographic surveyors, oil explo-
ration/exploitation activities and so on. Therefore, advance planning for future devel-
opment especially along coastal area require sea level evidence to identify dynamical
models of sea level patterns [27].

3 Deep Learning Approach to Tidal Level Forecasting

The irregular rising of sea level is become the major challenge for society in the
twenty-first century as reported by International Penal on Climate Change (IPCC)
[23]. Computational intelligence approaches become actively used to as forecasting
method for sequential dataset. High precision of future sea level forecasting need
reliable dataset and valuable information that affecting the sea level variations. Non-
Astronomical components that are the meteorological mechanisms are the most
important factor in establishingmodel for tidal prediction. Principally, Deep learning
modules employ number of layers to solve problem on related time series from the
same domain due to the increase volume of data and related information which is
considered valuable information affecting the sea level variations.
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This section presents the overview of Traditional Univariate Tidal Forecasting
methods, Machine Learning Method and Deep Learning approach in forecasting
future sea level height change.

3.1 Traditional Univariate Tidal Forecasting Method

Traditional Univariate methods used for tidal forecasting tools are Exponential
Smoothing State Space Model (ESMs) and Auto Regressive Integrated Moving
Average (ARIMA) as quantitative forecasting methods for sea level rise, using
model level, trend and seasonal decomposition [28]. Traditional univariate tech-
niques that is consider individual time series are suitable to use with minimal volume
of dataset and unable to exploit multi-variate information [29]. This mean that, less
number of parameters are used in this techniques compared to other complexmachine
learning methods. This method is incapable of extracting valuable knowledge and to
deliver high quality prediction. In General, this method is extensively employed as an
benchmark result to other Neural Networks and computational intelligence methods
[30].

In general, the application of Traditional method for forecasting tidal height,
such as Harmonic Analysis (HA), which incorporated tidal characteristics of the
many sinusoidal constituents and employed least squares adjustment can achieved
adequate result to support marine activities [27]. The enhancement approach, using
the combination of conventionalmethod, has also enhanced the overall prediction and
increased the accuracy of the harmonic analysis [31]. Nevertheless, the outcome of
the prediction is based only on changes in single tidal amplitudes due to its limitation
to inter-correlation with other external factors that directly influenced the changes in
tidal height such as non-astronomical components and others. This is becoming the
main challenges of using the traditional method to predict future tidal height patterns.

3.2 Artificial Neural Network (ANN)

Artificial Neural Networks (ANNs)method for time series prediction since 1990s has
become viable, leading to the publication of considerable amount of literature. The
basic ANNs model has been used extensively since 1990s for approximation of non-
linear time series, with acceptable prediction of water level prediction. ANNs used
for sea level prediction and assessing the performance of other techniques [32, 33].

Artificial Neural Network (ANNs) established using a mathematical model that
can be trained to tackle problems throughmachine-learning neurons and also its capa-
bility of extracting direct knowledge from complex non-linear relationship between
the inputs and outputs which is one of the main contributions in machine-learning
approach [34]. The inputs and outputs interconnection illustrated in thismathematical
form:
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Y = f (Xn) (1)

where, Y is the output vector and Xn is the n-input array containing of variables X1,
…, Xn. The number of neurons in each Hidden layers, bias factor and activation
function of the ANNs are the components of Black-Box that execute the function to
solve specific problem. However, ANN conventional model has significant limitation
in solving sequential data such as tidal variation over time factor.

Some of the challenges in the application of machine learning tools namely ANNs
to achieve an adequate sea level prediction are to capture non-linear and complex
underlying characteristics of physical phase to forecast and define better solution
of tidal problems. Therefore, some advanced mathematical techniques are required
to resolve the lack of aforementioned observation. Machine learning model utilize,
assimilate and learn from evidence of past climate trends using observational dataset
to predict the future development [35]. Nevertheless, Machine Learning becomes
more usefulwhen insufficient data for executing process-basedmodeling andwithout
performing downscaling operation.

ANNs enable the tidal analysis composed by several components factor, which are
the disturbance factors of tidal level, to ameliorate the accuracy of tidal investigation
and improve the low accuracy of a single harmonic analysis [36]. ANNs can be
viewed as robust computational method capable of exploiting the non-linear and
complex underlying characteristics of physical process with level degree of accuracy.
Furthermore, diverse mathematical techniques and amalgamation of various models
were established to search for an adequate sea level forecasting methods. However,
ANN conventional model has significant limitation in solving sequential data such
as tidal variation over time factor and its time learning requirement.

3.3 Deep Learning Approach in Tidal Prediction

In this section, we briefly describe various Deep Learning methods that extensively
used algorithms for future forecasting of the time series datasets in different fields.
Deep learning methods have had an exceptional effect on the solutions to a wide
variety of problems [37]. There are three most popular and efficient Deep Learning
networks used to tackle critical forecasting problems contains a time component
known as time series. Explicitly, there are Recurrent Neural Network (RNN) and
enhanced RNN that is Long Shot Time Memory (LSTM) and Gated Recurrent Unit
(GRU) which work-well really well [38].

RNN architecture provide extensive empirical analysis of forecasting and
conclude that RNNs is works well in seasonality modelling directly by skipping
the homogeneous seasonal patterns-based deseasonalization process [29]. Further
empirical evaluations have indicated that RNNs has strong capability in three task
groups: arithmetic computation, XML modeling and language modeling.

RNNs are extension of Neural Networks for sequential datasets [38]. In general,
RNNs mechanics used the input data to derive the current prediction along with the
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outputs. The repeating modules functions of RNN which stored important record
from previous steps is successfully used in learning sequences. Nonetheless, there
are many difficulties in applying RNNs time series data for future forecasting as the
model is not easy to train and cannot be retrieved from previous results. This implies
that RNNs do not have the capacity to store forward moving values in time. The
main limitation of RNNs is the Vanishing Gradient Problems which happened when
the gradient become too insignificant or huge.

Long Short-TermMemory (LSTM) networks are an ideal model used for sequen-
tial tidal data due to its capability to learn long-term dependencies time-series data
[39]. Furthermore, LSTMs is become more popular in forecasting modeling because
of its proficiency to handle the vanishing gradient problem in RNNs architecture.
The combination of three gates with the cell state and hidden state helps the network
to decide which moving values need to save, forget, remember, attention and the
output format.

Gated Recurrent Unit (GRU) is another model which functions almost compa-
rable with LSTMs but the architecture design is less complex compared LSTMs
[39]. However, there are challenges occurred in performing RNN entity (LSTM &
GRU) for sequential dataset that is training time is very slow due to backpropagation
process.

In order to handle time series prediction problems, several attempts have been
made in recent years to resolve issues using state-of-the-art algorithms. A standard
ConvolutionalNeuralNetworks (CNN), developed specifically for image processing,
have accomplished comparable and even exceeded LSTM on time series forecasting
tasks [40].

Temporal Convolutional Neural Networks (TCNN) with 1D convolution Kernals
which automatically learn time-translation invariant features from time series can be
used in time series forecasting tasks. Based on updated CNN, forecasting time-series
improvedwith its ability to extract long-term historical features by combining Casual
Strategy and Dilated CNN, and by studying time-series data self-regressively and
memorizing long-term historical information with a larger convolutionary receptive
field [40–42]. This approach would therefore have a higher forecasting estimate by
solving the long-term historical dependence problem.

In recent years, a variety of Ensemble Methods have been widely used to increase
the ability of the model to generalize and improve additional accuracy [43] by about
2% in several real settings [44]. Hybrid Algorithms also have become popular,
combining more than two algorithms that solve the problem, depending on the
characteristics and structure of the data.

One of the research papers published is using the combination of Deep learning
model Convolutional Neural Network (CNN) and a Recurrent Neural Network
(RNN) to investigate the performance of the network architecture to evaluate both
the spatial and temporal evolution of the sea level [15]. The combination of the
Convolutional Neural Network (CNN) and enhanced RNNmodel that is Long-Short
Term Memory (LSTM) models are utilised to predict inter-annual sea level anoma-
lies (SLAs) to capture both spatial and temporal relationships with higher accuracy.
The combination of CNN and ConvLSTM networks has greatly increased accuracy
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and forecasting has been consistent for a number of years. In addition, it addresses
almost all spatial structures very well.

Another research paper is centered on the application of the DeepNeural Network
(DNN)model to predict short-term future tide level using10years of historical dataset
from 4 tide station [45]. The exact prediction of the tide level is important for near-
shore marine activity and for anticipating sudden flash floods, particularly for people
living on low-lying land. DNN model employed more hidden layers which executes
different task. Significant parameter applied for tuning the DNN model in order to
achieve higher accuracy are the activation function, learning rate (µ), hidden layer
architecture, dropout ratio and loss function. In order to improve performance, the
DNNmodel is tuned to produce better performance using multiple hyperparameters.

Deep learning (DL) method viewed as a completed package to encounter the
limitation of both traditional and shallow neural network models to forecast short
and long term tidal changes. DL is capable to perform analysis on massive amount
and complex characteristics of dataset within the time. In particularly, LSTM (with
GRU) architectures designed to address sequential data or time series effectively
[34]. The performance of individual Deep learning is evaluated based on the Mean
Absolute Error Score (MAPE) and the Root Mean Square Error score (RMSE).
Additionally, the optimization process helped to enhance the level of accuracy using
multiple parameters such as the activation function, learning rate (µ), hidden layer
architecture, dropout ratio and loss function. It has been shown that theDeepLearning
method can have higher predict accuracy over the short term and increase the forecast
error with the forecasting days.

4 Conclusion and Future Perspectives

The implementation of various Deep learning methods under different conditions
provides a diverse level of performance and the best solutions vary based on the char-
acteristics of the problem domain. In the case of Tidal prediction, Irregular variations
in tidal motions at high and low tides pose major challenges to learning algorithms.
Apart from that, the consistency of the time series dataset use for future predic-
tion also is very crucial. This means that handling of asynchronous data required an
appropriate theoretical framework process. However, incongruent time-series config-
uration used in the same model will present different level of accuracy. In order to
achieve a fully automated forecasting process, it is essential to adopt a forecasting
framework that a similar time-series character between the problem domains.
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Abstract Education is one of the important fields in this challenging world. The
researchers come out with the new perceptive, which is learning analytics that is a
new invention for helping out the instructors, learners, and administrators. The use
of learning analytics can be the medium for increasing the productivity of education
for producing capable leaders in the future. Machine learning comes out with any
type of techniques such as Decision Tree, Support Vector Machine, Naïve Bayes,
and Ensemble Classifiers. However, both Decision Tree and Ensemble Classifiers
are chosen as the best potential machine learning techniques to cope with the large
database of students. The Boosted Tree of Ensemble Classifiers managed to get
99.6% accuracy of training 378,005 data of students regarding the Virtual Learning
Environment (VLE).
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1 Introduction

The world is introduced to the new era that implemented data to all the things that
happened in daily life. The main function of the data is that the data can be converted
into useful information. The useful information needs to solve any problem and give
a new perceptive for a certain situation.

One of the sectors that need to use large data is education and learning. This is
due to both sectors always dealing with data every single time. The data is about
many things, for example, the data about the institutions, the instructors or teachers,
the students, the courses, and many more.

Learning Analytics (LA) is one of the formal analytic introduced for learning.
Learning analytics is about the measurement, collection, analysis, and reporting of
data about the learners and their context, for understanding and optimizing learning
and the environments in which it occurs [1–5].

In learning analytics, it involves three main parties, which are administrators,
instructors, and students. The administrators are the leader that gather all the infor-
mation regarding the institutions, students, and instructors. While, the instructors
collect the data about the courses, the examinations, the classes, the co-curriculum
activities in many more.

The administrators recorded the students’ information can be used as the input of
analysis to measure the correlation between the information to gain the new infor-
mative result for the instructors. Learning analytics also become a subject particular
concern especially considering the abundance a secondary data encompassing all
aspects of students’ trajectories across an academic curriculum [6]. Indeed, as tech-
nology progress, the understanding of online behavior is the main key to successful
implementation in digital learning.

In this research, the authors focused on the effect of the number of splits towards
Decision Tree techniques to increase the accuracy and cope with the large dataset.
This is very important to find out the best techniques that can give the exact result of
classifications.

This paper is coordinated as follows: Sect. 1 is an introduction about the infor-
mation about the research including the field and techniques involved. Section 2
explained the previous implementation of current techniques in LA based on
researches around the world. Section 3 explained the methodology involved in this
research. Next, Sect. 4 discussed the results and discussion gathered in this research.
Section 5 concluded this research and give opinions for future research.

2 Related Works

Both learning analytics (LA) algorithms and learning systems can be connected based
on big data enable visualizing the integration of different data insights. Indeed, a set
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of algorithms useful for the analysis in LA and also themassive data is pre-processing
originally generated in the Massive Open Online Courses (MOOCs) [7].

MOOCs become famous since it starts in 2008. The traditional confined class-
room education by universities also changing their practices by hosting MOOCs
[8]. However, high dropout and failure rates become the main problems in MOOCs.
The authors focused on investigating student dropout and the prediction results of
machine learning models built based on different types of attributes and VLE [8].
The Gradient Boosting Machine proved the result prediction at 0.93 and high perfor-
mance of AUC, up to 0.91 for dropout prediction based on students’ interaction with
VLE [8].

Other than that, by using the model of various approaches in LA and Educational
Data Mining (EDM), the researchers got achievements in blended or online learning
settings. Related to the methods, researchers used both statistical methods, logistic
regression and probabilistic methods, Markov Chain, and Bayesian Classifier like
Naïve Bayes. While Support Vector Machine (SVM) or decision trees like ID3 or
C4.5 are machine learning for classification algorithms. The XGBoost showed the
highest PR AUC value, which is 0.5652 [9].

The present grade of performance is explained in the emerging of education data
mining and learning analytics promotes the acquisition of raw data for comprehen-
sive visualization same as back-casting on learning behaviors [10, 11]. Both learning
analytics and educational data mining are depending on two different machine
learning and deep learning algorithms. According to the research, the target vari-
able is 68.32% is classified correctly by the kNN algorithm. Besides, the student’s
performance on the final examination is evaluated correctly by Powers [10, 12].
Overall, the true positive rate of the models, 78.6% shows the effective result of
decision tree algorithms as the study established [10].

The complements between a virtual learning environment and learning analytics
paradigm that producing datasets for evaluating and recording the learning process
of students and its both consideration and improvement in their various performance
[13]. The implementation of a deep artificial neural network on a set of unique hand-
crafted features, and extracted from the clickstream data of virtual learning environ-
ment to forecast at-risk students contributing the estimations for early intervention
[13]. The proposed model of deep neural network achieves a classification accuracy
of 84–93% [13].

To determine the commitment development on student performance, machine
learning algorithms are used to classify the low-engagement students in a social
science course at the Open University (OU) [14]. The authors applied several
machine-learning techniques to the dataset to anticipate the low-engagement
students. The J48 has the highest accuracy for the training, which is 88.52% [14].

In theML community, the ability to cope with the massive dataset is developed by
ML algorithms become long-standing research before the advent of the “big data” era
[15]. The Big Data dimension is divided into five, which are volume that related to
the quantity or amount of data, velocity means the speed of data generation, variety
related type, nature, and format of data, veracity is trustworthiness or quality of
captured data and value about insight and impact.
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By using the massive samples with high dimensionality, big data is characterized
those conditions are prerequisites and imply the finding of datasets requires impor-
tant computational and storage capabilities [16]. On the other hand, classification
algorithms yield a good result in terms of large data processing that proved by the
previous researchers [7].

Olson and Wu [17] suggested a classification model for unstructured documents
via combining the Naïve Bayes classifier with the predictive analysis for learning
systems [7, 17]. Besides, for the field of education EDM offers a range of algorithms
[18]. Other than that, ML is one of the techniques of artificial intelligence. Due to
that,ML algorithms can implement the complex pattern that is extracting the features
from current data and allowed to make smart decisions regarding the existing data
[19, 20].

There are collecting data, analyze the data, and provide appropriate suggestions
and feedback to students to improve their learning [19, 20]. The predictive analytics
can help the instructor to manage the students’ activities with the learning material
and the student’s assessment scores are related to that student’s engagement stage
[14]. The computer abilities are increasing rapidly in e-learning, recommendation,
pattern recognition, image processing, medical diagnosis, and many other domains
using ML algorithms [21].

The sample data is used as inputs and tested with the new data in ML algorithms
[22]. ML algorithms used by instructors that obtained student-related information
in real-time that helps during early course stages [15, 23]. Both numerical and cate-
gorical forecaster variables with no doubt can build predictive models from student
data and ML techniques [21]. The ML models could utilize big data techniques to
achieve scalability in two categories, which are the basic middleware layer that reim-
plements existing learning tasks that can train in big data platforms and convert the
single learning analytics into big data platforms [24].

3 Classifying the Large Dataset Using Decision Tree
Techniques

This research is involving the large dataset about students’ information based on
student demographics, student activities, and module presentations regarding the
VLE fromKaggleDataset [25]. Thefinal dataset is obtained by joining sevendifferent
tables. The Student Info table contains demographics details of students, Student
Registration consists of information about the students registered or unregistered the
courses. StudentVLE and VLE tables contain virtual learning environment informa-
tion. Indeed, student assessment and assessment tables are about the assessments’
information. Therefore, it involves 378,005 data including 26 predictors.
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3.1 Data Pre-processing

Data pre-processing is one of the techniques that can be implemented before the
training session. Data pre-processing is important to prepare the data to get an accu-
rate result during the training. It usually includes easy-to-measure variables selection,
denoising, outlier detection, and missing values replacement is a crucial step process
model design [26]. In this research, the authors mostly replace the missing data by
zero to enhance the accurate result by the end of the training.

3.2 Decision Tree

Decision Tree or DTs consists of simple decision rules inferred from the data features
[27]. It likes a tree-like structure with internal nodes represented by rectangles and
leaves represented by ovals. The internal nodes have two or more child nodes and
it represents dataset characteristics; the branches represent the values of the char-
acteristics. Besides, each leaf contains a class related to the dataset. It trained with
a training set containing tuples to characterize the dataset with an unknown class
label. After that, the dataset to process information in decision-making [21]. DT
is a knowledge discovery process that included three phases, which are input, data
analysis, and output.

DTs use a white box model, which is a noticeable situation in a model, the condi-
tions are conveniently interpretable. Tree induction is a recursive top-down process
that produces results in graphical form and/or rules expressions. The type of prob-
ability distributions by class and predictive variables does not require any prior
assumptions [23]. It shows the attribute relationship nodes, branches, and children
in the sense of the structure of a tree and association rules for natural language
processing [28].

Therefore, in learning analytics, DT can visualize all the data regarding each
parameter and link to each other is needed in the learning analytics process to over-
come the problem faced by the students, instructors, and administrators. DTs algo-
rithms proved it is themost viable method based on accuracy, predictive power, faster
convergence, and can work with nonlinear and mixed predictor relationship datasets
efficiently [23].

Other than that, decision trees are often used to construct trees and find predictive
rules based on available data [18, 29]. DTs also good generalized and understandable
classifiers [21]. They proved it when DTs can show the good visual rules to observe
the influence of inputs variables and the correlations with the Final Grades [30].
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3.3 Ensemble Classifiers

EnsembleClassifiers are focused on solving the imbalance data that usually happened
in BigData. Even though fault or abnormal data is happened for very small compared
to normal data. This algorithm is the hybridization of two methods or techniques in
machine learning or other related techniques to get the impressive result at the end of
the classification training. It usually used to improve the execution time, accuracy, and
overcome the problem caused by the data such as an imbalanced dataset. Besides, the
increasing volume of data, computing resources may never be enough to analyze an
entire big data set all at once.Based on this reason, the researchers are looking forward
to finding out the best combination method for training the big data, especially for
real-time data.

Boosted Tree is one of the classic well-performed ensemble algorithms that
generate the final strong classifier by iterating weak classifiers through reweighting
the samples in each iteration process [31, 32]. Several algorithms have been studied,
but often boosting ensemble learning has yielded good results when solving the class
imbalance problem in different domains such as fraud detection, medical diagnosis,
and manufacturing quality control [33–35].

The Bagging scheme is an ensemble method that has been shown to have good
performance in precise classification. Indeed, to give a final prediction, it combines
the predictions of different training sets by a distinct model as the diversity is
increased [36].

For the weak and unstable classifiers, the Bagging method proved that it can
perform better than other techniques [36–40]. While RUSBoost or Random Under
Sampling is an algorithm of an applicable unequal group of data [41].

3.4 Evaluation Parameters

The evaluation parameters are very significant for training the algorithm; hence, the
most capable results can be revealing. The same type of evaluation parameters should
be used so that, every technique can be comparing based on the parallel estimation.

In this research, there are three evaluation parameters are accuracy, prediction
speed, and training time. Accuracy is the degree towhich the result of ameasurement,
calculation, or specification conforms to the correct value or a standard.

The accuracy is a measure based on the formula below [42]:

Overall Accuracy =
∑N

i=1 Ci, i
∑N

i=1

∑N
j=1 Ci, j
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4 Results and Discussions

The authors used 378,005 of the dataset about the students’ information related to
the virtual learning environment via Kaggle Online Dataset [25]. The dataset will
be going through Decision Tree and Ensemble Classifiers and be evaluated using
accuracy as the evaluation parameters.

4.1 First Training Using Decision Tree Techniques

At first, the research is done for Decision Tree by using Gini’s diversity index as the
split criterion based on the fixed learning rate = 0.1. Surprisingly, the result stated
the same results of accuracy, which is 68.8% as shown in Fig. 1. Even though it was
implemented five different types of a maximum number of splits, 100, 500, 1000,
5000, and 10,000 and cope with the large dataset.

4.2 Decision Tree Techniques

Based on the result in Fig. 1, the authors tried an alternative to change the split crite-
rion of theDecision Tree. Figure 2 shows the accuracy of theDecision Tree technique
using the Twoing Rule with the same learning rate = 0.1. Besides, the training also
is done using the three types of Boosted Tree, Bagged Tree, and RUSBoosted Tree.
The training is done based on five different types of the maximum number of splits,
which are 100, 500, 1000, 5000 and 10,000. All the ensemble classifiers are set up
using the same number of learners, which are 100, 500, 1000, 5000, and 10,000.

The Boosted Tree shows the highest percentage of accuracy, 99.6% for the
maximum number of splits, 10,000 compared to Decision Tree using Twoing Rule,
Bagged Tree, and RUSBoosted Tree. The RUSBoosted Tree has the lowest accuracy
at 40.2% for 100 maximum number of splits. Surprisingly, all the techniques are
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Fig. 2 Accuracy of decision tree techniques

increasing towards a more accurate percentage as the maximum number of splits are
increase even though the dataset is 378,005.

The Bagged Tree shows the small increase of each split. It starts from 61.5% of
accuracy until the maximum accuracy is 69.4%. Besides that, RUSBoosted presents
the difference of 35.9% between the highest and lowest accuracy. The highest is
76.1% of accuracy compared to 70.5% of accuracy for 5000 maximum number of
splits.

Accuracy is important to measure the effectiveness of the techniques while under-
going the training phase. In this research, the combination of Decision Tree with
the AdaBoost as Ensemble Classifiers with the increasing number of splits and the
number of learners has the highest accuracy compared to other techniques. It shows
that the highest number of splits and the number of learners can increase the accuracy
of the technique. The number of splits means that the roots are divided widely. The
increasing number of split helps training more effective and accurate results.

Accuracy is the first factor that is measured to choose the best classification
technique. The accurate results can give the impact and solution for classification
technique especially when it is related to the large dataset.

In this research, Boosted Tree can be seen as the best potential of a combination
of Decision Tree with the other ensemble method. Even though it will take some
time and slower speed compared to the others, but, it can be the best method as it can
produce 99.6% accuracy of classification towards 378,005 datasets of VLE students.
Therefore, it can be a huge opportunity for the Boosted Tree to be implemented for
big data problems.

Besides, it proved that Boosted Tree can classify 99.6% accurately the student’s
information and the final examination results. The final examination results took
based on theVLE tests that the students took earlier. Hence, it will help the instructors
to find out the information of the fail students and monitor earlier to help the student



The Most Potential Decision Tree Technique to Classify the Large … 583

excellent in academics. Other than that, with accurate results, the administrator can
identify the most effective tools that can be used for VLE. Therefore, without notice,
the institution can have a better monitor VLE system and produce more excellent
students in the future.

5 Conclusion

Learning analytics is one of the fields that need a lot of datasets to be trained and
testing. This is due to the learning fields have many types of data to find out the
solution and innovative for future education.With the growth of technology, machine
learning is the opportunity for future inventions. However, machine learning contains
a lot of techniques. The Boosted tree is proved as the most potential of the ensemble
classifier based on Decision Tree and Adaboost. However, some improvement needs
to be inventing into the technique to get the fastest speed and shortest time during the
training period. The invention may be regarding the algorithm that can reduce the
time and improve the speed as it needs to increase the number of splits and learners
to get accurate accuracy. Therefore, it can be used widely in many fields to solve the
problems regarding big data.
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