
International Journal:
Interactive Mobile Technologies

JIM

6.2020

Papers
A Systematic Review of e-Service Learn-
ing in Higher Education

BIM-VR Framework for Building Informa-
tion Modelling in Engineering Education

Development of Sensor-Based Blind
Swimmig Aids

Development of SMASH Skills Training
Model on Volleyball Based on Interactive
Multimedia

A Systematic Review of Past Decade of
Mobile Learning: What we Learned and
Where to Go

Using Modern Education Technique in
Wasit University

DSDV Extension to Enhance the Perfor-
mance of Ad Hoc Networks in High Di-
verse-Velocity Environments

An Integrated ConceptualModel for m-
Government Acceptance in Developing
Countries: The Case Study of Jordan

Factors Affecting Indonesian Pre-Service
Teachers’Use of m-LMS: A Mix Method
Study

Multimedia Learning Modules (MLMs)
Based on Local Wisdom in Physics Learn-
ing To Improve Student Diagram Repre-
sentations in Realizing the Nature of
Science

Applying Concept Map to Game-Base
Concept Assessment

Design and Implementation of an E-
learning Platform Using N-Tier Architec-
ture

Short Papers
Development of LearningManagement
System-Based Blended Learning Model
using Claroline in Higher Education

The Use of AR-Assisted Storybook to Re-
duce Mathematical Anxiety on Elemen-
tary School Students

Development of LearningMedia based
on Android Games for Children with At-
tention Deficit Hyperactivity Disorder

Evaluating the Readiness Of Malaysian
Academic University Libraries Towards Li-
brary 4.0





Table of Contents—iJIM, Vol. 14, No. 6, 2020 

Table of Contents 
Papers 
A Systematic Review of e-Service Learning in Higher Education ....................................................... 4 
(Valerie Bukas Marcus, Noor Azean Atan, Sanitah Mohd Yusof, Lokman Tahir)  
BIM-VR Framework for Building Information Modelling in Engineering Education ....................... 15 
(Jing-Ying Wong, Chun-Chieh Yip, Su-Ting Yong, Andy Chan, Sien-Ti Kok, Teck-Leong Lau, 
Mohammed T. Ali, Essameldin Gouda)  
Development of Sensor-Based Blind Swimmig Aids .......................................................................... 40 
(Fajar Vidya Hartono, James Tangkudung, Abdul Sukur, Firmansyah Dlis)  
Development of SMASH Skills Training Model on Volleyball Based on Interactive Multimedia .... 53 
(Muhammad Suhairi, Moch. Asmawi, James Tangkudung, Achmad Sofyan Hanif, Firmansyah Dlis)  
A Systematic Review of Past Decade of Mobile Learning: What we Learned and Where to Go ...... 67 
(Muhammad Imran Qureshi, Nohman Khan, Syed Muhammad Ahmad Hassan Gillani, Hamad Raza)  
Using Modern Education Technique in Wasit University ................................................................... 82 
(Abdul Hadi Alaidi, Omar Yahya, Haider TH.Salim Alrikabi)  
DSDV Extension to Enhance the Performance of Ad Hoc Networks in High Diverse-Velocity 
Environments ....................................................................................................................................... 95 
(Mada’ Abdel Jawad, Saeed Salah, Raid Zaghal)  
An Integrated Conceptual Model for m-Government Acceptance in Developing Countries:  
The Case Study of Jordan .................................................................................................................. 115 
(Bassam A. Y. Alqaralleh, Ahmad H. Al-Omari, Malek Zakarya Alksasbeh)  
Factors Affecting Indonesian Pre-Service Teachers’ Use of m-LMS: A Mix Method Study ........... 137 
(Aman, Lantip Diat Prasojo, Muhammad Sofwan, Amirul Mukminin, Akhmad Habibi,  
Lalu Nurul Yaqin)  
Multimedia Learning Modules (MLMs) Based on Local Wisdom  in Physics Learning To  
Improve Student Diagram Representations in Realizing the Nature of Science ............................... 148 
(Warsono, Puji Iman Nursuhud, Rio Sandhika Darma, Supahar Supahar, Danis Alif Oktavia,  
Ahdika Setiyadi, Mas Aji Kurniawan)  
Applying Concept Map to Game-Base Concept Assessment ............................................................ 159 
(Chien-Hung Lai, Bin-Shyan Jong, Yen-Teh Hsia, Tsong-Wuu Lin)  
Design and Implementation of an E-learning Platform Using N-Tier Architecture .......................... 171 
(Nawar S. Alseelawi, Enas K. Adnan, Hussein T. Hazim, Haider TH. Salim Alrikabi, Khalid Waleed 
Nasser)  

Short Papers 
Development of Learning Management System-Based Blended Learning Model using  
Claroline in Higher Education ........................................................................................................... 186 
(Munir Tubagus, Suyitno Muslim, Suriani)  
The Use of AR-Assisted Storybook to Reduce Mathematical Anxiety on Elementary  
School Students .................................................................................................................................. 195 
(Muhammad Nur Wangid, Hendra Erik Rudyanto, Gunartati)  
Development of Learning Media based on Android Games for Children with Attention Deficit 
Hyperactivity Disorder ...................................................................................................................... 205 
(Maria Agustini, Yufiarti, Wuryani)  
Evaluating the Readiness Of Malaysian Academic University Libraries Towards Library 4.0 ........ 214 
(Sabri Mohamad Sharif, Ahmad Zam Hariro Samsudin, Anum Shafeera Amdan) 

iJIM ‒ Vol. 14, No. 6, 2020 3



Paper—A Systematic Review of e-Service Learning in Higher Education 

A Systematic Review of e-Service Learning in Higher 

Education 

https://doi.org/10.3991/ijim.v14i06.13395 

Valerie Bukas Marcus (), Noor Azean Atan, Sanitah Mohd Yusof, Lokman Tahir 
Universiti Teknologi Malaysia, Johor, Malaysia. 

valeriebukas92@gmail.com  

Abstract—E-Service Learning is a service-learning course when the instruc-

tion and/or the service occurs online gains popularity among educators as we 

are transitioning to online learning platforms. The current study presents a sys-

tematic review of papers on the research involved information and communica-

tions technology (ICT) in the service-learning project. Studies have noted the 

growing use of ICT in service-learning projects for various purposes such as for 

communication and collaboration, data collection, reflection, and instruction de-

livery. However, very little research analysed students’ engagement in this e-

Service Learning environment. Future research should be done to investigate an 

effective application of technology in service-learning courses, especially to at-

tain the attention of digital natives nowadays and engaging learners instead of 

merely using technologies in service-learning courses. 

Keywords—E-Service-Learning; Online Service Learning; Technology Inte-

gration 

1 Introduction 

Educational paradigm that shifts toward distance and technology-supported course 

delivery birthed e-Service Learning [1]. Originally, e-Service Learning existed when 

instructors feels that student is disengage in online learning platform. Thus, combin-

ing it with Service Learning pedagogy will be able to cater to this gap since the nature 

of Service Learning required students to interact with each other, and throughout the 

learning process. With such a promising educational setting, e-Service Learning has 

gained a lot of attention among Service Learning practitioners. While there is an 

abundance of literature on service learning, as there is on e-learning, the area of e-

service learning is still under-researched. Therefore, this article aims to study the area 

of research that has been explored in e-Service Learning so far. This study is vital as 

to date there is no systematic review presenting research trend in e-Service Learning 

despite the overwhelming claims stating that e-Service Learning bring benefits as 

much as traditional Service Learning. Major contribution of this article is to help 

fellow researchers that is interested in studying e-Service Learning regarding what 

current research has been done in e-Service Learning field, thus providing more in-

sights, keep themselves up to date with this field and suggesting future directions of e-
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Service Learning. To develop a relevant systematic review, the literature study was 

geared by the main research question- what has been studied in e-Service Learning? 

This study places its focus on the objective of e-Service Learning research that has 

been explored. A special focus was given to research of e-Service Learning in Higher 

Education setting because in this tertiary level, students will be equipped with skills 

that we aspired to produce – a future proof talents.  

2 Methodology 

The systematic review was conducted in line with the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA; see Figure 1). PRISMA is 

often referred to within the information science field. The PRISMA statement allows 

for rigorous search of terms related to research that has been done in e-Service Learn-

ing.  

2.1 Resources  

Electronic databases such as Web of Science (WoS) and Scopus were used to con-

duct literature searches with a related relevant keyword to identify articles (see Figure 

1). WoS is a robust database covering more than 250 field of studies and consisting 

more than 30000 journals meanwhile Scopus is one of the largest abstracts and cita-

tion databases of peer-reviewed literature and it provide extensive journal in social 

sciences such as education field.  

2.2 Identification 

The first phase identified keywords used for the search process. Relying on previ-

ous studies and thesaurus, keywords similar and related to e-Service Learning was 

used. 

Table 1.  The Search String 

Databases Keywords Used 

Scopus 

TITLE-ABS-KEY ( ( {e-service learning} OR {service e-learning} OR {e-service-

learning} OR {service learning online} OR {online service learning} OR {online 

service-learning} OR {service-learning online} ) ) AND (({service learning} AND 

{technology integration}) OR ({service learning} AND {ict})) 

Web of Science 

TS= ((“e-service learning” OR “service e-learning” OR “e-service-learning” OR 
“service learning online” OR “online service learning” OR “online service-learning” 

OR “service-learning online”)) AND ((“service learning” AND “technology integra-

tion”) OR (“service learning ”AND “ict”)) 

2.3 Screening 

Several inclusion and exclusion criterion are determined. First, in relation to litera-

ture type, article journals, book chapters and Scopus-indexed conference proceeding 
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are selected. Only articles in English are selected for review to avoid any confusion 

and difficulty in translating. Authors also only include article that is based on Higher 

Education setting. Selected article also must portray that they integrate technology 

during Service Learning phase. Then, each study was assessed against a set of inclu-

sion and exclusion criteria. Excluded studies were tabulated against reasons for exclu-

sion.  

Table 2.  Inclusion and Exclusion Criteria 

Criterion Eligibility Exclusion 

Literature Type Journal (research articles), book chapter, 
Scopus-indexed conference proceeding 

Journals (systematic review, review, meta -
analysis, meta-synthesis) 

Language English Non English 

Setting Higher Education High schools, primary schools, kindergarten 

Subject Area Integrate technology during Service Learn-

ing phase 

Did not integrate technology during Service 

Learning 

2.4 Eligibility 

The remaining articles resulted from screening process then are gone through the 

third process – eligibility. In this stage, authors manually examined all the articles 

thoroughly to ensure it fit the criteria determined. A full-text review was conducted 

for eligible studies, with the finalized set of published studies subjected to qualitative 

synthesis. Analysis was focused on specific studies that related to formulated ques-

tions. The data were extracted by reading through the abstract first then the full arti-

cles (in-depth) to identify appropriate themes and subthemes. Qualitative analysis was 

performed using thematic analysis in Nvivo 12 to identify themes related to research 

area that has been studied in e-Service Learning.  
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Fig. 1. A flow diagram detailing the application of PRISMA to the qualitative synthesis of 

published studies into e-Service Learning in Higher Education 

3 Results 

Ninety-seven published studies were identified as part of the systematic search 

with a final set of 20 studies included for qualitative synthesis. The review resulted in 

eight main areas in research regarding e-Service Learning in Higher Education set-

ting. There are students’ outcomes, challenges, success factors, impact, design and 

development, students’ perception, reflection and comparison. The results provided a 

comprehensive analysis on the research area that has been studied in e-Service Learn-

ing.  
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Table 3.  Results according to themes 

Author 
Students’ 

Outcomes 
Challenges 

Success 

Factors 
Impact 

Design  

&  

Develop-

ment 

Students’ 

Perception 
Reflection 

Compari-

son 

Purcell [2]     /    

Lawler [3]    /      

Garca-
Gutierrez 

et al. [4]  

    /    

Yusof [5]  /      /  

Griffin [6]     /    

Nielsen 
[7]  

 /       

Shah [8]      /    

Howlett 

[9]  

    /    

Helms 

[10]  

    /    

Saitta [11]      /    

Jia [12]   /       

Gasper-
Hulvat 

[13] 

   /     

McGorry 

[14]  

       / 

Marcus 

[15] 

/      /  

Guthrie 
and 

McCracke

n [16] 

      /  

Guthrie 

and 
McCracke

n [17] 

     /   

Salam 
[18]  

    /    

Chen [19]      /    

Fry [20]     /    

Ruso [21]      /    

Harris 

[22]  

   /     

 

Majority of studies reviewed focused on design and development of e-Service 

Learning and there are eleven of them [19][20][4][6][10][9][2][21][11][18][8]. A total 

of two studies focused on investigating students’ outcomes from the e-Service Learn-

ing environment [15][5]. These two studies mainly investigate students’ generic skills 

with the integration of e-Service Learning platform. Two studies discussed challenges 

in implementing e-Service Learning [12][7], meanwhile another two studies discussed 

the impact of implementing online service learning [13][22]. Apart from that, there 
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are also three studies that explores students’ perception towards e-Service Learning 

[17][15][5]. A study about students’ critical reflection [16], a comparison between 

online and traditional service learning [14] and success factors of e-Service Learning 

[3] resulted in one each. 

Table 4.  Results according to Methodology or Research Design 

Author Methodology/ Research Design 

Purcell [2] - 

Lawler [3]  Case Study 

Garca-Gutierrez et al. [4]  - 

Yusof [5]  Mixed Methods 

Griffin [6] - 

Nielsen [7]  - 

Shah [8]  Case Study 

Howlett [9]  Mixed Methods 

Helms [10]   

Saitta [11]  Case Study 

Jia [12]  Case Study  

Gasper-Hulvat [13] - 

McGorry [14]  - 

Marcus [15] Action research 

Guthrie and McCracken [16] - 

Guthrie and McCracken [17] Qualitative Method 

Salam [18]  - 

Chen [19]  - 

Fry [20] - 

Ruso [21]  Mixed Methods 

Harris [22]  - 

 

In term of methodology and research design stated, majority of the research paper 

implement case study followed by mixed methods, action research and qualitative 

method.  

4 Discussion 

Since e-Service Learning is quite new to educators, a lot of researcher focusing on 

proposing design and development for e-Service Learning. Transitioning from tradi-

tional face-to-face Service Learning to online platform can be quite troublesome and 

fear a lot of educators as they see online learning as a barrier [1]. Despite learners’ 

interest in e-Service Learning, there is too few examples of community engaged 

learning in fully online courses have been documented, hence resulting this trend of 

research area in e-Service Learning. 

M. Salam et al. [18] even proposed a technological framework for e-Service Learn-

ing and they suggest that educators should integrate suitable technologies in all phases 

of Service Learning depending on the nature and objectives of their projects. This is 

important reminder to educators since different project of Service Learning requires 
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different needs, and not “one size fits all”. Researcher hopes that the design and de-

velopment of e-Service Learning that they proposed will be able to help educators in 

making decision and plan what is the best implementation of e-Service Learning for 

their projects. Most importantly, Lawler et al. [3] highlighted that critical success 

factors to ensure successful implementation of digital technology service learning 

project are project management, strategy and technology and collaboration with or-

ganization. It is no doubt that E-Service Learning challenges educators to make full 

use of technology instead of replacing instructors with technology, focusing on design 

technology that conforms itself to the students’ need, allowing the redesign and ex-

pansion of learning activities and creation of new learning possibilities that were not 

available previously in traditional face-to-face Service Learning setting. Flexibility 

also played a key role for instructors and for students [6]. Instructors that interested to 

integrate technology in their Service Learning project had to be flexible, think crea-

tively and work through unexpected situations. In fact, these moments of technologi-

cal failure are opportunities to model resourcefulness and creative thinking for stu-

dents.  

While there is an abundance of literature on service learning benefits to student’s 

personal outcomes, the area of studies regarding students’ learning outcomes in e-

Service Learning is under-researched. In reality, e-Service Learning with technology 

rich environment is able to influence students’ learning outcomes especially their 

generic skills. This is proven in study by Yusof et al. [5] and Marcus et al. [15] as 

they found out students also gained generic skills such as online collaborative skills, 

teamwork, global citizen, scholarship and adaptability with the integration of e-

Service Learning platform. Thus, proved that hybrid strategy of service learning that 

combine both face-to face and online delivery can promote students’ generic skills. 

Nielsen [7] also reported that students in online technical communication classrooms 

develop professional skills, contribute to the classroom and community and take 

greater responsibility for their education through service learning activities. Overall, 

the use of technologies actually enhances students’ experiential learning process. 

Although it is reported that service learning with technology integration had many 

benefits, Jia et al. [12] explores few challenges that happened among preservice 

teachers such as limited communication with classroom teachers, conflict between 

classroom teacher expectations and project requirements, inadequate project orienta-

tion and instructor support. Either way, Service Learning can create an authentic 

learning experience among students that connect technology integration with teaching 

content provided that instructors support students with project orientation and valua-

ble feedback. Meanwhile, Nielsen [7] addresses three specific concerns that instruc-

tors in technical communication online service learning classroom encounter which 

are locating service opportunities, serving in isolated areas and enrolling and engaging 

non-traditional or part time students specifically when students need to find their own 

service placements. Nearly all the constraints discussed can be addressed with course 

planning and clear communication between all organization that involved. Course 

planning and communication are the most vital components in conducting online 

service learning classes.  
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Paper—A Systematic Review of e-Service Learning in Higher Education 

Despite study by McGorry [14] demonstrate that there is no significant difference 

in outcomes between the online and face-to-face models, implementing Service 

Learning online is able to cater to the needs of digital natives learners nowadays. Both 

setting produced similar outcomes but transitioning to online service learning will not 

just improve students’ personal development but also affecting their media literacy 

skills. As we are moving into era of globalization, future graduates are expected to 

access, analyze, evaluate, create, and act using all forms of communication. Media 

literacy is an essential skill in this digital skills and instructors should not be afraid of 

trying new methodologies suits with their own service-learning projects. As Internet 

technologies have become part of the daily communication pattern of a new genera-

tion of students, who see it as their natural environment in which to learn, play and 

work, thus it is important to expand students’ use of the global digital network from 

superficial social interactions towards activities which enable them to become active 

and informed global citizens [22]. 

Instructors that often concern with disengage student in their online service learn-

ing course may consider using reflection journals to help students to connect their 

service to learning in the coursework as suggested by Guthrie and McCracken [16]. 

They found out that students felt reflection was essential to learning in order to 

gain multiple perspectives and being introduced to a diversity of ideas. Most im-

portantly, students were empowered to assess their own individual learning goals and 

collaborate with others to make meaning of their service learning experience. Reflec-

tion process is so much easier and richer with the use of technology in e-Service 

Learning platform. Students that involved in e-Service Learning also reported a strong 

sense of learning from the open discussion. According to Guthrie and McCracken 

[17], active discussions and intentionally structured assignments support personal 

reflection and collaborative learning when implement within technology-rich learning 

environments. 

Apart from this, majority of the studies reviewed employed a case study method as 

they attempted to explore a unique and new phenomenon in educational area such as 

e-Service Learning. Most of the case study is an exploratory process and make use of 

interviews and self-reflecting documents such as reflection to gain insight regarding 

e-Service Learning. Garca-Gutierrez et al. [4] noted that the best way to access this 

learning experience would be a narrative method— that is, the students themselves 

would tell us, through a semi-structured report, about their own experiences. In this 

way, the students collected the information and their experience in a descriptive and 

reflective way in their field notes.  

5 Conclusion 

The findings of this systematic review suggest that research regarding design and 

development of e-Service Learning is the most highly researched due to the transition 

of traditional Service Learning to online Service Learning to cater the need of digital 

learners nowadays, and also to guide instructors that is interested to implement tech-

nology in their Service Learning course. This review has several limitations. Firstly, 
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our review was limited to two journal databases due to authors would like articles 

came from peer-reviewed journals. It is believed that related studies in e-Service 

Learning has been published in non-indexed journals and may be included in future 

research to provide extensive overview of research area that has been discovered. Our 

review was quite extensive, but some articles need to be excluded as authors have no 

access to it. Although there are few researches investigate the effect of e-Service 

Learning on students’ personal development, we believe that there is a need to dig 

deeper in researching about what happened among students during service learning 

especially when we are integrating technology. Any learning process involving tech-

nology and ICT often related with the lack of connection among learners and learning 

materials. Therefore, it is important for future research looking into students' engage-

ment with learning process and analyzing their social network among each other. For 

future studies, more guidance should be used in the project to help students reflect on 

their technology integration–related beliefs, knowledge, and skills. 
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Abstract—With the advancement of information technology, Building In-

formation Modeling (BIM) is evolving fast and play an essential role in Archi-

tecture, Engineering, Construction, Owner and Operators (AECOO) industry. 

Universities play an important role in the current BIM transition in construction 

projects as well as to embrace Industry 4.0. In this research, immersive Virtual 

Reality (VR) in BIM offer a unique, supportive environment for the user expe-

rience in visualizing and collecting data from the model. With Virtual Reality 

(VR), engineering education has a major breakthrough. Immersive interactions, 

stereoscopic 3D, real time multisensory simulations, virtual explorations, syn-

chronous communications, data analytics and visual analysis – all these are im-

possible without VR. VR offers a student-centred learning environment that 

promotes active and collaborative learning, situated within simulated real-world 

contexts.  

Keywords—BIM-VR Framework, Virtual Reality, Engineering Education 

1 Introduction 

Currently, Building Information Modelling (BIM) is introduced into the Architec-

ture, Engineering, Construction, Owner and Operator (AECOO) sector at a rapid pace 

and tends to be seen as a cutting-edge technology and processes. Engineering educa-

tion always strives to follow the interests of the construction industry and especially 

now BIM is a very important. According to Sabongi and Arch [1], the academic 

community moves more deliberately and thoughtfully to incorporate new technolo-

gies and to offer new courses. 

iJIM ‒ Vol. 14, No. 6, 2020 15

https://doi.org/10.3991/ijim.v14i06.13397
mailto:JingYing.Wong@nottingham.edu.my


Paper—BIM-VR Framework for Building Information Modelling in Engineering Education 

Universities must focus on the strategy of using BIM as an innovative technology 

to allow the acquisition of new skills for the students and prepare them for their future 

activities in a more competitive world. School is an important driver for the growth of 

BIM knowledge [2]. Students’ learning and teacher’s teaching can be enhanced by 

appropriate advance technology. Technology could encourage more independent and 

active learning among students [3]. A key reason for the use of technology within a 

learning situation is to enhance the quality of learning and teaching [4].  

Today’s students are the “digital generations”. They are born and grow up in a 

digital and technology-savvy world. Their learning styles have changed, e.g. prefer-

ence of multitasking and social media awareness. Education and technology are al-

ways interconnected so it would be important to explore how technologies could be 

embraced by education. The digital generations obviously love modern technologies, 

and are positive towards online education and learning with technologies. For this 

reason, the virtual reality (VR) technology is a step to bridge our pedagogy and com-

munication between the academia and nowadays students.  

BIM course was introduced to Year 3 Civil Engineering students since 2015 as an 

optional course at the University of Nottingham. Significant changes are being intro-

duced to BIM due to the major contribution of BIM in the AECOO industry. The 

course is to provide detailed knowledge and understanding of the fundamental con-

cept of BIM to be applied in the life cycle of buildings/ infrastructure, which includes 

planning, design, construction, operation and demolition.  

In addition, this module provides students with an opportunity to use digital design, 

planning, analysis and presentation tools to support the collaborative design and plan-

ning of a reinforced concrete building (e.g. an office building, a hospital, an airport 

terminal). Student work in groups on their design project to produce detailed architec-

tural/structural design and documentation. Autodesk Revit software is an intelligent 

model-based process to plan, design, construct, and manage buildings and infrastruc-

ture. Then, Revit model is brought into Virtual Reality space by Oculus Rift Touch. It 

helps to create an interactive walk-through and provide students with a realistic sense 

on the actual live in the simulated environment. BIM shows a building at every step of 

its development and illustrate design, construction, and materials in detail. The em-

bedded capacities of BIM make it a dynamic platform that allows multiple groups in 

different locations to work on projects.  

Precise planning along with technologies are essential to make this course success-

ful and effective to the students. It is essential to create interactive lesson for the new 

generation as they are growing up with technologies. Integration of the advanced 

technologies into BIM course teaching helps to deliver the course in more effective, 

engaging and interactive ways. It helps to improve the teaching and learning which 

would benefit both students and the University. In this research, VR will be integrated 

into BIM teaching and learning for an effective in and out of classroom engagement. 

The aim of this research is to explore the teaching and learning experience by inte-

grating Virtual Reality into Building Information Modelling (BIM) course in the De-

partment of Civil Engineering at the University of Nottingham Malaysia (UNM). A 

BIM-VR framework is designed for modelling the existing structures. The framework 

makes use of object-based parametric modelling software packages to develop a data-
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rich model for existing structures from extant documents and available knowledge. It 

is to reduce time, cost and increase quality in modelling of complete existing struc-

tures in terms of architecture, structural and interior design, mechanical, electrical and 

plumbing systems.  

This study acts as a stepping stone to help more educators at UNM to explore the 

potential benefits brought by VR in other educational settings. VR can be employed to 

give immersive experiences to medical students, mechanical engineering students, 

student pilots, etc. This will result in better graduates who are knowledgeable in their 

respective fields meanwhile opening for new research areas on certain subjects.  

In addition, students are able to experience the real construction process in BIM 

course with the integration of VR, prepare the future professionals who will be ex-

perts in BIM, good teaching and learning experience and hence improve the offered 

BIM course, and also to attract the outsider investors to invest in the BIM technolo-

gies to support the future BIM research. 

2 Literature Review  

2.1 Building Information Modeling (BIM) 

Building Information Modelling (BIM) is a terminology developed to illustrate a 

broad set of discipline-specific software packages that handle all phases in the project 

lifecycle (LC) [5], representing as a semantically enriched and consistent digital 

building models [6];[7]. It can also stand for building information management which 

the control of the processes in the built and used model [8] and for building infor-

mation marketing [9]d.  

On the other hand, others could argue that BIM is the process of creating infor-

mation about (future) building. This is even acknowledged in the BIM maturity levels 

[5];[10]. The US National Building Information Modelling Standard defines BIM as 

“A digital representation of physical and functional characteristics of a facility and a 

shared knowledge resource for information about a facility forming a reliable basis for 

decisions during its life-cycle; defined as existing from earliest conception to demoli-

tion” [11].  

BIM maturity levels are a broadly accepted concept in the understanding of BIM, 

where Level 0 utilizes only 2D drawings and shared among different stakeholders 

either in a digital or paper format, Level 1 typically consists of 3D conceptual CAD 

drafting and 2D CAD drawings for approval of building documentation and the 3D 

Model is not shared among project team members, Level 2 is distinguished by collab-

orative working, and requires "an information exchange process which is specific to 

that project and coordinated between various systems and project participants" [12], 

and Level 3 that represents the full collaboration between all disciplines by means of 

using a single, shared project model which is held in a centralized repository, in which 

all parties involved can access and modify with no risks of any clashes and conflic-

tions.  
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BIM software packages have provided the opportunity for interoperability, the abil-

ity to exchange/share information between separate computer programs without any 

loss of content or meaning [13]. They also couple project organizations together for 

an existing building [14], since in practice the benefits of BIM are based on the value 

added by the creation of an integrated model [5], which provides a resource for data 

sharing in a facility to enhance in facility management, operation and maintenance 

[15]. For instance, an air conditioning unit within a BIM would also contain data 

about its supplier, operation and maintenance procedures, flow rates and clearance 

requirements [15];[16]. 

BIM usage for existing structures has been widely studied in [17];[18] and its bene-

fits have been widely espoused. 

2.2 Virtual Reality (VR) 

Virtual Reality is commonly referred to as a set of technological devices which in-

clude ‘computers, head-mounted displays, headphones, and motion-sensing gloves’ 

[19]. It is a technology that immerses the user into a computer-simulated environment 

establishing the sense of being transported into an utterly distinctive reality. The use 

of VR in simulating structure buildings has been introduced multiple times in the past 

[20];[21];[22] as well as owing to the noticeable advancement of technology in the 

past couple of years. The implementation of VR in various applications nowadays has 

become smoother.  

Gaming development engines are used to facilitate the process of developing a VR 

environment, by using scripting languages such as ‘C#’ (C-Sharp) and ‘Javascript’ to 

manipulate objects in the three-dimensional (3D) reality. Scripting languages could 

also be merged with additional libraries to allow the retrieval of specific information 

from the database describing certain objects; the gaming development engines com-

pile these scripting languages into native codes to ensure fast and reliable perfor-

mance [23]. VR headsets are the hardware used to deliver the VR experience to the 

user, a head-mounted display (HMD) that allows the user to interact with the virtual 

environment in first-person view (FPV) with the help of tracking sensors. 

Schrader [24] has established ‘learning about technology’, ‘learning from technol-

ogy’, ‘learning with technology’ and ‘learning from technology’ which defines the 

different types of interactions either between the users and the content of the world or 

the users themselves [25]. VR system is developed to promote Engineering Educa-

tion. VR can be used in any teaching when the real thing is high risk, impossible, 

inconvenient, too time-consuming or too costly [26]. VR helps to create an interactive 

walk-through and provide students with a realistic sense on the actual live in the simu-

lated environment. With the VR, student’s motivation can be enhanced and make 

learning experience more interesting. In addition, VR helps to improve group work 

skill and self-directed learning in problem-based learning narratives [27]. 
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2.3 Integrating VR in BIM 

The need for VR in BIM is increasing due to the advantages and value added to the 

BIM environment. The use of VR improves visualization and provides an accurate 

height measurement of the user, this technique is achieved through usage of the track-

ing sensors, allowing a proper scaling with the actual dimensions of the building for a 

better sense of relativity, which immerses the user in the virtual environment giving a 

better sense of the surrounding lengths and heights e.g. the distance between two 

columns, or floor to ceiling height. As VR is making use of the height of the user in 

the virtual environment, different safety aspects can be assessed e.g. railings heights, 

such that assumption can be made on whether the building is safe to be used in its 

current condition in reality. 

Other aspects of safety such as routes and lengths of emergency paths [28] can be 

planned and tested in the virtual environment to allow sufficient time to escape by 

simulating the average speed and step length of a user. Moreover, this integration 

allows easier and faster viewing of the interior design of the existing structure. There-

fore, this technique provides an opportunity to assess the potential of any change or 

retrofitting processes that are planned in the future.  

Better visualization in VR provides better opportunity for application in the real es-

tate and property development industries. VR allows showcasing of properties to be 

sold or rented, as the estate buyer can go through the building in a tour to view every 

aspect and component of the building with its unique properties (e.g. different types 

of floors are identified as oak or concrete) remotely, without the need to directly visit 

the real estate company. Mobile access could also be implemented to allow different 

overseas consultants to visit the existing structure for facility management and 

maintenance procedures without the need to travel. Therefore, this technique reduces 

the transportation time, costs and efforts in presence of the VR headset without losing 

any of the essential BIM concepts and semantically rich models. 

Gee [29] has indicated that an immersive, intelligent and digital environment pro-

vides an improved platform in the area of education. In addition, Michael and Chen 

[30] have demonstrated that serious games (is a game designed for the benefit of the 

user and marginally the user’s entertainment) can provide the upcoming learners with 

an environment that motivates understanding and visualizing. Various research in this 

area recognized the benefit of some of the serious games in the education industry. 

3 Methodology 

3.1 Designed BIM-VR framework 

BIM-VR framework can be carried out with any computer-based VR headset, 

which consists of a head-mounted display and tracking sensors connected to a com-

puter device and wireless controllers. However, mobile-based VR headsets will not be 

compatible as they only operate with the restrictions limited to the ability of the mo-

bile phone placed in the HMD that does not have the ability in terms of processing 
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power to run the final application. Moreover, controllers are not widely available for 

commercial use in the case of a mobile-based VR headset.  

In this research, the chosen BIM software is Autodesk’s Revit ® which is widely 

used in the industry and can be used to export to formats that will be favourable dur-

ing the framework use. The computer graphics program used as a rendering engine is 

Autodesk’s 3DS MAX ® which is used to convert Autodesk material library (AMC) 

materials to standard materials, through an available converter plug-in, which can be 

processed and visualized in the game development engine. Other alternatives exist 

such as rendering through a third-party renderer named NVIDIA Mental Ray which is 

readily available in most versions of 3DS MAX ®, but it was discontinued after the 

2017 version.  

Unity ® is the game development engine used which allows manipulation and 

scripting to form a platform to move through the existing structure in first person 

view. It is also used to develop and integrate the 360° interior inverted spheres. In 

addition, Unity ® provides no restriction on tools that can be added through object-

oriented programming (OOP) using C# programming language in Unity® to convert 

to the VR. The hardware used to run the application produced by Unity® is Oculus 

Rift® CV1 consists of a HMD, 2 touch Controllers (one for each hand) and 2 infrared 

tracking sensors, which keep track of movement of the head and each hand.  

Oculus Rift® was chosen as it has a built-in headphone, which is useful in the im-

mersive environment when compared with its competitors that require an external 

headphone to simulate sounds. The touch controllers in the Oculus Rift ® can sense 

the movement of individual fingers. Therefore, Oculus Rift® provides a more realistic 

performance in the virtual environment. In addition, it provides wide range of availa-

ble resources and libraries that reduce the workload required to finish a specified task. 

Designed BIM-VR framework can be implemented using any BIM software, com-

puter graphics program (rendering engine) and game development engine. The gen-

eral flow of the designed BIM-VR framework is shown in Fig. 1. The framework is 

started with 3 different stages that are later combined into one model and accessed by 

the user; 1) Integrate VR into unity; 2) Create the visualization environment for the 

interior of the model; 3) Create the exterior BIM Model. The three stages were exe-

cuted parallelly as demonstrated by the flowchart and each stage is further explained. 

BIM-VR framework is designed to allow a brief description of items in the struc-

tures as the user line of sight crosses them e.g. provision of information for the mate-

rials used in the construction of the existing structure. It breaks the language barrier as 

it reduces the need for verbal communication and favors the visual communication of 

data and building related information through the data input into the database e.g. 

diameter, flow and pressure in a pipe is generated as a pop-up when the line of sight 

of the user meets the specified pipe. These data are extracted by using the scripting 

languages in the gaming development software by connecting to the dedicated server 

that inputs the data directly from the BIM software with the help of the corresponding 

BIM software Application Programming Interface (API). The main feature of the 

server is the data could be easily updated or appended by the user on the BIM model 

using the object based parametric software and directly viewed in the VR environ-

ment.  
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Designed BIM-VR Framework provides access to the BIM model and its data with 

no compatibility complications when transferring between two different BIM model-

ling software packages, thus eliminate the need of exporting the model into the Indus-

try Foundation Classes (IFC) format and imports it to view on the other software 

package such that it provides a readily executable file (EXE) format that can be 

viewed on any platform. 

 

Fig. 1. Flowchart demonstrating the general flow of BIM-VR framework 

Exterior and MEP modeling: The first step to produce a model of an existing 

structure in VR is to transfer the 2D extant drawings into a BIM modeling software on 

which architectural, structural, mechanical, electrical and plumbing models co-exist at 

the same time, without the need to model the interior design which is extremely time-

consuming and difficult to model with high accuracy unless point cloud-based meth-

ods which are of very high cost are implemented. Fig. 2 demonstrates the modelled 

exterior design of the Trent Building in the University of Nottingham Malaysia that is 

based on actual construction 2D CAD drawings. 
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Fig. 2. Exterior model in Autodesk Revit® Software 

Non-geometric information such as materials of building components is also add-

ed. The accuracy of the existing structure is viewed in VR. Therefore, the simulation 

is limited to the construction accuracy relative to the drawings at construction time, 

unless the drawings are updated after construction to produce an accurate representa-

tion of the existing structure. Modelling the exterior and MEP provides realism and 

better virtual environment as it allows the user to freely move in the first-person view 

and discover every element of construction in the existing structure. Fig. 3 shows a 

MEP system in one of the rooms of the Trent Building.  

 

Fig. 3. Sample Air Conditioning System for one of the rooms in Autodesk Revit® Software 

Exporting process: Exporting the Revit® 3D model to Filmbox format (.FBX) 

which is then imported in 3DS MAX® as shown in Fig. 4, ensures all desired objects 

in the existing structure are visible. For versions of 2017 and before a NVIDIA® 

Mental Ray®, plug-in readily exists in 3DS MAX® which uses ray tracing to render 

the model. Without this plug-in, textures will be missing in the model [31].  
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Fig. 4. Isometric view of exterior model in Autodesk 3DS max® 

The model is then exported to .FBX format again which can be directly imported 

into Unity® in assets. However, this method does not produce textures for all compo-

nents, so some textures are found to be missing. Material standardization is important 

to solve the problem of losing parametric information during the migration of a pro-

prietary model into the Unity® based virtual reality platform. A plugin-in automati-

cally identifies all the Autodesk material types inside the Revit model and standardiz-

es them based on Standard Material .So, the end result in Unity® can be visualized in 

Fig. 5 [32]. 

A set of tools is designed in the virtual environment to facilitate the users’ extrac-

tion of further detailed data. The provided toolkit contains  

1. Length-measuring equipment,  

2. Angle-measuring equipment,  

3. Simple Calculator and  

4. Material detecting equipment as shown in Fig. 5.  

The length-measuring tool calculates the distance between two points whereas an-

gle-measuring tool requires three points (A, B and C) and measures the respective 

angle between vector AB and vector BC. Simple calculator is added to assist the user 

with basic mathematical calculations, thus defying the need to remove the HMD for 

any calculations. In addition, a material detection tool is designed to identify the type 

of material incorporated into each building components in the existing model. A panel 

is also attached alongside the toolkit to guide the user on how to use each tool and 

automatically displays the returned results by the respective tool. This toolkit provides 

accurate data extraction technique from the existing structure while in the virtual 

environment with results of high accuracy that require no scaling or any form of ma-

nipulation.  
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Fig. 5. Overview of BIM in unity and the integrated tool-kit with its different components 

Interior design visualization: One of the most complex challenges in modelling 

an existing structure is modelling the interior design of an existing building. It is pos-

sible that certain brands of materials and components are not available when the mod-

eller need to use them according to the existing project specifications [33]. Moreover, 

the work is extremely time-consuming to model the interior design piece by piece for 

any existing structure and is difficult to yield a model that is perfectly accurate in 

comparison to reality due to the regular undocumented changes in buildings. Ibrahim 

and Krawcysk[34] have pointed out that we need to wait until new components are 

available on the market if a building is to employ creative and innovative design solu-

tions.  

Hence, BIM-VR framework introduces the concept of an inverted sphere which 

utilizes a low cost 360-degree camera. An algorithm is established in the game devel-

opment engine to project the 360-degree photos on a sphere in which the user is 

placed virtually in its centre. This advanced photogrammetric method ensures ex-

tremely high accuracy in comparison with all other commercially known techniques 

in nearly negligible time. The user can move smoothly in the interior of the existing 

building among pre-defined points to visualize the interior design with all its details. 

Moreover, the user with a press of a button can transfer to the free-movement envi-

ronment to view things beyond the photogrammetric ability of the 360-degree image 

viewer such as MEP systems, which are above ceilings and inside walls. In Fig. 6 all 

the inverted spheres used in the building are shown independently from the building 

structure from a bird-eye’s view. 

24 http://www.i-jim.org



Paper—BIM-VR Framework for Building Information Modelling in Engineering Education 

 

Fig. 6. Overview of all Inverted Spheres with different 360 images superimposed 

VR integration methods: Using the BIM-VR framework provided by Oculus® 

rift for Unity® game engine three game objects were uploaded to the virtual environ-

ment, and several scripts were applied to these game objects to further enhance the 

user experience while using the environment created.  

The first game object used is the first-person player controller (FPC), named in 

unity “OVRPlayerController”, which provides a full visual model for the user and 

allows free movement using the touch controller’s joystick for the user to be able to 

move freely inside the virtual environment while being able to view the surrounding 

through the head mounted display. The FPC game object is a parent object for 2 dif-

ferent game objects “ForwardDirection” and “OVRCameraRig”.  

Under the second game object there is the “TrackingSpace”, a game object, which 

consists of another 6 children objects of interest as they track the users’ left hand, 

right hand, left eye’s view, right eye’s view, center’s view, and the whole user by 

adding further game objects as children under the following objects; the position and 

properties of each object that will be inherited and further used thus the usage of an 

OOP-based language. 

The other two game objects used from Oculus® VR framework are the right 

hand’s and left hand’s controllers which were created by the oculus rift’s team who 

applied scripts to them by stimulating movement of the buttons and joysticks in the 

virtual environment when applied by the user in the real world. Both controllers were 

added under the respective child game objects under the FPC parent one, which can 

all be demonstrated through the Unity® screenshot in Fig. 7. 
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Fig. 7. OVRPlayerController game object with its children objects 

Helping the user to perform specific functions when prompted, Unity® class 

“MonoBehaviour” raycasts were used from the tip of the right-hand controller point-

ing to objects in the environment the concept of inverted spheres. Interior models 

further enhance the BIM by adding more realistic components to the existing structure 

and help the user in visualizing the actual environment. The main problem with mod-

elling the interior design is the lack of inventory of each interior model. These models 

differ in their structure and design; therefore, the designer is required to start creating 

the model from scratch since sometimes the documents related to this design are not 

provided [35] leading to increasing time, amount and complexity of the task. 

The concept of inverted spheres is introduced in the BIM-VR framework to help 

the designer add the interior model achieving the visual advantage of having the inte-

rior model in the BIM for the existing structure. The concept is achieved by using a 

360 camera that takes photos for the interior model of the building, and these photos 

are later added to the inverted spheres in the unity game engine which allows the user 

to move between these spheres in order to tour the building and examine the interior 

design of the building as well as transfer between the BIM, to observe the MEP, and 

return to the inverted spheres. Fig. 8 shows a zoomed in view on one inverted sphere 

with the relevant 360-degree photo superimposed. 

 

Fig. 8. A close view of one inverted sphere with its respective superimposed 360-degree image 
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The Unity® game engine already provides a sphere game object. However, these 

spheres need to be modified via a script written and added to the ‘Editor’ folder under 

the main ‘Assets’ folder in unity to create a new ‘InvertedSpheres’ object that helps 

the developer to use it later. 

The ‘InvertedSpheres’ class has a function that creates a graphical user interface 

(GUI) for the developer to choose the respective game object and to choose a certain 

radius of the sphere. This script also creates a mesh renderer that is applied to the 

inverted spheres. The main idea of this renderer is to invert the sphere so the user 

could stand in the center of the sphere and easily view the full 360-degree photo that 

covers the sphere by rotating using the HMD. An invisible plane is created to cover 

the whole sphere horizontally to provide a ground for the user to stand on while view-

ing the photos. Without this ground the user won’t be able to stand at the center of the 

sphere as the sphere is empty from the inside. Additionally, the movement script is 

updated to prevent the user from moving when in the interior design view inside the 

spheres; as for realistic view the user needs to be always at the centre of the sphere to 

see the photos that represent the actual interior design in a certain area or room. The 

invisible plane is created by using the plane game object in Unity® game engine and 

the application of s transparent material. 

After creating the inverted sphere, a material is created with the type of ‘Un-

lit/Texture’ and the texture added is the 360-degree photo captured. This material is 

used to further enhance the quality of the photo using a 360-degree photo viewer. The 

number of spheres is equal to the number of photos taken by the user according to the 

respective number of views of the interior the user wants to provide. 

The concept of movement between the spheres is achieved by adding extra invisi-

ble planes that are perpendicular to the horizontal plane. These planes are added de-

pending on the spheres surrounding the current sphere that the user inputted. The 

spheres are equally placed and each sphere has a certain position depending on the 

user input. When the user looks at a certain direction and this direction allows the user 

to move into a different view of the interior design the user is prompted to press a 

button in order to view to the next view, this is achieved by having a raycast checking 

which invisible plane is the user pointing too and if the button is pressed the user is 

transferred to the center of the targeted sphere; therefore, it allows different views of 

the interior design and generalizes the concept of movement between the spheres; this 

process is demonstrated in the flowchart in Fig.9. For presentation purposes in this 

flowchart, 4 directions are only added, but the user can add infinite number of direc-

tions, including up and down, using the framework. 
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Fig. 9. Flowchart demonstrating the controls programmed on both controllers 
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The switching between the interior views in the Inverted Spheres and the MEP (as 

shown in Fig. 10) in the model allows the user to retrieve information such as the 

specifications of MEP. 

 

Fig. 10.  Air conditioning system in the virtual environment and sample data extraction 

Using the IS the user can visualize the interior of the BIM model accurately, and if 

data is needed to be extracted interiorly the user will be able to access the BIM model 

and use the toolkit to access the data. Using this method, the developer does not need 

to design the interior model as the IS visualization concept is achieved using a 360 

camera to provide accurate results for the interior. 

3.2 Questionnaire survey 

VR has been integrated into BIM in teaching Civil Engineering through blended 

learning or hybrid virtual learning [36];[37]. Students are taught the fundamental 

concepts of BIM (e.g. life cycle of buildings - planning, design, construction, opera-

tion and demolition) and the functionality of BIM software. The 3D models in BIM 

allow students to feel space in a way that is not possible with traditional 2D drawings. 

Then, students can walkthrough and feel what it is like to be right inside the buildings 

that they have designed using Oculus Rift VR headset.  

In VR, students are getting an immersive 360-degree view and they can “walk 

around” their new designs, e.g. future house, buildings and renovations. The idea is 

that students can sit inside a classroom, but walk virtually inside the models (using the 

VR headset) and evaluate every nook and cranny of something that does not exist 

physically, e.g. concealed conduits, wiring and building services. The technology also 

enables virtual interaction between various stakeholders in a project (e.g. architects, 

engineers, consultants and quantity surveyors) and the central maintenance of all sorts 

of data, hence to provide a holistic approach to construction projects. The immersive 
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interactions in networked virtual environments are difficult or even impossible in 

traditional classrooms or lab settings. The level of immersion and control of learning 

experiences is not possible without VR. 

A data collection and survey were conducted to ensure the credibility of this study. 

Questionnaire survey was adopted in this project to explore the teaching and learning 

experience by integrating Virtual Reality into Building Information Modelling (BIM) 

course in the Department of Civil Engineering at the University of Nottingham Ma-

laysia (UNM). In this study, a quantitative survey is used to evaluate the students’ 

experience in using the BIM. The survey was developed from the review of the litera-

ture and what the researchers thought to be significant in exploring a new application 

software in engineering. The questionnaire was administered online using Google 

Form and it was designed with a 5-point Likert scale: 1 (Strong Disagree), 2 (Disa-

gree), 3 (Neither agree nor disagree), 4 (Agree) and 5 (Strongly Agree).  

The survey was divided into two sections.  

Section 1: Perception towards augmented reality and virtual reality 

Q1: I can virtually travel to places that I may not able to visit in future. 

Q2: I can travel through time and explore ancient civilization and construction 

industry. 

Q3: I can practice skills in a safe and non-threatening virtual environment. 

Q4: I am able to see and learn the hidden Mechanical, Electrical and Plumbing 

(MEP) features and thus enhance my understanding. 

Q5: I am able to learn the safe features in the construction. 

Q6: I can grasp Design concept more readily and retain the information for longer 

time. 

Q7: I am fully focused on learning content and removed from distraction. 

Q8: I am able to trigger my own creativity in design. 

Section 2: Learning experiences  

Q9: The objectives of the workshop were made clear/available to me. 

Q10: The teaching methods used in the workshop help me to learn. 

Q11: The method of assessment (coursework, practical, etc.) allows me to demon-

strate what I have learned on the workshop. 

Q12: The level of the workshop is about right. 

Q13: The workload on the workshop is about right. 

Q14: The teacher was approachable. 

Q15: The teacher was an able communicator. 

Q16: The teacher was patient in explaining things which seem difficult to grasp. 

Q17: The teacher retained my interest. 

Q18: The teacher was helpful and supportive. 

Q19: The teacher encourages me to take responsibility of my learning. 

Q20: Sessions were paced appropriately. 

Q21: I am satisfied with the venue and time allocation for the module. 

Q22: I am satisfied with the learning support provided by the teacher. 

 

Data Collection: The sample of study was drawn from undergraduate civil engi-

neering students registered in the BIM course. They are from year 1 to year 3 students 
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age 19-21. The quantitative survey was administered at the end of the semester upon 

completion of the BIM course. The BIM course was conducted in the form of a com-

pulsory BIM Group Design Project module in 13 weeks and 4 hours per week. The 

questionnaire was simple and it took approximate 10 minutes to complete. Students’ 

participation was based on voluntary basis and no coercion was used. This is to ad-

here to the research ethical conduct that all human subjects are choosing to participate 

of their own free will. In addition, ethical standards also protect the confidentiality 

and anonymity of the human subjects. There were 57 students responded to the survey 

and the respond rate was good.  

Data analysis: The data was analyzed using Microsoft Excel and IBM SPSS ver-

sion 25. Descriptive statistics was presented using the bar charts and some statistical 

analyses were performed to construe the data. 

4 Results and Findings 

4.1 Demographic information 

The students participated in this study came from a diversified spectrum of pro-

files. The students’ demographic information is shown in Table 1. Most of the stu-

dents participated in this study was male students (77%), Year 3 (65%) and Malaysian 

(81%).  

Table 1.  Students’ demographic information 

Gender Frequency Percent 

Male 44 77% 

Female 13 23% 

Year of study Frequency Percent 

Year 1 2 3% 

Year 2 18 32% 

Year 3 37 65% 

Citizenship Frequency Percent 

Malaysian 46 81% 

International 8 14% 

Missing 3 5% 

TOTAL 57 100% 

4.2 Virtual reality 

Data collected had shown that most of the students had positive perceptions to-

wards virtual reality (see Fig. 11). About 70% or more students agreed or strongly 

agreed that they could travel virtually, travel through time, practices safely, learn 

MEP features, learn construction safety features, grasp design concept, focus in learn-

ing and trigger design creativity. This approach to teaching has produced a positive 

impact on learning. First and foremost, students are relatively more enthusiastic to 
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improve their design models after finding out their weaknesses in virtual reality, 

which was difficult, if not impossible, in conventional architectural drawings. Apart 

from that, virtual reality promotes collaborative learning as it allows lecturers/students 

based in different geographic locations to collaboratively design, review, test and 

validate projects virtually. 

 

Fig. 11.  Students’ perceptions of augmented reality and virtual reality 

0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00

I am able to trigger my own creativity in

design.

I am fully focused on learning content and

removed from distraction.

I can grasp Design concept more readily and

retain the information for longer time.

I am able to learn the safe features in the

construction.

I am able to see and learn the hidden

Mechanical, Electrical and Plumbing (MEP)

features and thus enhance my understanding.

I can practice skills in a safe and non-

threatening virtual environment.

I can travel through time and explore ancient

civilization and construction industry.

I can virtually travel to places that I may not

able to visit in future.

Strongly Agree Agree Not Sure Disagree Strong Disagree
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4.3 Learning experiences 

Data collected had shown that most of the students had positive learning experi-

ences in the BIM course (see Fig. 12). About 70% or more students agreed or strongly 

agreed that the BIM workshop was useful, the teacher was an effective educator and 

the learning environment was encouraging. Apparently, the use of augmented reality 

and virtual reality in the BIM course had accommodated students’ diversity and moti-

vated them to learn. Every student learned differently. They possessed different kinds 

of mindsets and cultural backdrop, and therefore they memorized, thought, interpreted 

and understood things differently. Students have a unique blend of intelligences, ca-

pabilities and skills. According Gardner’s Theory of Multiple Intelligences [37], every 

individual differs in eight intelligences. For instance, a student may have strong spa-

tial skills but poor in linguistic. The integration VR learning is methodologically in 

conformity to Theory of Multiple Intelligences and supports diverse student needs.  

 

Fig. 12.  Students’ learning experience in BIM course 

0.00 10.0020.0030.0040.0050.0060.0070.0080.0090.00

I am satisfied with the learning support

provided by the teacher.

I am satisfied with the venue and time

allocation for the module.

Sessions were paced appropriately.

The teacher encourages me to take

responsibility of my learning.

The teacher was helpful and supportive.

The teacher retained my interest.

The teacher was patient in explaining things

which seem difficult to grasp.

The teacher was an able communicator.

The teacher was approachable.

The workload on the workshop is about right.

The level of the workshop is about right.

The method of assessment (coursework,

practical, etc) allows me to demonstrate…

The teaching methods used in the workshop

help me to learn.

The objectives of the workshop were made

clear/available to me.

Strongly Agree Agree Not Sure Disagree Strong Disagree
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4.4 Gender differences 

Mann-Whitney test had shown that there were no significant differences between 

male and female students in 21 questions except for Q4 (see Table 2). Female stu-

dents were significantly more capable in learning and understanding the hidden Me-

chanical, Electrical and Plumbing (MEP) feature in an augmented and virtual reality 

environment (p = 0.025). However, there were no gender differences in the other 

aspects of evaluations. 

Table 2.  Ranks of Mann-Whitney Test 

 Mean Rank for Gender  

Male Female Asymp. Sig. (2-tailed) 

Q1 28.76 29.81 0.819 

Q2 28.30 31.38 0.515 

Q3 28.50 30.69 0.648 

Q4 26.58 37.19 0.025* 

Q5 27.38 34.50 0.101 

Q6 28.18 31.77 0.432 

Q7 27.73 33.31 0.237 

Q8 27.69 33.42 0.209 

Q9 28.42 30.96 0.495 

Q10 28.50 30.69 0.609 

Q11 28.44 30.88 0.583 

Q12 28.34 31.23 0.539 

Q13 27.66 33.54 0.208 

Q14 29.85 26.12 0.410 

Q15 29.67 26.73 0.516 

Q16 30.07 25.38 0.251 

Q17 29.10 28.65 0.918 

Q18 30.98 22.31 0.059 

Q19 30.16 25.08 0.228 

Q20 27.53 33.96 0.154 

Q21 27.49 34.12 0.141 

Q22 28.56 30.50 0.655 

4.5 Year of study differences 

Kruskal-Wallis test had shown that there were no significant differences among 

Year 1 to Year 3 students in the 22 questions (see Table 3). This could imply that 

students regardless of year of study were positive towards the use augmented and 

virtual reality in the BIM course.  
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Table 3.  Ranks of Kruskal-Wallis Test 

 Mean Rank for year of study  
 Year 1 Year 2 Year 3 Asymp. Sig. 

Q1 34.25 27.36 29.51 0.764 

Q2 39.25 27.31 29.27 0.557 

Q3 37.50 22.28 31.81 0.067 

Q4 37.75 24.64 30.65 0.265 

Q5 37.50 27.67 29.19 0.626 

Q6 36.25 28.36 28.92 0.764 

Q7 42.75 27.22 29.12 0.378 

Q8 39.75 27.00 29.39 0.477 

Q9 29.00 29.00 29.00 1.000 

Q10 20.00 28.67 29.65 0.614 

Q11 17.75 28.56 29.82 0.491 

Q12 18.75 30.42 28.86 0.574 

Q13 21.00 30.56 28.68 0.670 

Q14 17.50 27.47 30.36 0.402 

Q15 20.50 29.92 29.01 0.678 

Q16 21.00 25.75 31.01 0.246 

Q17 28.50 31.08 28.01 0.742 

Q18 19.50 29.03 29.50 0.638 

Q19 26.50 26.92 30.15 0.676 

Q20 30.50 26.36 30.20 0.638 

Q21 28.50 24.53 31.20 0.266 

Q22 24.50 28.97 29.26 0.893 

4.6 The impact of virtual reality on civil engineering learning 

With virtual reality, engineering education has a major breakthrough. Immersive 

interactions, stereoscopic 3D, real time multisensory simulations, virtual explorations, 

synchronous communications, data analytics and visual analysis – all these are hardly 

possible without virtual reality. Virtual reality furnishes a student-centred learning 

environment that promotes active and collaborative learning, situated within simulat-

ed real-world contexts. Students could explore their intellectual curiosity in ways that 

are seemingly impossible in traditional classroom settings. The unique blend of virtual 

reality and live virtual interaction creates powerful and immersive learning experienc-

es that engage students in deeper learning. 

In this VR project, an effective student-centred learning approach is being fully uti-

lized. Learning of knowledge and skills is more meaningful when students are “learn-

ing by doing”, situated within the learning context. Unfortunately, the conventional 

classroom lectures are usually out of context; it is analogues to someone who learns to 

swim by reading a book, but never got in the water. In VR however, ones could ‘place 

themselves’ in the virtual world that simulates real-world experiences. VR promotes 

learning through a “situated learning” approach. In a situated learning context, stu-

dents develop knowledge and understanding by having concrete and hands-on experi-

ences built on realistic problems.  
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In VR, knowledge of skills, attitudes and culture in the Architecture, Engineering 

and Construction (AEC) industries can be constructed through problem-solving with-

in the virtual environments and communities. VR takes the BIM model to the con-

struction site, allowing students to learn from the first-person experience. This gives 

students a strong illusion of exploring and testing the viability of an architectural 

design, and working together with other construction professionals. The motivation 

behind situated learning is typically that students become participants in their own 

learning by deep interaction with other parties and vivid objects presented in the 3D 

landscape. The real-time feedback given by other parties, and the interactive envi-

ronments leverage knowledge construction. The same level of control and immersion 

is impossible without VR. 

VR allows students to explore different realities and alternate their learning experi-

ences (instead of sitting in classroom). Furthermore, such approach is beneficial for 

students who are physically disabled, and to demonstrate unrealistic and dangerous 

simulations. Students are engaged in “active learning” and the immediate engagement 

is useful in understanding complex engineering theories or concepts. Exploration and 

hands on approach aids in learning and better retention of knowledge and skills 

learned. 

This approach to teaching has produced a positive impact on learning. Firstly, stu-

dents are more excited and enthusiastic to improve their design models after “seeing” 

their weaknesses in VR, which was difficult, if not impossible, in conventional archi-

tectural drawings. Secondly, VR promotes collaborative learning. VR allows lectur-

ers/students based in different geographic locations to collaboratively design, review, 

test and validate projects virtually. 

5 Conclusion 

In conclusion, the BIM-VR framework provides an extensive and generic platform 

that promotes its use for any existing building. The application on the Trent Building 

in the University of Nottingham Malaysia is proof that the framework can be used 

generally for any existing building without the complications induced by modelling 

interior design piece by piece or any other time-consuming and ineffective methods; 

therefore, the 360-degrees inverted sphere can be an efficient substitute for these con-

ventional interior design modelling methods. Moreover, the integrated toolkit is an 

important tool for data extraction from the model through the HMD and the touch 

controllers. So, for future work this toolkit can be extended to perform other several 

tasks that assist the user in the virtual environment and eliminates the need for many 

site visits that can be either time-consuming or inefficient in terms of cost. The plat-

form can be improved in future research to introduce the ability to edit the BIM model 

in the virtual environment where this data is eventually communicated in real time to 

apply these changes in reality and on the actual model. The integration of the MEP 

systems in the model provides the opportunity for continuous monitoring of the vari-

ous systems which are embedded in the walls and are extremely difficult to monitor 

through other methods. In this area, a continuous monitoring mechanism can be im-
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plemented in the future to predict and locate any failures in the system and avoid any 

disasters.  
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Abstract—Blindness is a condition where the senses of vision are not func-

tioning (low vision) or overall (total blindness). Persons with visual impair-

ments are who can enjoy swimming with the help of sensors. The aim of the 

study was to create aids for sensor-based blind visual swimming that can be 

used during swimming exercises. The method used is a qualitative approach, 

the main data obtained through observation, questionnaires, interviews, and 

documentation and procedures of research and development used is the Borg 

and Gall model. This study is expected to contribute to blind swimming aids 

material products which are effectively used for swimming exercise skills. This 

study concluded that the product development sensor based blind learning 

swimming aids can be used for motion skills training for blind swimming ath-

letes. 

Keywords—Sensor, Blind, Swimming. 

1 Introduction 

Physical education and adaptive sports generally allow the realization of human 

life the possibility [1]of human organisms for full life, self-realization, social activity, 

and integration into society, with the help of motorized activities that are rationally 

organized as natural incentives for livelihoods, using retained functions, health re-

maining, natural sources, and mental strength. The emergence of disability can be 

motivated by health problems that arise from birth, chronic and acute diseases, and 

injuries that can be caused by accidents, war, riots, disasters, etc. It is estimated that 

there are 650 million disabled people in the world, around 10 percent of the popula-

tion. One thing over the last thirty years, life opportunities and opportunities for many 

people who have disabilities have changed dramatically especially in the fields of 

education, health and employment. Many disabilities are motivated by health prob-

lems, and on the contrary conditions of disability can also affect health. The health 

sector has a role as a preventive measure until rehabilitation. Sports Disability is a 

relatively new phenomenon but it is also one that specifically addresses the context of 

social inclusion so that it attracts a lot of political and academic attention. Physical 

education and adaptive sports generally enable the realization of the possibility of a 

human organism for full life, self-realization, social activity, and integration into soci-

ety, with the help of motorized activities that are rationally organized as natural incen-
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tives for livelihoods, using retained functions, remaining health, natural source, and 

mental strength. 

The ability of vision is very influential on the activities of daily life. The fault is 

physical activity or sports that can be carried out by people with blind people. Blind-

ness is a condition of sensory vision in a person with a partial vision (low vision) or as 

a whole (totally blind). This can occur before birth, at birth and after birth. One of the 

potentials that can be developed for people with special needs is through sports. Sport 

cannot be separated from human life, because human life consists of two aspects, 

namely physical aspects and spiritual aspects that cannot be separated, sports include 

swimming. Swimming is a form of versatile training for all persons with disabilities, 

because it can include therapeutic activities, play, achievement and fun. Swimming is 

a physical activity carried out in water. This sport has elements such as body shape, 

basic techniques of motion mechanism, mentality and physical condition as a unity 

that must be owned by someone to be able to float and move from one place to anoth-

er. Experience of researchers as a swimmer with special needs, especially people with 

visual impairments need a long time in providing basic swimming material. Another 

problem faced by researchers when training is when blind swimmers will make rever-

sals to finish. It needs to be helped by tapping repeatedly in each session. Practice 

requires that the trainer stay alert on both sides of the pool and drain energy if some 

athletes do the same and repeatedly. The ability of high mobility in all aspects of life 

is a dream for each individual, including those who bear blindness. This also affects 

people with disabilities in physical activity or sports. The researcher obtained results 

that: 

1. The unavailability of facilities and infrastructure specifically for swimming pools 

for persons with disabilities 

2. Disability swimmers are still few who have an interest in swimming 

3. Absence of disability specialty swimming clubs 

4. Trainers who handle disability swimmers are still very limited 

A sensor is a type of transducer that is used to change mechanical, magnetic, heat, 

light, and chemical quantities into electrical voltages and currents. Sensors are often 

used for detection when making measurements or controls. In the world of electron-

ics, sensors are a very important component, especially in the field of robotics. By 

definition, sensors are components that can be used to detect changes, whether physi-

cal changes or chemical changes. 

2 Literature Review  

Research is the activity of collecting, processing, analyzing, and presenting data 

carried out systematically and objectively to solve a problem or want to test a hypoth-

esis to develop general principles. The link between research and the development 

process requires an innovation. The UNESCO's Intergovernmental Committee for 

Physical Education and Sport (CIGEPS) believes that "swimming for all, swimming 

for life" (swimming for all, swimming for life) "project launched in collaboration with 
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the International Swimming Federation [2] is making a significant contribution to 

development humans because the impact is very large in terms of cutting the risk of 

drowning and water-related accidents caused by the inability to swim. Disabled Per-

sons are those who experience physical, intellectual, mental, and / or sensory limita-

tions for a long period of time in interacting with the environment can experience 

obstacles and difficulties to participate fully and effectively with other citizens based 

on the similarity of the rights of Article 5 paragraph (2 ) "Citizens who have physical, 

emotional, mental, intellectual, and / or social disorders have the right to receive spe-

cial education. 

Related to mobility also delivered by [3] Blindness can cause low physical work 

capacity, posture problems, orientation difficulties, depressions and problems with 

balance. Previous studies include information about these disturbances. Physical ac-

tivity possessed by blind people is explained in Disability and Health Journal [4] 

Children with visual impairments (VI) often reveal higher levels of sedentary time 

and lower levels of fundamental motor skills (FMS), health-related fitness (HRF) and 

physical activity (PA) than peers without visual impairments. (Aspenes, S.T., & 

Karslen, 2012) “Swimming is unique among sports in combining factors such as the 

simultaneous contribution of arms and legs to propulsion, water immersion, and prone 

position”. 

Especially for the Blind class explained according to [5] as follows: Sport Classes 

S/SB11-13 visual impairment. Athletes with a visual impairment compete in three 

sport classes from S/SB11 to S/SB13. (1) S/SB11: These athletes have a very low 

visual acuity and/ or no light perception. (2) S/SB12: Athletes have a higher visual 

acuity than athletes competing in the S/SB11 sport class and/ or a visual field of less 

than 5 degrees radius. (3) S/SB13: Athletes have the least severe visual impairment 

eligible for Paralympic sport. They have the highest visual acuity and/or a visual field 

of less than 20 degrees radius. In order to ensure a fair competition athletes in the 

S/SB11 sport class are required to wear blackened goggles. To ensure safety all 

S/SB11 swimmers must use a tapper, swimmers in the S/SB12 and S/SB13 sport 

classes may choose whether or not they wish to use one. 
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Table 1.  Swimmers with Vision Loss. [6] 

Disability Characteristic Effect on Stroke Technique Coaching Hints 

Inability to use vision to 
determine proper head 

position. 

Inability to see  
demonstrations. 

Reluctance to move hands 

and arms away from torso. 

Poor horizontal alignment (head 
too high or low). Poor lateral 

alignment (head not returned to 

neutral position after breathing). 
 

Inefficient stroke techniques. 

 

Inefficient stroke techniques, 

especially length of pull and 

distance of hand from torso 
during underwater pull. 

Use orientation and mobility techniques. 
Move swimmer’s head through desired 

movements. 

Use rich verbal descriptions. Move swim-
mer’s body through desired actions. 

 

Use resistance and assistive training such as 

hand paddles, stretch cords, and fins to help 

swimmer experiment with propulsion 

movements. Teach arm movements on swim 
bench. 

Inability to see end of pool 

and related fear of  
collision. 

Stroke technique deteriorates and 

speed decreases as swimmer 
approaches end of pool. 

Use tappers, sprinklers 

hanging from backstroke flags, or other 
methods to notify swimmer about end of 

pool. Teach swimmerto use stroke counts to 

estimate length of pool. Use padding in swim 
cap. 

 

For blind swimmers an assistant who knocks swimmers is needed, this is conveyed 

by [7] following: Visual impairment can range from complete blindness to partial 

sightedness combining loss of visual acuity and field loss. Adaptations to sport in-

clude a sound-emitting ball for goal ball or cricket or a tandem cycle with a sighted 

pilot rider. In swimming, an assistant taps the head or shoulder of the swimmer with a 

soft-ended pole to indicate the pool end to enable turning and finishing. Research can 

be divided into several forms, namely basic research, applied, evaluation, and devel-

opment. The division of research is based on the function and application in education 

and how long the results can be used. One research model that is relevant and can 

always be used is development research. Development research finds patterns, se-

quences of growth, change and especially has the intention to develop the object of 

research. 

3 Methodology / Materials 

The malfunctioning of the receiving channel of information in the sense of sight 

like a normal human being is an obstacle for people with visual impairments in carry-

ing out daily activities. The general term used for this condition is blind people. The 

ability of vision is very influential on the activities of everyday human life. People 

who have normal visual abilities can get more information than those who experience 

vision problems. Research and development is expected to provide solutions to pro-

vide answers to the problems faced. Development research procedures basically con-

sist of two main objectives, namely developing procedures for development research 

basically consists of two main objectives, namely developing products, and testing the 

effectiveness of products in achieving goals. Conceptually, the research and develop-

ment approach includes 10 general steps, as described [8] as follows: 
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1. Research and information collecting 

2. Planning 

3. Develop preliminary form of product 

4. Preliminary field testing 

5. Main product revision 

6. Main field testing 

7. Operational product revision 

8. Operational field testing,  

9. Final product revision 

10. Dissemination and implementation  

 

Fig. 1. Instructional Design R and D Borg & Gall 

The descriptions are as follows: 

3.1 Research and information collecting 

The first step of the preliminary study includes needs analysis, literature study, lit-

erature study, small-scale research and the required standard reports. 

• Need analysis and literature study there are several criteria including: 

o Are people who will be developed important? 

o Does the product have the possibility to be developed? 

o Do Human Resources who have the skills, knowledge and experience that will 

develop the product exist? 

o Is the time to develop the product enough? 

• The literature study is conducted for a temporary introduction to the products to be 

developed. This literature study was conducted to collect research findings and 

other information related to the planned product development. 

• Small-scale research conducted by developers has questions that cannot be an-

swered by referring to research learning or professional texts. Therefore, develop-
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ers need to do small-scale research to find out some things about the products to be 

developed. 

3.2 Planning research 

The second step in planning research includes: 

• Formulate research objectives 

• Estimating funds, energy and time 

• Formulate researcher qualifications and forms of participation in research. 

3.3 Design development (develop preliminary of product) 

The third step of design development includes: 

• Determine the product design to be developed (hypothetical design) 

• Determine the facilities and infrastructure needed during the research and devel-

opment process 

• Determine the stages of implementation of the design test in the field 

• Determine the task description of the parties involved in the study 

3.4 Initial field test (preliminary field testing) 

The fourth step of the initial field test is limited product testing including: 

• Conduct an initial field test of product design 

• Limited nature, both the substance of the design and the parties involved 

• Initial field tests are carried out repeatedly so that a decent design is obtained, both 

in substance and methodology. 

3.5 Revised limited field test results (main product revision) 

The fifth step is a model or design improvement based on a limited field test. 

Improvement of the initial product will be carried out after a limited field trial. At 

this stage of refining the initial product, more is done with a qualitative approach. The 

evaluation is more on the evaluation of the process, so that the improvements made 

are internal improvements. 

3.6 Extensive test (main field test) 

The sixth step is to test the product more broadly. This step includes: 

• Test the effectiveness of product design 

• The design effectiveness test generally uses the repetition model experimental 

technique. 
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• The results of the field test are processed in an effective design, both from the basic 

and methodological aspects. 

3.7 Revision of operational product revision 

The seventh step is the second improvement after a wider field test from the firs 

field test. The product improvement from the results of a wider field test will further 

strengthen the product developed, because at the previous field testing phase it was 

carried out with the existence of a control group. The design used was pretest and 

posttest. Besides improvements that are internal. This product improvement is based 

on evaluation of results so that the approach used is a quantitative approach. 

3.8 Operational field test 

The eighth step of the feasibility test should be carried out on a large scale. This 

step includes: 

• Test the effectiveness and adaptability of product design 

• Test of effectiveness and adaptability involving potential product users 

• The results of the field test obtained a design model that is ready to be applied both 

in terms of substance and methodology. 

3.9 Final revision of the final product revision 

The ninth step is the improvement of the product being developed. This refinement 

is needed to more accurately develop the product. At this stage a product that has a 

level of effectiveness can be accounted for. The results of the final product refinement 

have a reliable "generalization" value. 

3.10 Dissemination and final production implementation (Dissemination and 

implementation) 

Publish to accredited national journals and international journals referred to and 

provide/present research results through scientific forums, or through mass media. 

Product distribution must be done after going through quality control. 

The researcher chose the model from Borg and Gall to have the following reasons: 

1. Produce a product that has a high validation value through a series of field trials 

and validated by experts; 

2. Providing solutions to address needs in the field. 

3. Generate new knowledge and knowledge of products developed through theoretical 

and practical research in the field. 

4. Encouraging the creation of innovation processes based on current needs. 
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The thinking about blind swimming aids in this study is based on problems en-

countered in the field. The following is a table that presents the foundation for devel-

oping blind swimming aids products. 

 

 

Table 2.  Platform for the Development of Blind Swimming Aid Models 

Factual Conditions Obstacles Solution 

Disability swimming train-
ing especially blind people 

do not use the science and 

technology approach of 
swimming aids. 

The time the trainer is seized to give instructions 
to the swimmer when doing pleasure, reversal and 

finish. 

Creating and developing 
swimming aids that have 

quality by meeting aspects 

of originality, innovation 
excellence, safety, comfort 

and complete supporting 

data, so that clubs, athletes 
and coaches can use it to 

exercise and correct blind 

swimmers. 

Disability swimming train-

ing especially blind people 

do not use the science and 
technology approach of 

swimming aids. 

When making corrections and evaluations of one 

athlete, the other athletes are ignored considering 

the trainer must be upright and focus on just one 
athlete 

Creating and developing 

swimming aids at afforda-

ble prices for blind swim-
mers 

There is no single disability 

swimming club that has 

technology-based blind 
visual aids 

Beginner blind swimmers must be given special 

assistance in handling both a series of movements 

and direction. 

 

 Swimmers experience obstacles when doing 

swimming movements even in the trajectory that 
isdetermining the direction with a straight swim 

 

 Swimmers experience obstacles when doing 
swimming movements even in the trajectory that 

is determining the direction with a straight swim 

 

 Touch instructions from the trainer in swimmer 

swimming athletes do different reversals and 

finishes so that it is very influential on the swim-
mer's movements 

 

 

 

Based on the table above, it can be explained that the development of swimming 

aids for visually impaired disabilities is a solution to the practical problems of factual 

conditions and obstacles encountered in swimming practice. The following is an 

overview of the tools used so far. 

4 Results and Findings 

Disabled people involved in sports are the first and foremost athletes, and they 

have the same basic needs and dreams as other athletes. For them, coaching is an 

important factor in the experience of the quality of their sport. The development and 

success of exercise is almost always determined by several factors and perhaps even 
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more so for athletes with disabilities. Blind swimmers have many unique challenges 

to swimming, including the concept of swimming pool space, coaching methods, and 

the availability of tools. If this challenge is handled properly, then the problem faced 

will be a potential for the blind in swimming. The following swimming aids are avail-

able and have been used: 

 

Fig. 2. Swimming Aids For The Blind 

 

Fig. 3. Build a Swimming Aid System 

The following is a simple scheme of blind visual aids which is developed: 
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Fig. 4. Simple Scheme of the Blind Swimming Pool System 

The idea or idea of developing blind swimming aids is in accordance with the 

problems faced by researcher and it occurs in the field (swimming pool) where as a 

trainer has difficulty in giving instructions to athletes. The development of the tool is 

intended as an effort to meet the needs of assistive devices for athletes to improve 

swimming skills through the fulfillment of training facilities, so as to improve the 

quality of training and support the development of disability swimming sports. Prod-

ucts Swimming aids for blind people produced: 
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The results of the effectiveness test are as follows: 

The control group without tools there is a difference in swimming scores between 

pre- test and post-test at 11.25125 (in the Paired Samples Test table, mean column) 

with significance below (0.05) that is equal to 0.000, in other words that swimming 

exercises with no tools increase at 11.25125 or an increase of 10.05% from the pre-

test score (in the Paired Samples Statistics table, the mean column) significantly. 

Table 3.  Paired Samples Statistics 

Paired Samples Statistics 

 Mean N Std. Deviation Std. Error Mean 

Pair 1 Free_Test Without Tools 100.7100 8 19.72210 6.97281 

Post_Test Without Tools 111.9613 8 21.22119 7.50282 

 
Paired Samples Test 

 Paired Differences t df Sig. (2-

tailed) Mean Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence 

Interval  

of the Difference 

Lower Upper 

Pair 1 Free_Test Without 
Tools - Post_Test 

Without Tools 

-11.25125 4.24426 1.50057 -14.79954 7.70296 7.498 7 000 

 

The experimental group with a tool, the difference in swimming scores between 

pre-test and post-test amounted to 12.49875 (in the Paired Samples Test table, mean 

column) with significance below (0.05) that is equal to 0.000, in other words that 

swimming exercises using tools have increased amounting to 12.49875 or an increase 

of 11.32% from the pre-test score (in the Paired Samples Statistics table, the mean 

column) significantly. 

 
Paired Samples Statistics  

 Mean N Std. Deviation Std. Error Mean 

Pair 1 Free_Test with Tools 97.8813 8 19.67484 6.95611 

Post_Test with Tools 110.3800 8 19.79460 6.99845 

 
Paired Samples Test 

 Paired Differences t df Sig. (2-

tailed) Mean Std. Devia-

tion 

Std. 

Error 

Mean 

95% Confidence 

Interval  

of the Difference 

Lower Upper 

Pair 1 Free_Test with 

Tools  
Post Test with 

Tools 

-12.49875 4.29267 1.51769 -16.08751 -8.90999 -8.235 7 .000 

 

Looking at the data above, the group results without the mean tool are 111.9613 

and the results of the groups using the mean tool are 110.3800 (in the group statistics 
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table). From these data it can be seen that the value of the group using the tool is bet-

ter than the group without the tool. The difference is also reinforced by a significant 

value smaller than 0.05 (5%), which is 0.008 

 
Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Post Test Values Group A 8 111.9613 21.22119 7.50282 

Group B 8 110.3800 19.79460 6.99845 

Independent Samples Test 

 Levene's Test 

for Equality of 

Variances 

t-test for Equality of Means 

F ig. t df Sig. (2-

tailed) 

Mean 

Differ-
ence 

Std. Error 

Difference 

95% Confidence 

Interval of the Differ-
ence 

Lower Upper 

Value Equal variances 

assumed 

.709 .414 .154 14 .008 1.58125 10.26015 -20.42458 23.58708 

Equal variances 
not assumed 

  .154 13.933 .008 1.58125 10.26015 -20.43455 23.59705 

 

From the whole it can be concluded that the group without tools and groups using 

the tool showed the results of increased training. The group using the tool has in-

creased by 11.32% with a significant value of 0,000 and the group without tools has 

increased by 10.05% with a significant value of 0,000. From the two groups, it can be 

seen that the percentage increase between groups using tools and groups did not use a 

tool with a significant value of 0.008. 

There is a difference in the percentage of increase in training outcomes between 

groups without tools (10.05%) and groups using tools (11.32%), this indicates that the 

results of the increase in groups using tools are higher than those in groups without 

tools. This means that the blind swimming aids model has been proven to be effective 

in significantly increasing the swimming training results of blind athletes. 

5 Conclusion 

This study concluded that groups using tools have increased by 11.32% with a sig-

nificant value of 0,000 while groups without tools have increased by 0.05% with a 

significant value of 0,000. From the two groups, it can be seen that the percentage 

increase between groups using tools and groups did not use a tool with a significant 

value of 0.008. 
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Abstract—SMASH's skill is a technique that can be done by a person in a 

hard swooping towards your opponent to produce numbers. Interactive multi-

media technology is expected to be a guideline for athletes in looking at more 

variation models of SMASH. The aim of development research is to produce an 

interactive multimedia volleyball playing skill training model. The method used 

in this research is development research design by Borg and Gall. The approach 

used in this study is a qualitative and quantitative approach. This study is hoped 

to improve volleyball skills by looking at the interactive multimedia volleyball 

playing practice model. This study concludes that interactive multimedia-based 

volleyball skill playing model can be used in the actual application of exercises. 

Keywords—Interactive Multimedia, SMASH Skills, Volleyball. 

1 Introduction 

Technology has a very important role for the education process and also provides 

direction in the development of the world of education. The use of science and tech-

nology specifically in the development of packaging for interactive multimedia-based 

learning resources is needed for learning resources to be packaged in more interesting 

and more complete forms in their presentation. Multimedia is one of the supporting 

devices that can be used in this case. This is because multimedia technology includes 

several aspects that are synergistic, between text, graphics, static images, animation, 

film and sound. Multimedia technology will bring the new revolution of sport educa-

tion, education thought and education theory in colleges and universities during the 

multimedia period. Sport education need to gripe the chance to change the traditional 

education mind. In colleges and universities, bring multimedia technology into the 

education, rich the teaching content, combine various media techniques to arouse 

students’ learning interests with energy application to the teaching activities then to 

improve sport teaching in colleges and universities [1]. Understanding multimedia can 

be different from the point of view of people different. In general, multimedia is relat-
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ed to use of more than one type of media to present information. Multimedia in learn-

ing produces visual information that is already well known in the learning process. 

With average abilities, people learn 1% through what they feel, 1.5% through what 

they touch, 3.5% through what they smell, 11% of what they hear, but 83% of what 

they see [2]. This research also found that memory levels were 10% of what they 

wrote, 20% of what they heard, 30% of what they heard and saw 50% of what they 

saw and heard, 70% of what they heard and discuss [3]. The utilization of multimedia 

tools can offer a flexible way for players understand the actions for the taught skills. 

With this in mind, a deeper insight about the use of multimedia tools in sport [4]. 

Multimedia teaching systems can effectively achieve resource sharing. Without space 

and time limits, students can rationally manage their time according to their time [5].  

Through multimedia in the form of images, animations, and videos, supporters of 

interesting and attractive teaching and learning activities [6]. In his research stated 

that one of the right media and can be used in facilitating the learning process of vol-

leyball is with the help of learning multimedia in the form of CD (Video Compact 

Disck). Multimedia learning is the type of learning provided. Students will be able to 

use this multimedia learning as a source of independent learning [7]. Multimedia 

technology brings a new revolution in sports education, educational thinking and 

educational theory in colleges and universities. Sports education needs to change from 

the mind of traditional education. In college, multimedia technology in the field of 

sports has an impact on education, many contain the content of the teaching and learn-

ing process, combining various media techniques to trigger students' interest in learn-

ing with applications so as to energize teaching activities then improve sports teaching 

in higher education. The appropriate use of media adds to the usefulness of a technol-

ogy where in education it is inseparable from touch and technological progress. Many 

benefits can be obtained in the use of multimedia technology because this multimedia 

technology is able to overcome learning difficulties. States that the use of interactive 

multimedia in learning is also very possible to improve the expected thinking skills. In 

general, the benefits that can be obtained through the use of interactive multimedia is 

that the learning process can run more interesting, more interactive, the amount of 

teaching time can be reduced, the quality of student learning can be improved and the 

teaching and learning process can be done anytime, and can improve students' reason-

ing abilities [8]. Furthermore, the use of multimedia is aimed to overcome the limita-

tions of space, time, and distance during the learning and training process [9]. Volley-

ball is a complex sport, so in volleyball learning if a teacher is lacking in developing 

creativity, students will have less of interest in participating in learning process. in the 

game of volleyball smash is a punch technique that is most needed. The effectiveness 

of the smash is influenced by physical ability and mastery of attack skills. [10]. It is 

expected that interactive multimedia in training or learning will be more effective and 

efficient so that achievements in the field of sports can be maximal or achievers espe-

cially in mastering the skills of playing volleyball. Mastery of volleyball skills is 

needed to make the game can run well. The skills can be in the form of skills: service, 

bottom pass, top pass, smash and block. Smash is a swooping, sharp and fast punch. 

By forming a punch attack hard when the ball is on the net, to be inserted into the 

opponent's area. The display of volleyball skill training models with print media and 
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interactive multimedia Compact (VCD) outside of hours of practice in a relaxed state 

is expected to be able to help the process of understanding the concept of volleyball 

playing techniques so that the field can see the training model showing the skill of 

playing volleyball and for novice players, it will increase their knowledge by watch-

ing various techniques of playing volleyball well. 

The following is a comparison of the renewal of the learning model (old training 

model) and the new one with interactive multimedia-based. 

Table 1.  Comparison of renewal of old and new training models with interactive multimedia-

based. 

Old New 

Train based on the experience of the coach Use a volleyball guidebook 

There is no interactive multimedia video There is interactive multimedia video 

Variations The exercises given are not sequential 

from easy, simple to complex movements 

Using the correct sequence of exercises from easy, 

simple to complex 

Monotonous exercise, less fun (lack of variety) Many choices of variations of practice 

Athletes or students do not know previous experi-

ences 

With video athletes or students can find out the 

model that will be applied during training 

Limited learning athletes (only in meetings) Student athletes can learn more about the movements 

and techniques of volleyball training offline. 

Access dependency No dependency access (can be accessed offline) 

There is no complex tutorial (VCD and textbook) With multimedia VCDs and textbooks athletes or 

students can study independently 

 

Related to the information, it shows that it is necessary to develop an interactive 

multimedia-based training model which can later be used as a solution to facilitate 

students in learning to play volleyball more effectively. 

2 Literature Review 

Research and development (Research and Development) according to Borg & Gall 

is a process used to develop and validate educational products. Development research 

finds development patterns, sequences of growth, change and especially has the inten-

tion of developing teaching materials for universities. Model development is the result 

of research oriented to product development results. A model is a description of a 

mindset. A model usually describes the whole concept that is interrelated [11]. This 

Development Model uses a system approach model, namely by principle, a stage will 

receive input from the previous stage and produce output for the next stage, so that all 

components work together to produce an effective learning [12]. Also explained that 

research and development is a process or steps to develop a new product or perfect an 

existing product which can be accounted for. Interactive multimedia becomes an ap-

plication of learning that utilizes technological advancements that can arouse 

thoughts, feelings, attention, and willingness to occur in learning processes that en-

hance skills [13]. Is a research method used to produce certain products, and test the 

effectiveness of these products [14] According to States that development research is 

a study that aims to develop a new product or perfect an existing product [14]. States 
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that "Development research is research that is used to create new products and can 

develop products that have supported the analysis of needs that contain in the field 

(observation, interviews, initial needs questionnaire) [15]. 

Multimmedia is the use of a computer to present and combine text, grapics, audio, 

and video with links and tools that let the user navigate, interect, create, and com-

municat” [16]. Multimedia is defined as a combination of several media which is used 

to convey information in the from of text, graphics or graphic, movie, video, and 

audio animation. Multimedia includes hypermedia and hypertext. Hypermedia is a 

presentation media that includes text, silent grapics of animationm movie, video, and 

audio [17] Multimedia is an integration of two or more integrated media formats such 

as texts, images, graphics, souds, animations, and videos to feed information into 

computer systems [18]. This integration as a whole displays information, massages, or 

lesson contents. Throught these combined media, learning activities are rendered 

more interactive and reflect everyday life experience. Multimedia is a combination 

between several documents, text, art, sound, animation, and videos that are delivered 

through computers or electronic and digital equipment [19]. Smash is a way to play 

the ball efficiently and effectively in accordance with the rules of the game to achieve 

a hard hit aimed at releasing an opponent's game to produce points [20]. 

3 Methodology / Materials 

Development research is a research approach that is linked to work design and de-

velopment and has a purpose for designing in a training environment and strives for a 

scientific understanding of fundamentals. 

 

Fig. 1. Stage of Design Risearch and Development Walter R. Borg and Meredith D. Gall. 

Components in system approach models according to Walter R. Borg and Meredith 

D. Gall consist of 10 stages, namely: 

1. Preliminary study (Research and Information Collecting) 

2. Planning research 

56 http://www.i-jim.org



Paper—Development of SMASH Skills Training Model on Volleyball Based on Interactive Multimedia 

3. Design development (Develop Preliminary of Product) 

4. Early stage trials (Preliminary Field Testing) 

5. Revised Limited Field Test Results (Main Product Revision) 

6. More extensive product testing (Main Field Test) 

7. Revised Result of Broader Field Test (Operational Product Revision) 

8. Feasibility Test (Operational Field Testing) 

9. Final Revision of Final Product Revision Results 

10. Dissemination and Implementation of Final Products (Dissemination and Imple-

mentation) 

Based on the understanding of the development of learning models, there are at 

least four characteristics, namely: 

1. Goal oriented 

2. Conditions 

3. Systematic 

4. Evaluation and revision 

Each model designed and developed is preceded by the existence of a clear objec-

tive formula. 

Research on the development of interactive multimedia volleyball skills training 

models specifically has several objectives including: 

1. Develop a design plan for interactive multimedia volleyball skills training models 

2. Obtain empirical data about the effectiveness and efficiency of the results of devel-

oping interactive multimedia volleyball skills training models. 

The development research procedure basically consists of two main objectives, 

namely developing the product, and testing the effectiveness of the product in achiev-

ing the goal. Adaptation is realized in the form of technical planning goals and types 

of activities to be carried out in each stage. If the ten steps of research and develop-

ment are followed correctly, it will be able to produce an educational product that can 

be accounted for. These steps are not the standard things that must be followed. It can 

be adjusted to the needs of the researcher. The characteristics of the model developed 

are training models of interactive multimedia volleyball smash skills specifically 

having several objectives including: 

1. Develop a model design of interactive multimedia volleyball skills smash training 

2. Obtaining empirical data about the effectiveness and efficiency of the results of the 

development of an interactive multimedia volleyball smash skill training model. 

4 Results and Findings 

The results of the development of this interactive multimedia-based volleyball 

smash skill training model are products in the form of printed books and * .exe soft 

files which are packaged in the form of VCDs. Interactive multimedia volleyball 
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based smash skills training models include, text, images, animations, and videos as 

well as knowledge quiz score analysis of volleyball. The research implementation of 

this interactive multimedia volleyball smash training model is generally divided into 

eight main stages, namely: 

1. Research needs analysis 

2. Product preparation 

3. Expert validation and phase I revision 

4. Small group trials 

5. Revisions stage II 

6. Large group trials 

7. Operational revisions 

8. Product effectiveness test 

The following will present data on the results of research and development: 

Table of results can be seen in the attachment. 

Table 2.  Results of need analysis Analysis of interactive multimedia based volleyball training 

models. 

No. Questions Score Total Score % 

1. Have you ever attended volleyball lectures 60 60 100 

2. Are you a volleyball player 28 60 46,66 

3. Do you master all the techniques of volleyball 24 60 40 

4. Does the trainer use a fariative model in practice 25 60 41,67 

5. Is the model used by the trainer already varied 20 60 33,33 

6. Does the coach ever provide interactive multimedia to help you practice 0 60 0 

7. Do you feel the need to develop volleyball skills training models 60 60 100 

8. 
Do you feel that there are needs to be an interactive media that helps 

you better understand volleyball games and better master their skills 
60 60 0 

 

From the results of the needs analysis above, there are several important points that 

are key to the need for development to be carried out. Among other things, that: 

1. Out of 60 100% students said the trainer had never provided interactive multimedia 

to help practice 

2. Out of 60 students 41.67% of students stated that the model used by the trainer 

when practicing was still not varied 

3. From 60 students 100% stated that there was a need to develop volleyball skills 

training models 

4. Of 60 100% students felt the need to develop interactive multimedia volleyball 

skills training models 

Whereas, based on the results of observations conducted by researchers, it has not 

yet been revealed that the practice media in the form of video and interactive, and the 

models used still use conventional drill models. 

For development planning the researchers worked with multimedia experts, vol-

leyball lecturers, and volleyball coaches with National tutoring, to obtain a training 
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model for smash skills in interactive multimedia volleyball. At each stage of research 

and development, there are design steps and its explanations are described and modi-

fied in accordance with the objectives and conditions of the actual research. Follow-

ing are the stages of the model development plan: 

 

Fig. 2. The flow illustrated above is a path that has been modified by the researcher. The flow 

used is adjusted to the actual field conditions. Taking into account the availability of 

time and funds, a number of steps will be modified but not out of the chosen path. The 

flow is the flow of research and development by Borg and Gall and combined with the 

development of Luther's interactive multimedia model by Sutopo [21].  

The following is a description of the stages of each model development plan: 

Stage 1 

1. Conduct research and data collection for initial research or need assumptions for 60 

students of Physical Health and Recreation Education. 

2. Development planning is done by determining objectives, limiting the scope, and 

preparing a trial plan. 

Stage 2 

1. Develop the initial product, which is then evaluated by 3 media experts, 3 volley-

ball experts. The development of interactive multimedia products refers to six stag-
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es of multimedia, namely: concept, design, collecting materials, assembly, testing, 

and distribution. 

Stage 3 

1. Small group trials, using 12 student subjects in Physical Health and Recreation Ed-

ucation. 

2. Product revision (according to the results of the analysis on small group trials). The 

product refinement process still refers to six stages of interactive multimedia con-

cepts: concept, design, collecting materials, assembly, testing, and distribution. 

3. Field trials (large groups) using 60 subjects of Health and Recreation Physical Ed-

ucation students, with 60 or more respondents. 

4. Make product revisions according to the results of large group trials. The product 

refilling process still follows the interactive multimedia concept: concept, design, 

collecting materials, assembly, testing, and distribution. 

5. Conduct operational trials to determine product effectiveness. 

Table 3.  Expert Evaluation and revision Phase 1. Interactive multimedia products that have 

been created are evaluated by media experts 

No Assessed Aspects X Xi Percentage Category 

1 

Multimedia graphic design      

The opening view 12 12 87,5 Good 

The design of images, text and icons 

on each menu is interesting to gener-

ate interest in learning 

11 12 100 

Good 

Background design on each menu is 

interesting to generate interest in 

learning 

11 12 75 

Good Enough 

Clarity and accuracy of text size 10 12 100 Good 

The image size on each frame and the 

icon on the menu is precise and clear 
11 12 91,7 

Good 

Contrast between background, text 

and images 
11 12 91,7 

Good 

The size of the video frame is precise 

and clear 
11 12 91,7 

Good 

The overall exploration of multimedia 

graphic design 
12 12 100 

Good 

2 

Animated graphics and sound effects      

Animation changes the color of the 

button when highlighted 
10 12 83,3 

Good Enough 

Transition animations between frames 

when moving from one menu to an-

other 

10 12 83,3 

Good Enough 

Opening animation at the beginning 

of the template (when auto run) 
11 12 91,7 

Good 
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Animation when closing the applica-

tion 
10 12 83,3 

Good Enough 

The sound effect of the button when 

highlighted is clearly heard 
12 12 100 

Good 

The video sound is clear when play-

ing 
11 12 91,7 

Good 

3 

Combination of images, sounds and videos      

Background color combination with 

text 
12 12 100 

Good 

Back sound combination with video 

sound 
11 12 91,7 

Good 

Back sound combination with button 

sound effects 
11 12 91,7 

Good 

Position of each menu 12 12 100 Good 

Placement of video frames 12 12 100 Good 

Placement of video frames 12 12 100 Good 

4 

Ease of use      

How to choose a menu by clicking on 

the menu in question makes it easier 

for students to operate multimedia 

12 12 100 

Good 

How to turn off and turn on music 12 12 100 Good 

The way to get out of the application 

is easy to understand 
12 12 100 

Good 

Overall operational ease 12 12 100 Good 

Total 271 288 94,09 Good 

Average 11,29 12 94,09   

 

Based on the evaluation of learning technology developed on interactive multime-

dia, there are four main assessment variables namely multimedia graphic design, ani-

mation and sound effects, a combination of sound and video images, and ease of use. 

Based on the data presented above, the results show that interactive multimedia 

products of volleyball skill training models obtain a total score (X) of 271 from the 

maximum score (Xi) 288 with a percentage of 94.04, which means that overall the 

product meets the Good criteria so that it can used in actual learning. Based on the 

data presented above, the results show that interactive multimedia products of volley-

ball skills training models are appropriate for use in actual learning. 
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Table 4.  Trial small groups of interactive multimedia volleyball practice media models. 

No. Item X Xi Percentage Category 

1. 
Completeness of the smash training 
model in increasing students' 

knowledge and skills 

3.71 4 92.75 
Good  

2. 
The accuracy of the training model 
with the concepts of volleyball smash 

skills 

3.79 4 94.75 
Good  

3. 
The accuracy of the description on 

each volleyball training model 
3.81 4 95.25 

Good  

4. Video accuracy 3.75 4 93.75 Good  

5. Multimedia graphic design 3.78 4 93.25 Good  

6. Animated graphics and sound effects 3.71 4 92.75 Good  

7. 
Combination of images, sounds and 

videos 
3.67 4 91.75 

Good  

8. Ease to use 3.81 4 95.25 Good  

Total 30.03 32 93.81  Good 

 

The results of the trial of a small group of interactive multimedia volleyball smash 

training models obtained from 12 students were obtained based on student responses 

consisting of 8 main variables namely; model completeness, model accuracy, accura-

cy of description, accuracy of video, graphic design, animation and sound effects, 

combination of images, sound and video and ease of use that gets a score of (X) 30.03 

from maximum score (Xi) 32 which means good average with a percentage of 93.81% 

in the good category, so that it can proceed to large group trials. 

Table 5.  Revision Phase 2 for interactive multimedia-based training models from volleyball 

experts. 

No. Item 
Average of 

item 
Xi Percentage Category 

1 
Completeness of training models in increasing 

student knowledge and skills 
3,78 4 94,50 Good 

2 
The accuracy of the training model with the 

concepts of volleyball smash skills 
3,81 4 95,25 Good 

3 The accuracy of the description on each model 3,67 4 91,75 Good 

4 Video accuracy 3,74 4 93,50 Good 

5 E-learning graphic design 3,79 4 94,75 Good 

6 Animated graphics and sound effects 3,83 4 95,75 Good 

7 Combination of images, sounds, text and videos 3,83 4 95,75 Good 

8 Ease of use 3,83 4 95,75 Good 

Total 30,28 32 94,63 Good 

 

The revision of phase II of an interactive multimedia volleyball training model ob-

tained from the responses of volleyball experts and media experts consisting of 8 

main variables, namely; completeness of the model, accuracy of the model, accuracy 

of description, accuracy of video, graphic design, animation and sound evaluation, 

combination of images, sound and video and ease of use that obtains a score of (X) 
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30.28 from a maximum score (Xi) 32 which means good average with a percentage of 

94.63% with a good category, so it can be concluded that this product can be used in a 

larger group trial. 

Table 6.  Trial Large Group media interactive multimedia volleyball practice media model. 

No. Item 
Average 

on item 
Xi 

Percent-

age 
Category 

1. 
Completeness of the smash training model in increasing 

students' knowledge and skills 
3,88 4 97 Good 

2. 
The accuracy of the training model with the concepts of 
volleyball skills 

3,86 4 96,5 Good 

3. The accuracy of the description on each model 3,83 4 95,75 Good 

4. Video accuracy 3,80 4 95 Good 

5. Multimedia graphic design 3,87 4 96,75 Good 

6. Animated graphics and sound effects 3,81 4 95,25 Good 

7. Combination of images, sounds and videos 3,86 4 96,5 Good 

8. Ease of use 3,93 4 98,25 Good 

Total 30,84 32 96,38 Good 

 

The results of a large group trial of interactive multimedia based volleyball smash 

skills training model obtained from 60 students were based on the students' responses 

to Health Physical Education and Recreation IKIP PGRI Pontianak which consisted 

of 8 main variables namely; completeness of the model, accuracy of the model, accu-

racy of description, accuracy of video, graphic design, animation and sound evalua-

tion, combination of images, sound and video and ease of use that obtains a score of 

(X) 30.84 from a maximum score (Xi) 32 which means good average with a percent-

age of 96.38% with a good category, so it can be concluded that this product can be 

used in actual training. 

To find out the effectiveness of the product in the form of an interactive multime-

dia volleyball skills training model which is tested on students whether it is effective 

or ineffective, then there is data that must be collected, namely data about volleyball 

game skills for students. This data collection is carried out after a large group test 

(field test 2). Data collection test effectiveness using the T test with SPPS software. 

The following data is presented in summary: Data on the value of the pretest of vol-

leyball smash skills from the subjects in the effectiveness test can be seen in the fol-

lowing table: 

Table 7.  Product Effectiveness Test interactive multimedia based volleyball training model for 

students who take volleyball training (pretest and posttest) 

Respondent 
Smash 

Total Score Average Score 

40 Students 372 9,3 

 

The posttest value of volleyball smash skills from the subjects in the effectiveness 

test can be seen in the following table: 
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Respondent 
Smash 

Total Score Average Score 

40 Students 663 16,57 

 

Based on the data, it shows that the results of the pretest and posttest volleyball 

skills of the smash test of the pretest obtained a total value of 372 average scores of 

9.30 and after the posttest the total value was 663 with an average value of 16.57. The 

training model of smash skills in playing interactive multimedia-based volleyball was 

developed by researchers to help teaching staff (teachers and lecturers), trainers and 

students, in training volleyball smash skills, increasing volleyball playing skills, and 

as a reference for volleyball training and learning as well. From the results of previous 

studies on volleyball learning using interactive multimedia with the subject of field 

trials (large groups) 30 people and did not test the effectiveness of the product. stated 

that interactive media products such as volleyball games were declared fit for use in 

volleyball learning and training [22]. The development of multimedia in the field of 

sports information is needed as an increase in sports information systems [23]. 

In the previous research, the researcher considered that the subject was not repre-

sented, because the subject used was still relatively small and only focused on the 

media and the variation of the training model given had not varied. In this study the 

development of interactive multimedia was carried out featuring media containing 

videos of various variations and combinations of exercises. The exercise model is 

more varied so it is not saturated to improve volleyball skills. The subjects of the field 

trial (large group) of 60 students, and the results of the product effectiveness test on 

40 students used with the results of the study stated that the interactive multimedia 

volleyball-based exercise model is suitable to be used to help improve volleyball 

skills both for training and learning. Because with the media can increase cognitive, 

affective, and give birth to the automation movement. Most students are very positive 

with the use of interactive multimedia in learning [18]. This research and develop-

ment produces multimedia products Volleyball learning is suitable for use in the pro-

cess of training, learning and teaching [7]. The skill model of playing volleyball with 

technology with the help of media allows students, athletes, to be able to effectively 

and efficiently improve the skills of playing volleyball. 

5 Conclusion 

Based on the data obtained, from the results of field trials and discussion of the re-

sults of the study it can be concluded that SMASH's skills in playing volleyball in 

athletes can be mastered faster by using an exercise model that uses interactive mul-

timedia volleyball-based VCD media. Because with VCD media, athletes can see a 

series of movements on smash skills outside of repeated training time at each stage of 

the volleyball smash sequence. So as to provide understanding cognitively, affective 

and give birth to the movement of automation. The practice model of volleyball play-

ing skills with a touch of VCD technology enables students, athletes, to be able to 
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learn and do exercises effectively and efficiently which is used as a literacy enhancer, 

reference, in an effort to improve volleyball playing skills. 
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Abstract—The increasing growth of mobile technology in our Society has 

become a reality. Outdoor learning is one of the very revolutionary develop-

ments in modern ages without huge infrastructure and resources. This study is 

focusing the area of mobile learning in year 2009 to 2018 about the areas and 

working done by the researchers. Mobile learning is relatively a new platform 

of learning through the mobile technologies, and penetration of smartphones 

and digital devices is globally increased in a short interval of time. The Scopus 

database is used to find the literature with the keyword used in search button 

mobile learning. The PRISMA diagram 2009 shows that the subjects of Social 

Sciences area to include the literature articles for the review. The final 54 arti-

cles with more than 20 citations for the review are selected to analyze the litera-

ture to find the gap and direction of mobile learning. Literature is divided in dif-

ferent classifications to find the results.  

Keywords—Mobile learning, Ubiquitous Learning Environments, pedagogical 

1 Introduction 

Outdoor learning is one of the very revolutionary developments in modern ages 

without huge infrastructure and resources. The traditional concept of education and 

learning is about to change, technological advancement and IR 0.4 enhance the struc-

ture of learning through devices such as laptops, tablets, and smartphones. The devic-

es have not inside the classroom but outside have great potential for learning [1]–[17] 

[18]. Relatively mobile learning is new phenomenon, but the effectiveness of the 

tool is countless in terms of high-quality education and learning process. A 

smartphone is not only a phone but a device that can educate you with your willing-

ness and timing that is conveniently available for the user [19]. Digital mobile tech-

nology using in educational purposes is the core function of vibrant and expanding 
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streams of mobile learning research and that is called ubiquitous learning. With the 

ubiquitous learning teachers are looking and exploring the technologies that are com-

bining mobile devices with collaborative learning environment in process to enhance 

learning [20].With the period mobile learning is growing more and technological 

advancement opening create opportunity for students to educate in every field. This 

study will review the mobile learning approaches direction and significance in dis-

tance learning and classify the fields in which mobile learning is contributing effec-

tively with high performance. Mobile learning is a greater solution for the developing 

and under-developing countries to educate large masses without the giant infrastruc-

ture development and only manage the techniques and applications with smartphones 

and other mobile devices that can assist students in distance areas [21]. Educating the 

outdoor student specifically online courses are more effective for different corners 

and learning new technologies, new languages and mathematical tools, mobile learn-

ing is very effective [21].   

Educational techniques are changing very quickly, and another form of mobile 

learning is moving forward toward the e-learning applications that make possible 

much easier for students to approach desire text and solution of problem [22]. Mobile 

learning makes possible for students to learn, collaborate, and share ideas through the 

internet and m-learning system. M-learning modified form of learning in which mo-

bile applications are making more diverse and accurate information available accord-

ing to the need of students [23]. That is more comfortable for the learners to download 

the app and use that according to the need and share the ideas and views with the 

other users about the applications. But some of the characteristics of m-learning ap-

plications can also contribute for the teachers the way they teach to students and an 

important feature of m-learning is the traditional transfer of knowledge from teacher 

to student is changed and students can actively participate in the learning process [24]. 

Before that the educational structure was teacher-centered and after the mobile tech-

nology’s developments make this to student-centered. Researchers of m-health are 

believing in maximize the use of mobile technologies in the higher education level 

while going with the educational mission. Many researchers argued that in higher 

education levels, students and teachers are ambition in learning mobile technologies 

[25-27] 

This study is focusing the area of mobile learning in year 2009 to 2018 about the 

areas and working done by the researchers. Mobile learning is relatively a new plat-

form of learning through the mobile technologies, and penetration of smartphones and 

digital devices is globally increased in a short interval of time. We will overview the 

literature, how researchers contributed the area of mobile learning during the 10 years 

of time. We will classify the broad areas of research and look deeply the recommen-

dations and findings of the literature in the field mobile learning. Study is conducted 

due to importance and effectiveness of mobile learning from educational point of 

view. The significance of the study is to evaluate the researchers work during the 10 

years and direction of researchers. In the first step quality screening process will be 

complete through the PRISMA statement and inclusion and exclusion of literature 

will be done through the quality process of PRISMA statement. Second step will 
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overview the classification of literature. The recommendations and conclusion will 

discuss in the last after the detail review process. 

2 Methodology 

The most recent attention of mobile learning is motivated researchers to work on 

the development of mobile learning in the recent years and this study will overview 

the literature towards the direction and missing areas of mobile learning for the educa-

tional development. The study analysis the past literature to a systematic literature 

review (SLR). The PRISMA statement templet is used to explain the overall process 

of selection and rejections of articles for the review of mobile learning. The PRISMA 

statement helps the researcher to improve the reporting of the review paper. The re-

view is limited to published literature. 

3 Literature Research 

The Scopus database is used to find the literature with the keyword used in search 

button mobile learning. The total number of articles is shown by database 38772, but 

when the research is limited to the year 2009 to 2018 the number is decreased to 

27398. The process is needed to filter more for the quality of the review, the language 

is selected only English and subject are selected social sciences for assessment and 

numbers are reached to 7547. After this the other options used from Scopus database 

of only published articles the results are automatically limited to 33320. There are 

other options like conference papers, review papers and submitted papers but for the 

reliability and quality of the study only published articles are included for the study. 

The PRISMA diagram 2009 shows that the subjects of Social Sciences area to include 

the literature articles for the review. For PRISMA diagram only open access articles 

of Scopus database is used for review and record are limited to 489 papers that were 

available in open access in Scopus database. The data is imported to excel sheets for 

further assessment of the literature. The excel sheets are extended into more sheets to 

find out the highest citations and for more batter and purified analysis, more than 20 

citations papers are used for the study. after this the results are limited to 56 studies. 

The four studies are also excluded after the detail studies of the article’s due irrele-

vancy with the subject. The final 54 articles for the review are selected to analyze the 

literature to find the gap and direction of mobile learning. 
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Fig. 1. PRISMA 2009 diagram of selection and screening process  

4 Eligibility and Inclusion Criteria 

The eligibility and inclusion of articles one of very critical and absolute observa-

tion way to include the best possible articles for the study. Generally, the language is 

selected for the articles is English and due to universal acceptability and maximum 

literature is published in English, so the articles are selected only in English language. 

The research article from the database is selected only from one subject social sci-

ence. But also make sure the papers from all journals of the database must be consid-

ered for more batter and quality results. The open-access articles are considered for 

the review. 
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5 Studies Included in Qualitative Synthesis 

The final 54 studies are used for the final process and find the direction and re-

search done by the researcher in the year 2009 to 2018. The year base analysis is done 

to find out the annual publications and most cited papers are also be explained 

through the graph. the subject wise research is also explained in the graph to show the 

number of papers is include and exclude for the review. The journal base and most 

cited papers are also discussed 

6 Most Cited 

Minimum citation report of a paper in the study is 20 times and highest is 251 time 

of a paper. The effects of integrating mobile devices with teaching and learning on 

students' learning performance: A meta-analysis and research synthesis is cited 251 

times which is a good number and other study with high citations number is Viewing 

mobile learning from a pedagogical perspective with the 232 times by the other stud-

ies. The citation criteria are making the study more valuable due to the other re-

search’s citations. Using mobile phones to improve educational outcomes: An analy-

sis of evidence from Asia is the study 3rd number in the citation list with 150 times 

citation. Figure 1.2 is showing the details of citations report for more times and se-

lected for the study. 

 

Fig. 2. most cited papers  
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7 Year Wise Publications  

The study is limited from year 2009 to 2018 and every year publications are differ-

ent and selected papers are due to the characteristics of most citations. Year 2010 and 

2015 is the top on the list with 11 studies elected for the review and minimum number 

of the studies are choose from year 2018 and 2017 with 1 paper each from every year. 

While year’s 2014,2012 and 2011 are having 9,6 and 5 studies from each year with 

high citation report. Figure 1.3 is showing the complete number and results of 10-year 

publications record selected for the study. 

 

Fig. 3. Year base publications  

8 Journal Base Publications  

IEEE Transactions on Learning Technologies is journal that is top rank in selection 

criteria with 19 studies are selected from the journal. All studies are citation report 

more then 20 times and no other journal is near around the number of articles selected 

for this study. International Review of Research in Open and Distance Learning is the 

second in the list with the 6 studies choose for the review paper and citation report is 

more then times in other studies cited. Figure 1.4 is showing the highest number of 

papers selected from the different journals. BMC Medical Education is 3rd in the list 

with 4 articles selected through the screening process and citation is more than 20 

times.  
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Fig. 4. Journal base publications  

9 Classifications 

Literature is classified in different areas according to the work done by the re-

searchers and table 1.1 is showing the results of classifications.  

9.1 Mobile learning students and teachers 

The mobile learning classification process on excel sheet shows more contribution 

of the researcher is on student learning and teachers’ responsibilities in distance learn-

ing and adjustable time frame according to the availability of students and teachers. 

Collaborative learning: Group interaction in an intelligent mobile-assisted multiple 

language learning system is the study that discuss the tutoring through the mobile 

phones and developing an effective intelligent tutoring system [28]. The findings of 

the study show that the learning through the mobile tutoring is effective and students 

can take advantage of the applications using mobile phones. Mobile learning envi-

ronment is very important for students and teachers, in the environment students and 

teachers can work together in collaborative environment for user feature and context 

[29]. Supporting the Development of Mobile Adaptive Learning Environments: A 

Case Study recommended that the students and teachers work together for mobile 

learning environment development for the future prospectus. The effects of learning 
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styles and meaningful learning on the learning achievement of gamification health 

education curriculum study is also talks about the procedures about the learning 

styles, meaning full learning and learning achievement. The study agenda was to-

wards the junior high school learning students through the digital mobile game learn-

ing. The findings of the study are divergence in mobile game-based students are high-

ly regarded the curriculum [30]. Another study explains the importance of the dis-

tance learning and suggest distance learning is opening new opportunities for away 

students and they are able to educate them through the mobile phones and Mobile 

learning: Moving past the myths and embracing the opportunities study also talks 

about the challenges and risks related to the mobile learning in the future [31]. Aca-

demic mobility and migration: What we know and what we do not know is the study 

that talks about the higher education and research base scholarly education for the 

teachers. The suggested that to use the mobile learning about the international tech-

niques and research opportunities through the mobile technologies and make the re-

search more valuable in other parts of world [32]. 

The mobile learning in students and teacher’s classification is mostly literature is 

talking about the environment that helpful for learning. Future of mobile learning is 

very important in distance  

Table 1.   Classification of literature 

Authors  Variables Findings  

(Troussas, Virvou, & Alepis, 2014) 
[28] 

Mobile Learning Students and 
Teachers 

Environments rich in opportunity 
for self-regulated learning 

(Teichler, 2015) [32] 
Ubiquitous Learning Environments 

(ULEs) 

Education beyond the traditional 

classroom, creating so-called 
Ubiquitous Learning Environments 

(Kenny, Park, C Van Neste-Kenny, 

Burton, & Qayyum, [30], 

Medhanyie et al., [31]  

Mobile health (mHealth) applica-

tions and Mobile Learning in 

Patient Care 

M-Learning seek to provide an 
overview of what mobile learning 

entails, recognize the achievements 

of mobile learning to date, and 
stimulate 

(G Sun, Technologies, 2014[32], 

Boticki, Wong, Learning, & 
2012[39] 

Collaborative Learning 

Collaborative learning brought by 

TaaS in real university level cours-
es 

(Yang, Learning, 2014, [35]  Foreign Language Learning 

Make cultural and language learn-
ing appealing, improve cultural 

learning effectiveness, and enhance 

interpersonal communication 

between teachers and students 

(Bower, Education, 2015 [36] 

Kearney, Schuck, Burden, & 
Aubusson, 2012)[19] 

Wearable Technologies & robot 

technologies 

Future of wearable technology 

learning design is also discussed 

(Cochrane & Antonczak, 2014, 

Soep, 2012) [37] 
Mobile Social Media 

Mobile social media framework is 
potentially transferable to a range 

of educational contexts, 

 

Learning and students can learn about the technology and other segments related to 

the mobile learning very conveniently using the mobile phones. 
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9.2 Ubiquitous Learning Environments (ULEs) 

Second classification of the literature is about the ubiquitous learning environment, 

that is basically explains the penetration and accessibility of mobile learning in the 

last decade. Traditional classrooms and educational scope are completely changed 

into complex technologies and mobile devices. Supporting teacher orchestration in 

ubiquitous learning environments: A study in primary education discuss the ubiqui-

tous learning environment in detail, Teichler [32] suggested that the resources and 

energies must be utilize to support for the primary level teachers that are performing 

in the complex model ubiquitous learning environment. Teachers able to perfume in 

more batter way. Another study Context-aware services for smart learning spaces 

suggested that in the literature about the removal of the traditional classrooms, labs, 

meeting rooms and halls into services centers that provide more effective and efficient 

learning opportunities to the students and curriculum should be design according to 

the mobile learning situations [38]. According to the author due to this system learn-

ers and instructors are easily communicate with each other on mobiles and all students 

can learn very effectively. Mobile learning is more effective in the mobile integrated 

and individualize course in an application. Individualization for education at Scale: 

MIIC design and preliminary evaluation is study that suggested the idea about the one 

application for the students learning through the ubiquitous learning environment and 

convert the course into the integrate lecture videos, text, assessment and social learn-

ing into application. That can update the student learning model and also measure-

ment of the student behavioral measurement [38]. 

Mobile learning environment needs to improve the learning structure and content 

of the students and provide a batter learning environment for both instructors and 

learners. Mobile applications are more reliable and effective tools for mobile learning 

during the current times. 

9.3 Mobile health (mHealth) applications and mobile Learning in patient care 

A good number of literatures in year is discussing the patient care using the mobile 

learning care and more developed form of the mobile health in mHealth applications. 

Mobile Medical Education (MoMEd) - How mobile information resources contribute 

to learning for undergraduate clinical students - A mixed methods study talks about 

the students use mobile learning for the improvement of learning and experience of 

clinical area of patient care. Clinicians are rise the use of mobile technology for more 

updated knowledge for patient care this study suggested that healthcare other depart-

ments must adopt the mobile technologies for the improvement and development of 

the patientcare[38] . Medhanyie et al. [31] believes that health applications are very 

much important for the healthcare, specially the developing countries health sector 

could be improve using the mHealth applications. Author also recommended that 

healthcare workers in developing countries must be provide smartphones and techno-

logical advancement to use the mHealth applications for learning and personal devel-

opment. International Review of Research in Open and Distance Learning study also 

suggested the mobile learning importance in nursing students and faculty. The study 
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based on the survey and results of the suggested that the mobile learning improves the 

performance of the nursing students and faculty. Study also indicates that 75 out of 

100 nursing students and faculty members are engage with the mobile learning [30]. 

Mobile learning is very much effective, and importance of healthcare is based on 

mobile learning. Medical students, doctors and nursing staff also must be equipped 

with the mobile learning due to the importance of mobile technologies. 

9.4 Collaborative learning 

In mobile learning that is very important to collaborate about the learning with the 

teams and individual for more development and penetration. Mobile learning is one of 

top emerging tend that is bringing many advantages for disturb learners. Collaborative 

learning is together the multiple learners together towards the pedagogical in online 

courses[32]. Designing technology for content-independent collaborative mobile 

learning study talks about the collaborative mobile learning opportunities and design 

the technology platform for motivating content mobile learning in the classroom. 

Technical architecture is assigning different materials to student and then guide all 

groups to achieve the preassign goals. Results of study recommended that the groups 

and teams are more batter in the mobile learning [39]. Collaborative learning is em-

powering the mobile learning and mobile applications are more strengthen the teams 

and goals of teams in mobile learning. Students are more learning in collaborative 

environment and mobile phones are more powerful tools for collaborative learning.  

9.5 Foreign language learning 

Mobile learning most attractive and easy tool to learn the foreign languages, Suc-

cessful learning of academic word list via MALL: Mobile assisted language learning 

article discuss the importance of foreign languages learning in mobile learning. Study 

discuss that mobiles phones are a new addition in information and communication 

field for learners in the process of foreign languages learning. Results of the study 

recommended that teachers must send text messages to student about the language 

learning and they must in contact with each other [40] . mobile learning is also very 

helpful in cultural and language learning according to the Computer-assisted culture 

learning in an online augmented reality environment based on free-hand gesture inter-

action research article included in the study. Study objectives were about the improve 

cultural learning effectiveness and strengthen the interpersonal communication lan-

guage between the students and teachers [35]. Mobile applications are a very effective 

and powerful tool of language learning due to the large number of videos, images and 

tutorial are available in different languages, that can help and guide in wright direc-

tion in learning the languages. Foreign language institutes are using the same tech-

niques with students and courses they offer in foreign languages learning, they just 

collect videos and images to teach students through the mobile phones.  
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10 Wearable Technologies and Robot Technologies 

Wearable technologies are a new phenomenon of technology development and 

many educationalists are harness pedagogical opportunities to understanding their 

potentials. What are the educational affordances of wearable technologies? Article 

that is cited 74 times suggested that three emergent themes; 'pedagogical uses', 'educa-

tional quality' and 'logistical' in the research paper. Data is collected from educational-

ists and find that wearable technologies are more effective and important in the mo-

bile learning and this is updated version of mobile learning in context of emails, re-

minders, massages and many other futures related with wearable devices [36]. View-

ing mobile learning from a pedagogical perspective is study discuss the feature of 

mobile learning and devices used in mobile learning. Basically, mobile learning has 

three main features: authenticity, collaboration and personalization, for the mobile 

learning [19]. A mobile mixed-reality environment for children's storytelling using a 

handheld projector and a robot article describe the robot’s technologies for storytell-

ing to children’s using robots. Findings of the study are robots enhance children's 

embodied participation in, and their level of engagement with, their storytelling ac-

tivities, and can support children in designing and expressing creative and original 

stories. 

11 Mobile Social Media 

Social media provides a unique and creative opportunities for learning environ-

ment. Case studies literature is emerging from the mobile learning and social media, 

for confirmation of the literature a study “Implementing a mobile social media 

framework for designing creative pedagogies” conducted number of social media 

projects. Findings of the study are social media project is potentially transferable in 

context of mobile learning and new pedagogies [37]. Social media medium to educate 

and learn new information to educate and update. Distance areas are now connected 

with the social media very easily through the mobile networks. Mobile penetration is 

growing rapidly and now students are almost on every social media medium that can 

educate them. Languages learning students are comfortably contact with the other 

native language speakers and get feedback. Digital era of technology shaped the tradi-

tional institutional structure and mobile learning is premium tool in the learning pro-

cess. The digital afterlife of youth-made media: Implications for media literacy educa-

tion is article included in the study and describe the youth media importance for mo-

bile learning process. paper conclude that youth is deliberate to contribute through the 

mediums of social and mobile media. They are highly interested in discovery, analyt-

ics, networking mobilization and platform program [42]. 
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12 Conclusion 

Education process is very much dependent on mobile learning and numerous of 

fields are growing the development of mobile learning. Literature discusses many 

prime fields and importance of mobile learning within the fields for improving the 

ability of students in learning process. mobile applications are now the new advance-

ment of era in learning skills in every field and social media platform are strengthen 

the process. mobile applications are not only text and videos but also tutorials that are 

showing the actual processes. Study find that literature is directing quality of work in 

every field during the year 2009 to 2018 but literature is very limited about social 

media and mobile applications learning. Results are also indicating that researchers 

must work about mobile applications importance and value in mobile learning that 

will helpful for student and for teachers. Literature is contributing more about the 

teachers learning and development but missing the link about teachers training and 

teaching skills importance in mobile learning process. literature linking very few 

studies in sciences subjects and visual arts subjects in past years. The subjects are 

very important to teach and offer through the mobile learning and researchers need to 

identify the importance of the subjects. 
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Abstract—This New learning educational methods, which depending on 

Learning Management System (LMS), have been used by universities in the top 

education universities in the world. However, most of the Iraqi universities use 

the traditional education methods in the classroom. The purpose of this study 

was to examine the benefit of using LMS in higher education. This study shows 

how to implement and use modern educational techniques in Engineering Col-

lege of Wasit University. This paper shows that using modern education tools in 

the class lead to increase the productivity of student, save time with less effort 

for instructors with high accuracy of exam results. In addition, using LMS sys-

tem allows students to obtain more information in a short time. Moreover, this 

system gives students an opportunity to interact with the instructor and among 

themselves. The findings show the benefits of integrating LMS in higher educa-

tion and recommend other institutions to implement it. 

Keywords—Higher Education; Learning Management System; Information 

and Communication Technology; Canvas 

1 Introduction 

It is very difficult for students to learn and understand engineering classes like 

mathematics without using classical education material as chalkboard or other educa-

tional material. It's an unthinkable mission for instructors to clarify without utilizing 

any instructive apparatuses. In the last decade, the educational methods have evolved 

dramatically. Firstly, instructors were using blackboard and chalk for leaning students 

then white boards. Finally, in the present time the instructors are using smart of 

whiteboards in their lecturers. According to[1], “Educational change depends on what 

teachers do and think – it is as simple and as complex as that.” We believe that the 

instructor is the main key to the development of students' mental skills and success. 

Using of technological education within colleges by instructors has three main ad-

vantages. Firstly, the use of technological education saves time and gives an oppor-
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tunity for discussion between the student and the professor within the classroom. It is 

known that the time is money. California Department of Education (“Education Tech-

nology Planning,” 2001) defines time as “Time is the greatest stumbling block” to 

provide significant and a high quality educational opportunities for teachers “to plan, 

reflect, design lessons together, and examine and make meaning of content and teach-

ing standards.” The use of educational technology in classroom reduces the stress of 

the professor and makes the teacher teach the students effectively and actively. More-

over, In-class technological education gives the student an incentive to continue learn-

ing. One of the biggest problems that confronted lecturers to teach huge number of 

students and it needs much of time while the technological education save time with 

high efficiency. For instance, some colleges have halls of lectures, and that will be 

tough to lecturers in additions to students[2]. California University, San Diego Uni-

versity, and Temple University solved this problem by using Room Control System 

(Goral, 2008). 

Educators utilize innovation education in the classroom to enhance execution and 

utilize time viably. As of late, modern education technology has been created and 

utilized present day advancements to enable educators to decrease time utilization in 

instructing. According to[3] instructors can save lessen time essentially by creating a 

new technique to enhance the students for overcoming the difficulties that may face in 

composing or perusing. In fact, one of the best techniques way, according to[4], is 

utilizing media in the classroom. Utilizing sight and sound in class can support the 

achievement of success from 10% to 20% over customary adapting way and 33% 

sparing time on the undertaking[5]. For instance[6], announced that “Owing to the 

lack of time,” he utilized the Interactive Whiteboards as an apparatus to show under-

studies and answer their inquiries concerning “heat and the process of floating.” 

Dodd’s and Fletcher[7] detailed that utilizing intuitive advances can decrease time by 

approximately 33%. Also [8], said that sparing time is the undeniable outcome when 

we contrasting ordinary guideline and innovation direction. Table 1 clarifies the spar-

ing time that[8] announced: 

Table 1.  Percent time saving for technology-based instruction 

Study (reference) Number of studies  reviewed Average Time saved (%) 

Orlansky and string (1977) (Military training) 13 54 

Fletcher (1991) (higher Education) 8 31 

Kulik (1994) (higher Education) 17 34 

Kulik (1994) (Adult Education) 15 24 

 

This table is considered as significant proof to demonstrate that reliance on modern 

technology in the classroom can both save and utilize time successfully. 

The second reason educators rely upon instructive innovation in the classroom is to 

lessen the workload utilizing less push to give a more noteworthy impact when they 

educate. All educators are human and when they work they feel weariness that de-

creases their execution. 

Information and Communication Technologies (ICT) and Virtual Teaching Assis-

tants (VTA) are modern educational tools that may assist lecturers to reduce the ef-
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forts and enhancement their achievements. However, this could not happen without 

changing the role of professors and instructors toward the use of ICT. So, to reach 

their full potential “staff and student should receive appropriate training and support” 

[16]. Bordbar[9] reported that (ICT) is one characteristic of using development tech-

nologies tools like computer in the classroom to decrease the workload on the lectur-

er. One of big problems that face lecturers is the grading of student’s test especially 

huge class, which is one of Wasit University example that can do multiple-choice 

exam in the electrical engineering department. The lecturers do not take time the cor-

rect papers exam, and the student can get his grade automatically after finish his ex-

am. The huge number of papers exam may due to mistake the question correction or 

in the summation grade of questions. The modern technology exams tools show the 

results without any mistake and without spending much time. Chou, Huang and 

Lin[10] reported that (VTA), which are using modern ways to enhance the student for 

learning, can decrease the lecturer workload. Lecturers take much time to correct 

paper quizzes, exams, grade exams, or even the explanation in the classroom. 

Modern educational technologies tools can decrease a lot of management paper-

work and save workload of lecturer.one of the best ways, for instance, by utilization 

smart whiteboards. According to[11], smart Whiteboards can decrease the time of 

lecture preparation because it gives the instructor more option like searching on the 

internet. Moreover, using smart Whiteboards (IWB) can decrease instructor effort and 

the student remain interactive[12]. Morgan[11] prove the practice of Forrest, who 

responsible on mathematical class by using IWB, he shows that the using of smart 

board is a simple way for learning students because they will have more than one 

option for learning by using pin and manipulate text. Arias[13] did study and estab-

lished that fifty percent of lecturers use modern technology tools “as a medium for 

curriculum” (p.11); in addition, they show 4 out of 6 lecturers consider the modern 

technology way assist them to qualify their load.  

Another part of educational technologies is managing eLearning courses through 

learning management system “LMS”, which this paper covers. The major concern in 

this paper is to support traditional educational method through LMS, which is not 

only to save time and money but also to deliver effective instruction that enhances 

interactive learning environment between students and faculties. However, creating 

effective courses and interactive learning environment through LMS would be great 

challenges that instructors should be aware of [14]. Can faculties face these challeng-

es and increase students’ performance and create interactive learning environment? 

Are designing Engineering courses through LMS would be applicable in all courses? 

This study answers these questions by presenting instructive case of how to imple-

ment and use modern educational techniques in Engineering College of Wasit Univer-

sity. 

2 The Need of LMS in Higher Education 

The emerging of LMS was at Illinois University in1960 [19]; it has gradually de-

veloped by the scholars to be integrated into academic organizations. Regards of the 
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limitation of time and distance LMS is designed to face these obstacles by delivering 

asynchronous or synchronous eLearning and online classes and to support traditional 

teaching methods [18]. Nowadays LMS is a supportive tool for boosting learning 

process. The purpose of LMS is for enhancing communication among students and 

between instructors and students, share materials and communicate online. Delivering 

courses to a large number of dispersed students globally in a limited time would be 

demanding task through traditional teaching [14]. LMS which is web-based technolo-

gy could meet these demands and delivering eLearning courses, virtual classes or 

online classes and supporting traditional teaching [24]. LMS, virtual learning envi-

ronment or course management system are used interchangeably in e-learning envi-

ronment to support student-centered learning, make learning content easily accessible 

and supportive with a variety of learning materials [23].  

Recently, LMS has used among corporate and government organizations to aca-

demic universities and K-12. It helped to administrate, document, track, report and 

evaluate the whole learning process effectively [16]. Unquestionably, LMS has wide-

ly and commonly used among higher education in UK, Canada, USA and Australia 

and recently in developing country such as Iraq, Saudi Arabia and Jordan. For exam-

ple, The National Centre for E-learning and Distance Learning (NCEL) in Saudi Ara-

bia designed its own LMS called JUSUR which designed with “17 interactive tools” 

and they collaborate with Meteor Group of Companies in Malaysia [26]. 

With LMS professor or instructors can administrate, track and evaluate the whole 

learning process and see the progress of their students digitally. Students can do their 

test or deliver their assignments, view their grades, evaluate their progress and in-

volved in group discussion through LMS which increase the theory of student-

centered [24]. Stakeholders in any learning community had studied all the possibilities 

to improve teaching strategies through pedagogical concept and to achieve effective 

learning outcomes, but they have faced challenges of accessibility and flexibility of 

teaching through e-Learning environment [27]. LMS had faced those challenges in 

addition to meeting learners’ needs with various characteristics and meeting diverse 

learning style [27].  

3 What Can an LMS do in Higher Education? 

LMS is a better future of learning for higher education. LMS gives instructors op-

portunities to create tailored learning experience that fit every student’s needs and 

give the ability to manage multiple classes worldwide [23]. Its system of creating 

interactive website and modules, built-in rubrics, assessment, grading, reporting, 

trucking students’ progress, participation and attendance, and communication system 

make it the better supporting tool for creating desirable interactive learning environ-

ment[28]. LMS helps in planning, implementing and delivering instructions in multi-

ple learning contexts and extend beyond traditional campus because it is organized 

around the learners’ needs. LMS gives opportunity to apply different learning models 

such as blended learning - synchronous and asynchronous, storytelling, gamification, 

rapid learning etc [29]. Obviously, the variety of learning models could meet diverse 
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learners’ needs and they can be self-directed and self-paced and meet their individual 

progress. They can also get immediate feedback, be involved in valuable discussion 

groups. Undoubtedly, with traditional teaching method which is based on teacher-

centered, students would not be able to achieve the desirable learning outcome [22]. 

LMS replaced the traditional design of teaching to learner-centered design and re-

placed traditional methods of getting information, submitting assignment or doing a 

test. For example, students can view several supported links and resources for their 

interested subject that support their educational attainment [20]. 

Stakeholders and professors can administrate, document, organize and manage 

modules and the status of the course, distribute materials, upload online resources or 

share MOOCs that support their main course, post immediate feedback with grades, 

track students’ progress and assess and view statistical data about the learning out-

come and LMS quality [19]. When a new course is introduced it could be no access 

for students to view a course syllabus before signing up for a course, but with LMS 

student can view the introduction of the course and the instructor teaching method and 

the announcement in its calendar [19][20]. Without LMS it would be most difficult to 

support the theory of learner-centered approach and deliver instructions in different 

learning style and create the interactive environment between students and professors 

in an effective way and with cost-effectiveness. So, it is obvious that LMS has been 

suggested for higher education by scholars and stakeholders to integrate it into their 

classes to achieve the desirable learning outcome.  

4 Features of LMS in Higher Education 

The functional LMS was built on pedagogical theory and learning theories such as 

“behaviorism, cognitive theory, and constructivism” to achieve the desired learning 

outcomes and meet organizations’ goal [15]. As [14], [15], [29] and [16] detailed 

some features to state the fit LMS that meet individual needs. LMS should be adapt-

ing to learners’ and instructors’ needs such as the ability to choose from the variety of 

the learning models. Instructors’ should be able to create interactive modules, delete 

or add new course independently. Most LMS has been integrated with registration 

portal to give access to their students to register for a class.  

User friendly is another feature makes stakeholders interested in LMS. The friend-

ly interface to navigate and accessing information and activities easily and quickly 

was faster their work to be done. LMS is an organized system so instructors can easily 

create organized modules with relevant contents and online readily available materi-

als, create online quizzes and syllabus and upload varieties of files and online re-

sources.  

Easy access: That is accessible with the whole functionality from any mobile de-

vice - laptop, smartphone or tablet anytime. This has helped students to complete their 

assignment and upload it from anywhere, collaborate together in a discussion group, 

and get feedback from their peers and teachers [14].  

Interactive learning and communication: Creating interactive modules in the 

form of PDFs, video clips, audio, or online resource and encouraging students to pre-
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pare for the class prior to class time can support traditional class. That is instructors 

made substantial discussion in the class time and decrease the workload and save 

time. Instructors need to engaging students in discussion forums which facilitate 

communication between them [[16] about class. When students post questions online 

and get responses and critical ongoing feedback from their peers and instructor, they 

learn from each other and promote learning process [29]. Also, motivation is part of 

interactive learning experience. Students need to feel motivated i.e. their names are on 

the leaderboard and to enhance motivation instructors can utilize the feature of gami-

fication – another learning strategy within LMS [25]. Gamification helps students to 

remember what they have learned through “game mechanics” which is tailored to 

meet course learning objectives [30]. 

Trucking Data for learners’ progress: Collecting data to analyze learners’ per-

formance and close their gaps can be in many forms in LMS. The build-in rubrics 

help instructors to grade students’ assignments effectively and measure their progress. 

Students can do their quizzes online and view their score immediately. Instructors' 

feedback, grade statistics and other learning activities are help instructors to collect 

data about students’ proficiency, truck their progress and close any gap in teaching 

[28]. Trucking data is not just help instructors to close learns’ gap, but also help stu-

dents to focus on what they need to learn [28]. 

5 Design and Implementation of LMS 

The proposed method for implementing the system is to use three servers with 

main router and four switches. The servers are one of the most important part of the 

system because they provide the services for all users, which will be responsible for 

storing all data and information, including database and archiving, in a manner that 

ensures that this information is not lost. In addition, these servers provide the transfer 

of information between large numbers of users simultaneously with high efficiently. 

Therefore, our College provides three high-performance servers. The first one is HP 

ProLiant DL380p Gen8 E5-2620 with 24 processor and random memory capacity of 

48 Gigabyte. The others are HP ProLiant DL380 G7 type with specification of two 

processors (Intel Xeon E5640), random memory capacity of 16 Gigabyte, and large 

storage capacity (2 terabytes) with RAID 5 data storage for four parallel hard drives, 

to ensure that data will not lost even if one of these discs’ malefaction. The fiber op-

tics is used for connection between the main router and branches of switches. The 

switches are distributed for four engineering departments (Electrical, Civil, Mechani-

cal, and Architecture). There are two types of Wi-Fi devices in each department. The 

first type which has more capability to serve more crowded places like student clas-

ses, Laboratories, Workshops, and student club while the other Wi-Fi types serve less 

crowded places like faculty, management, and control rooms. Figure 1 shows the 

Architecture of engineering college network and figure 2,3 show the installation of 

Wi-Fi and Fiber optic. 
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Fig. 1. Architecture of engineering college network. 

 

Fig. 2. Fiber optic and Wi-Fi installation. 
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6 Conducting Workshops 

The support team and instructional design team conducts general workshops on 

how to use LMS particularly Canvas platform. During the workshops, they discussed 

generally faculty’s technological barriers of integrated educational technology into 

instructions and learners characteristics to implement LMS effectively. The team 

encouraged interaction, provided live examples and interactive activities. Also, the 

support team worked with different Engineering departments – civil, mechanical and 

electrical - to develop multimedia materials that beneficial for students’ learning. 

7 Why Canvas 

7.1 Features of canvas platform 

Finding LMS application that fit into any learning environment and meets all par-

ties’ needs – organization, learners, and faculty -would be very challenging [27] and 

[28]. Most functional LMS has easy access feature, helping students to access course 

material and assignment anytime. Because of accessibility, students are able to submit 

their assignments from any mobile device. The user-friendly interface makes it easier 

for both instructors and learners to easy engage with course materials and communi-

cate with peers and instructors easily. With LMS instructors are able to manage en-

rollments, share documents, trucking data – assignment and test assessments and 

grading – share course materials, upload course syllabus and varieties of files. In addi-

tion of these features students also have the ability to be engaged in online environ-

ment and in discussion group and find additional educational resources. Other tools 

such as a quiz grading book, a dashboard page, and customizable notifications, quiz-

zes tool for practicing or doing quiz are effective features that support learning pro-

cess. Meeting those features depends on the organization’s needs and goal [14] and 

some of e-Learning LMS software that has those features is Moodle, Canvas, Edmodo 

and Blackboard. 

Canvas LMS is an open source learning management system developed by Instruc-

ture. It provides much functionality depending on web 2.0 technologies. Free version 

of Canvas distribution has many features: assignments, quizzes, curriculum and polls 

supported by specialized grading tool. Moreover, Canvas LMS offers file sharing 

where users have their own file repositories, wiki pages’, discussions and messaging 

system. Announcements, scheduling and presentation tools are also supported by 

Canvas. A specialized tool is using to create user’s portfolios and web pages. In an-

other hand, Canvas offers many tools for system admin: accounts, group with differ-

ent permissions membership where only enrolled use can access a course organiza-

tion. Canvas gives the admin ability to customize course organization and navigation. 

System monitoring is another tool provide by canvas where automatized tasks such as 

message exchange can be monitored. Third-party tools can be added to extend canvas 

feature. So far, there are numerous external applications and plug-ins for Canvas. 
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In order to keep up with what student doing and what expected from them Canvas 

offers an “Observer” role. Observer user can read documents and pages, check the 

calendar, assignments, announcements, and see quizzes. However, Observers cannot 

read quiz content, submit any quizzes or assignments, and send messages to students. 

In case of link an observer to a student the observer can see the student’s grades and 

course interactions. 

Because of all of those features of Canvas and more, many educators in USA has 

established their free online courses known as massive open online course “MOOC” 

for academic support and they also extended it to professional development.  

8 Result 

The modern education method which concerned in this study has been applied in 

Engineering college / Wasit University for master comprehensive exam for electrical 

engineering departments and compared the result with others departments which used 

traditional method for same exam and the result reported in table II. 

Table 2.  Saving time, number of monitors and objection for comprehensive exam  

Department 
Student 

Number 

Exam 

time 

No. of objection 

on result 

No. monitors 

exam 

Time of announce the 

results 

Civil 21 3hr 2 4 24Hr 

Mechanical 20 3hr 1 4 24Hr 

Electrical 16 3hr 0 2 0hr 

 

Depending on the results which shown in the above table, we conclude that there is 

no needing for time to announce the result of the comprehensive exam of electrical 

engineering results because the results are shown directly to the students. Moreover, 

the number of monitors in examination hall was reducing by 50%. Furthermore, there 

is no objection from any student on the grade. 

The result of the survey has shown that most of the instructors who participated in 

the integration of LMS Canvas have shown initiative to build web-based course mate-

rials. The majority of them agreed Canvas was easy to use and easy to create the 

complete course with multimedia materials which made course enrich. They 

acknowledged that their teaching strategies had changed and supported their face to 

face “F/F” classes. The in-service instructors who worked with their peers indicated 

that some instructors continue in creating engaging activities that encourage interac-

tion among students and their peers and instructors. Indeed, stakeholders will work 

together to expand the integration of LMS into higher education in Wasit university.  

9 Conclusion 

The studied in this paper focused on special program (Canvas) to help instructors 

for teaching. Using this method of modern technology can decrease a workload, not-

withstanding sparing time, and save money with high efficiency. The instructors rely 
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upon instructive innovation in the classroom is to give understudies inspiration to 

proceed with the learning. The implementation of modern education tools in our col-

lege gave excellent results by applying in comprehensive exam of master students. In 

addition, this study proves that using modern method of education in classroom avoid 

the mistakes that instructor may face by correction of exam paper or transfer grades 

from students’ paper to master sheet. Even though this study examined the benefit of 

integrating LMS into higher education and encouraged similar academic institutions 

to integrate e-learning to support F/F classes to reach the desirable learning outcomes, 

they did not cover the barriers of using LMS in higher education. It would be very 

challenging to create interactive class and engaging activities that make students more 

involved in and build interactive ongoing efficient communication[27].So this study 

could be extend to examine the key factors that influence the diffusion and infusion of 

LMS to be adopted by higher education and making successful integration.  
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Abstract—Mobile Ad-Hoc Networks (MANETs) are characterized as de-
centralized control networks. The mobile nodes route and forward data based on 
their routing information without the need for routing devices. In this type of 
networks, nodes move in an unstructured environment where some nodes are 
still fixed, others are moving in a constant velocity, and others move with di-
verse velocities; and thus, they need special protocols to keep track of network 
changes and velocity changes among the nodes. Destination Sequenced Dis-
tance-Vector (DSDV) routing protocol is one of the most popular proactive 
routing protocols for wireless networks. This protocol has a good performance 
in general, but with high speed nodes and congested networks its performance 
degrades quickly. 

In this paper we propose an extension to the DSDV (we call it Diverse-
Velocity DSDV) to address this problem. The main idea is to modify the proto-
col to include node speed, determine update intervals and the duration of set-
tling time. To evaluate the performance of the new protocol, we have carried a 
number of simulation scenarios using the Network Simulator tool (NS-3) and 
measured relevant parameters such as: packet delivery ratio, throughput, end-to-
end delay, and routing overhead. We have compared our results with the origi-
nal DSDV and some of its new variants. The new protocol has demonstrated a 
noticeable improvement of performance in all scenarios, and the measured per-
formance metrics outperform the others except the average delay where the per-
formance of the new protocol was modest. 

Keywords—MANET, DSDV, I-DSDV; E-DSDV, O-DSDV, Simulation Net-
work Performance, NS3; 

1 Introduction 

Mobile Ad-hoc Networks (MANETs) are special types of Wireless Sensor Net-
works (WSNs) where the nodes (computers, laptops, smart phones, etc.) are connect-
ed without a predetermined infrastructure. The topology and routing information keep 
changing frequently. This means that there is no need to use dedicated routers or ac-
cess points to connect any two nodes; a node can act as a router to forward traffic to 
other nodes. All nodes are working collaboratively in a distributed fashion to keep the 
network alive. Normally, nodes belonging to this type of network have a small 
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memory and limited battery capacity. Furthermore, links between nodes are wireless 
making them subjected to path disconnections and frequent packet losses. The mobili-
ty nature of the nodes makes it difficult to build routing information in a coherent 
way. MANETs are currently being deployed in many disciplines. For example, in the 
military arena they can be used to exchange information between the vehicles, sol-
diers and headquarters. On a more personal level, MANETs can simplify the inter-
connection between lightweight devices such as laptops, smartphones, and tablets. 
They can also be helpful in disaster situations when the network infrastructure is sub-
jected to sudden and catastrophic damages that might affect the stability and lifetime 
of the network. MANETs face several challenges such as: transmission range is very 
limited; security issues due to the wireless environments; the power and processing 
resources are very limited. Furthermore, the mobility nature of a MANET makes its 
topology highly dynamic which leads to an increase the packets’ loss and route 
changes. 

Many networking protocols were proposed to deal with these challenges. Routing 
protocols are special algorithms and mechanisms used by wireless devices to find the 
best path (route) for forwarding data between two (or more) nodes. Many of them 
were proposed in the literature, and enhanced versions continue to appear. Efficient 
routing protocols usually try to optimize several performance metrics such as: control 
overhead, bandwidth consumption), throughput, end-to-end delay, security, fault 
tolerance and energy efficiency. The proposed routing protocols usually focus on 
some of these performance aspects and ignore the others based on their target applica-
tions and usage purposes. There are different classifications for routing protocols 
suggested by the research community; one of these main classifications is the work 
done by [3]. In this work, the authors classified existing routing protocols into three 
many categories: 

1. The proactive or table-driven routing protocols 
2. The reactive or on-demand routing protocols 
3. The hybrid protocols which merge concepts from both the proactive and reactive 

methods 

In the proactive routing method, every node maintains one or more routing tables, 
these tables contain routing information about all the nodes within the network. These 
protocols update the table(s) periodically which might lead to increasing network 
overhead, bandwidth and power consumptions, but it minimizes the end-to-end delay 
and keeps the routing information up to date. Examples of such category of protocols 
are Optimized Link State Routing Protocol (OLSR) [17], Destination Sequenced 
Distance Vector (DSDV [4], and Wireless Routing Protocol (WRP) [19]. In the reac-
tive routing method, the node’s routing information will not be maintained frequently 
or periodically. If a node needs to communicate with another node, it will first send a 
request (broadcast) to the whole network, every node will pass the request until it 
reaches the destination node. Next, the destination node will reply using the same path 
which was used for the request message. In this case, the source node will not have 
the routing information until it receives the reply message. This process increases the 
end-to-end delay, but it saves both thee bandwidth and power consumption. Examples 
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of this category are: AODV Ad Hoc On-demand Distance Vector (AODV) [5] and 
DSR Dynamic Source Routing (DSR) [7], among others. 

Finally, the hybrid routing protocols were built to use concepts from methods to 
get the maximum performance. These protocols will maintain a routing table for 
nodes within some ranges and will send routing requests for the nodes located outside 
this specified range. Examples of this routing method are: ZRP Zone Routing Proto-
col (ZRP) [29] and Order One Routing Protocol (TORA) [26], among others. We 
implemented several simulation scenarios using NS3 simulator and compared the 
results of the new protocol protocols with four other routing protocols which have 
provided an improvement to the DSDV protocol and relevant to our protocol. The 
names of these protocols are: DSDV, I-DSDV, E-DSDV and the Optimized DSDV 
routing protocols (O-DSDV). The comparative study was done based on four perfor-
mance metrics: packets delivery ratio, throughput, End-to-End delay and routing 
overheard. 

2 Related Work 

In this section, we present a brief description of several protocols that have been 
proposed by the research community, and mainly we focus on the DSDV and its vari-
ants since these are relevant to the work suggested in this paper. They are: the generic 
DSDV, I-DSDV, E-DSDV and the Optimized DSDV. In the following subsections we 
give a brief overview of these protocols.  

2.1 Destination sequenced distance vector 

DSDV routing protocol [4] is an Ad-Hoc network proactive loop free distance 
routing protocol. In this protocol, the nodes periodically broadcast packets with rout-
ing information about themselves. These packets contain fields such as: destination, 
hop-count, and sequence number, among others. The neighbors receive these messag-
es and update their routing tables accordingly. In this case, the updates will be added 
to the routing table in certain situations, e.g., when there is no routing information 
about the destination in the routing table, or the updated message has a higher se-
quence number, or it has the same sequence number but with a shorter path (smaller 
hop count). New updates in the routing table will be immediately broadcasted after 
increasing the metric parameter in the records by one. The routing information in the 
routing table will periodically be rebroadcasted as well. Fig 1 illustrates the broadcast-
ing mechanism used by this protocol. 
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Fig. 1. An example of a routing message exchange used by the DSDV routing proto-

col 

The DSDV routing table mainly contains the following fields: 

• Next hop: It mainly represents the first node (the closest node’s neighbor) to be 
visited to reach the destination. 

• Metric: It is a measured value that represents the number of nodes which the data 
packet will visit before reaching the destination. 

• Sequence number: It is a sequential number to distinguish old updates from new 
ones. 

• Settling time: This metric represents the time that a node will wait before broad-
casting the incoming updates (any update for the record will reset the timer). 

• Hold down time: It is the time that a node will wait before considering the record 
is expired (i.e., broken connection). 

2.2 Efficient DSDV routing protocol E-DSDV 

E-DSDV [11] was presented as an extension to the DSDV. The main purpose of 
this protocol is to reduce network congestion. DSDV routing protocol is designed to 
choose the shortest path to reach any node within the network, but this principle does 
not apply to the E-DSDV protocol, which was mainly proposed to deliver routing data 
updates as quickly as possible, even if this is done by choosing non-optimal paths. 
The purpose of this mechanism is to avoid network bottlenecks by eliminating settling 
time that was used in the DSDV protocol to reduce oscillation and replacing it with a 
new mechanism. The nodes in this protocol always consider the updates only when 
they have higher sequence numbers. In case a node receives a route advertisement 
message with higher sequence number, it will advertise the message immediately. The 
node will discard the new route advertisement messages having the same sequence 
number or smaller hop-count. 

This protocol does not give importance to the length of the path; yet is concentrates 
on paths that do not contain network congestion. The use of this protocol increases the 
end-to-end delay; i.e., passing data over longer paths increases the time required to 
move from source to destination. Improved DSDV Routing Protocol (I-DSDV) I-
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DSDV [22] improves the packets’ delivery ratio of the DSDV in high mobility sce-
narios. A new field was added to the DSDV routing message. In some cases, routing 
tables contain broken links and these links are usually fixed when the data updates 
arrive from the source. This process takes time to be able to reuse the path. I-DSDV 
proposed a new approach to repair broken links without having to wait for the source. 
The new message has four fields: destination, type, hop-count and sequence number. 
Nodes with stale routes will send a routing message and will set the message type as 
INVALID. The neighbors of the sender will deal with this message as a route request. 
If these neighbors have a VALID route information with a better or an equal sequence 
number and smaller or equal hop-count, they will broadcast the VALID routing in-
formation. On the other hand, if the neighbors do not have a valid routing infor-
mation, they will rebroadcast the received INVALID routing message in case they 
need this route. Otherwise, they will remove the route from their table only. 

The repairing process of broken links in this protocol requires an effective link 
with the same length as the broken link or less. The existence of this condition re-
duced the possibility of using the available paths only because it is longer. In our 
point of view, it is better to use any available path – even if it is a bit longer than the 
optimal path – as a temporary solution until the next updates arrive. 

2.3 Optimized DSDV routing protocol  

O-DSDV [28] is a modified version of the DSDV, which was mainly presented as 
a new approach to reduce end-to-end delay, increase throughput, and maximize pack-
et delivery ratio in VANETS’ applications. The authors analyzed the performance of 
the DSDV protocol and noticed that its performance is low, especially in high-traffic 
environments, and thus they made several modifications to suit these conditions; The 
O-DSDV suggests two modes, high velocity mode and low velocity mode. While the 
protocol will act like the original DSDV in low velocity modes, it reduces its update 
interval and sets its settling time equal to zero for the incoming updates in high ve-
locity scenarios. When the speed of the node exceeds 25 m/s, the protocol gradually 
reduces the update period until the speed reaches 40 m/s. The update period is settled 
at a predefined low value. For settling time, it has two values one for high speeds and 
the other for low speeds. In this way, the received updates will be sent immediately, 
and the interval between nodes’ updates will be shorter in high mobility environ-
ments. 

This approach enhanced the DSDV performance, but it does not behave well in 
highly diverse velocity environments. The neighbors of the high-speed node will not 
be informed about this node’s speed, and consequently, they will deal with the up-
dates from such nodes as any other node. This will lead to delays when the updates 
advertise the high-speed nodes. Processing updates coming from high-speed nodes 
quickly is necessary because such updates lose their value quickly.  
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3 Proposed DSDV Extension 

This section describes the new settings and changes that we have made on the 
DSDV protocol. We also include a discussion on the justification of making these 
modifications, our methodology to implement them and the assumptions that we have 
considered. 

3.1 Assumptions 

We assume that all nodes in the network are using this new protocol and are 
equipped with location and velocity determination devices like Global Positioning 
System (GPS). As the information received from these devices will be used for con-
trolling several parameters in the DSDV such as periodic update time, hold-down 
time, and settling time. 

3.2 Methodology 

As previously mentioned, several techniques have been proposed to enhance 
DSDV’s stability. However, these mechanisms sometimes actually degraded the per-
formance of the protocol, especially in the highly-diverse velocity environments. 
Therefore, in this work, we suggest a new approach that is specially designed to in-
crease the performance the DSDV algorithm in the high mobility environments. We 
followed the scientific methodology in which we propose the theoretical part first, and 
then validate it using simulations. Our methodology consists of five procedures: 

• The nodes that receive routing information updates about their neighbors within the 
scope or two hops away, should advertise the received updates immediately with-
out any delay. 

• High speed nodes should gradually reduce the update intervals and settling time 
according to the speed. 

• High speed nodes should inform other nodes about their speed mode to help them 
calculate “Settling” and “Hold Down” times. 

• The nodes that detect a broken connection should try to recover it by sending a 
route request to the neighbors only. 

• The nodes will prefer the routes through the lowest velocity nodes when they re-
ceive several route suggestions to a specific destination with the same hops-count. 

In the DSDV internal operation, the goal of the “settling time” is to ensure that the 
node has the shortest path to every other node in the network. We found that the “set-
tling time” should not be applied to all types of routes. For example, as illustrated in 
Fig 2, when node (A) receives a routing information about one of its neighbors, it will 
wait for the specified “settling time” before rebroadcasting it to the other neighbors. 
Although node (A) will wait for the specified “settling time”, it will not get a shorter 
path to these neighbors because it has the best path already. The shortest path in this 
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case is only between the node and itself. This is how we applied the first step in our 
methodology. 

 
Fig. 2. Applying settling time to one-hop or two-hops neighbors will not guarantee a shorter 

route. 

The second and third steps in our methodology will affect nodes with high veloci-
ty. The update period in the DSDV is fixed, and in most applications its value is fixed 
to 15 seconds. This time is considered very long in high diverse velocity situations. 
For example, Fig 3 illustrates a scenario where node M is moving in high velocity and 
the other nodes are either stationary or moving very slowly. An intermittent line rep-
resents M’s signal range. At some points, node M will send its update to all nodes 
through its neighbors (E and F, in this case), then it will leave the area and its neigh-
bors will change few seconds later. The nodes in the network will lose the route to 
node M quickly, and node M will have to resend a new update after the update period 
expires. In our approach, we will take care of this problem by: 

1. Forcing the update time to be variable 
2. By making it proportional to the node’s velocity. The position of a high velocity 

node changes rapidly, and thus it sends its updates more frequently to its new 
neighbors, and remain connected with the rest of the network. 

 
Fig. 3. Example of high mobility scenario. 
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To consider the node’s velocity in the DSDV calculations, we have modified the 
update time by including another parameter, i.e., the speed of the node. The new sug-
gested formula of the update time is as follows:  

  (1) 

where: 

• Td represents the default update time. 
•  Vn represents the actual node velocity. 
•  Vmax is the maximum node velocity. 
•  Tmin is the least update time period. 

In case the node’s velocity is very low, or if the node is stationary, then Vn = 0, 
and this means that the value of the update time equals Td which is the default value 
in this case. Furthermore, when the velocity of the node is increased, the value of the 
update time will be decreased accordingly. To keep the update time above zero the 
lower limit to the Tmin value has been added.  

Back to Fig 3, when nodes E and F receive routing information update about node 
M, they will wait for the expiry of the “settling time” before resending this update to 
the other nodes. For every node which receives this update, it will apply the same 
policy which will lead to a considerable delay of these updates by the remote nodes. 
This type of delay can significantly affect the performance of DSDV protocol, espe-
cially when nodes move in high velocity. In Fig 4, the routing information of node M 
will reach node A after node M leaves the area, and its neighbor nodes are changed. 
Thus, we suggest that every node should inform every other node about its velocity. 
The nodes that receive the routing updates should set their own “settling” and “hold 
down” times based on the velocity of the source node. We suggest the following for-
mula to calculate the adjusted “settling time”: 

  (2) 

where: 

• Ts represents the default settling time 
• Vs represents the velocity of the sender. 
• Vmax is the maximum velocity. 

The above equation (Eq. 2) estimates the settling time as inversely proportional to 
the velocity of the source node. In this way, we can improve the availability of the 
routing information about high velocity nodes through the network for a shorter time. 
Furthermore, the velocity of the source nodes can be used for tuning the hold down 
time interval. We note that the routing information about the fast points will expire 
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early. The following equation is suggested to set the holding down timer for the re-
ceived routing records: 

  (3) 

Where γ is the minimum limit and α is a constant value which has the default value 
of 3. 

We can also use the added node’s velocity to optimally select the most stable paths. 
For example, as illustrated in Fig 5, node A has two paths to node D, and the two 
paths have the same hop-count. In this case, node A will use only one path to send 
data to node D. When node A receives routing information about node D through 
node C first, it will use this path to send data to node D. In this case, we argue that 
this node (which has two paths to the same destination and they both have the same 
hop-count) will select the neighbor with the slower velocity since it has more updated 
and correct entries. 

 
Fig. 4.  An example of selecting a stable path among several ones. 

The last enhancement to be considered in this study is the ability to recover the 
broken connections. When a connection between two nodes is broken, this connection 
will not be recovered until receiving a new routing information, even though it is 
possible to recover this connection in a shorter time. For example, as illustrated in Fig 
5 the connection between nodes A and D is broken because of node’s A movement, 
node A has two other paths to node D, but it will not know about these paths until 
node D sends its next periodic update. To overcome this situation, we suggest a new 
mechanism to send a recovery request to other neighbors to keep the link between the 
two nodes alive if possible. Thus, in Fig 6 node A will send requests to both nodes B 
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and C. In case node B or C has a connection to node D it will reply to the request 
otherwise it will do nothing. 

 
Fig. 5. An example of recovering a broken connection. 

To consider all these modifications, we have modified the generic DSDV message 
header format by including two new parameters: node speed and message type. The 
node’s speed parameter will register the node’s current velocity, and the message type 
parameter which will identify the message type (normal update or recover connection 
request). Both parameters will be added by the source node in every message update. 

It is worth noting (as illustrated in Fig 6) that the size of the header remains con-
stant. After studying the generic DSDV header, we found that 4 Bytes (32 bits) have 
been allocated to the hop-count parameter which is considered extremely big when 
compared to the hop-count size of other routing protocols like the OLSR and AODV, 
where the hop-count size is 1 Byte in both of them. Therefore, we found a good op-
portunity to re-use half of the space allocated to the hop-count parameter in DSDV 
(16 bits) to serve us to achieve the goals of this work. In the new modification, we 
argue that 16 bits, which can represent more than 65000 hops should be more than 
enough for the hop-count counter. We use the remaining 16 bits to store the new pa-
rameters (speed and type) and thus we can expand the functionality and add new fea-
tures without increasing the header size. The new header layout is shown in Fig 6. 
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Fig. 6. The new proposed structure of the DSDV header. 

As shown in Fig 6, the size of the new update message is still the same (12 Bytes) 
with two new parameters: type and speed. The type parameter can have two states: 
UPDATE or REQUEST. The same message will be used for sending updates or send-
ing a route request. The second parameter (speed) will be used to inform other nodes 
about the current speed of the source node. 

4 Performance Evaluation 

In this section, we provide a description of the quantitative metrics that will be 
used to evaluate the performance of the new modifications. We mainly use the follow-
ing four metrics:  

• Packet Delivery Ratio (PDR): It is defined as the ratio of data packets delivered to 
the destinations to those generated by the Constant Bit Rate (CBR) sources. 

• Throughput: It is the total number of bits that are successfully delivered to the 
destination in a given time period.  

• End-to-End Delay: It is defined as the average time delay for data packets to reach 
from the source node to the destination node. This includes all possible delays that 
were caused by buffering, interface queuing and data retransmission. 

• Normalized Routing Overhead: It is defined as the total number/size of routing 
packets transmitted per data packets. 

We evaluated the extended version based on the Network Simulator tool (NS3) 
which is extensively used by the research community to evaluate routing protocols 
and their variants. NS3 is an enhanced version of NS2; It is an open source software 
and a discrete-event network simulator. It is implemented using C++ and its scripts 
also can be implemented using C++. It has also better performance and enhanced 
memory management when compared to NS2. The simulator also includes many 
tracing models which makes it easy to measure the modified protocol’s performance. 
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5 Simulation Results 

We have built three different simulation scenarios to measure the performance of 
the modified version of the DSDV protocol and compare the results with four routing 
protocols considered in this study. The first scenario was built to measure the perfor-
mance in diverse load environments. We repeated every experiment twelve times 
using different number of nodes. The second scenario was built to measure the per-
formance in diverse velocity environments where every node has a different speed. 
The scenario was repeated multiple times with different pause time. The last scenario 
was carried out to compare the performance among the routing protocols based on 
different speed environments. All the nodes in this scenario have the same speed. The 
experiment was repeated several times with a new speed value for all nodes in each 
iteration. The simulation area in the three scenarios is fixed to 750m x 750m. The 
transmission range of each node is set to 250m. The duration of each scenario is fixed 
to 100s. Nodes mobility was based on random waypoint model. Table 1 summarizes 
these parameters along with their values. 

Table 1.  Simulation Parameters and their values. 

Parameter Value 
Area 750mx750m 
Transmission range 250m 
Duration 100s 
Traffic sources CBR (512 bytes) 
Mobility Model Random waypoint 
Transport protocol UDP 

 
The results of our study were split into three scenarios as follows: 

5.1 Dense vs. Sparse mobile ad hoc networks 

In this scenario, the number of nodes varied from 10 to 60 with an increment of 10 
nodes per each experiment run. The pause time is initially set to zero and node’s 
speed is fixed at 30 m/s). The rest of the parameters remained unchanged and given 
values as described in Table 1. The simulation results of this experiment are shown in 
Fig 7 where Part (a) illustrates the effect of increasing the number of nodes on the 
Packet Delivery Ratio (PDR); Part (b) shows the effect of increasing the number of 
nodes on the network Throughput; Part (c) displays the relationship between increas-
ing number of nodes and the average End- to-End delay; And finally, part (d) presents 
the relationship between increasing the number of nodes and the routing overhead. 

Based on Fig 7 we conclude the following findings:  

1. The new DSDV version has the same behavior as the other protocols, but it showed 
a noticeable improvement in terms of PDR 
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2. The overall performance of the new modification is better in sparse networks com-
pared to dense networks, whereas the difference in packets delivery ratio was about 
10% when the number of nodes number was fixed to 30  

3. In terms of throughput, the new protocol outperforms the others in all cases, but the 
results were close to the others when there are very few or very high number of 
nodes  

4. The average End-to-End delay in the new protocol was not improved since the av-
erage delay was close to other protocols, but when the number of nodes was in-
creased, the average delay was also increased significantly compared to the others 

5. The routing overhead analysis showed that the new protocol outperforms the others 
except for the protocol E-DSDV which showed a low level of routing overload. 

In summary, the performance of all the protocols was better in the sparse networks 
than in the dense ones. The new protocol also showed a remarkable improvement in 
all the performance metrics except for the average delay which was close to the other 
protocols. 

 
Fig. 7. Performance comparative charts, Part (a) Packet delivery ratio vs. number of nodes, 

Part (b) Throughput vs. number of nodes, Part(c) End to end delay vs. number of nodes, 
and Part (d) Routing overhead vs. number of nodes. 
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5.2 Continuous vs. Discrete mobility mobile ad hoc networks 

In this scenario the pause time was varied from 0 to 100 seconds with an increment 
of 20 seconds by each run. All the nodes in this scenario are moving in a fixed speed 
(30 m/s). The nodes stop moving at several random locations for the specified pause 
time. When the pause time is set to zero, the nodes move without stopping. This sce-
nario has a duration of 100s, which means that when the pause time was set to 100s, 
the nodes will stay in fixed places. The rest of the parameters are unchanged. The 
results are shown in Fig 8, where Part (a) illustrates the effect of increasing pause time 
on the (PDR); Part (b) shows the effect of increasing pause time on the network 
Throughput; Part (c) displays the relationship between increasing pause time and the 
average End-to-End delay; And finally, part (d) presents the relationship between 
increasing pause and the routing overhead. 

 
Fig. 8. Performance comparative charts, Part (a) Packet delivery ratio vs. pause time, Part (b) 

Throughput vs. pause time, Part(c) End to end delay vs. pause time, & Part (d) Routing 
overhead vs. pause time. 
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In this scenario, the nodes move in a continuous movement intercepted with ran-
dom stops. Their duration is shown in the graph. Increased paused time intervals 
means greater stability of data transmission paths, which improves the performance of 
the routing protocols. Furthermore, the performance of all the protocols is improved 
with increasing the pause time’s period. The charts also show an increasing in the 
PDR, especially in the new modified version, where performance outperforms the 
others in all stages. The same applies to throughput as its value is directly proportion-
al to the pause time interval, but it is noted that the performance of the protocol I-
DSDV is approaching the performance of the new protocol with the increase of the 
pause time interval.  

For the average End-to-End delay, it was almost constant regardless of using vari-
ous paused time intervals for all protocols except for the E-DSDV protocol. For the 
new modified version, a high average delay was observed when the stopping periods 
were short. The performance is similar to the other protocols after increasing pause 
time interval. Routing overload is inversely proportional with increasing pause time, 
because data the lifetime of transmission paths become longer. Therefore, the routing 
overhead has decreased for all protocols with increasing the pause time interval. The 
new protocol showed a considerable improvement with increased pause time and was 
better than the others.  

5.3  Low vs. High Mobility Networks 

In this scenario the speed of nodes varied from 5 to 30 with an increment of 5 m/s. 
The scenario has 30 nodes in all cases. The pause time is zero for all nodes. The rest 
of the parameters are described in the Table 1. After applying this scenario, we got the 
results shown in Fig 9. The same analysis is also applied here, but in this case, we 
study the effect of varying node’s velocity on the four measured parameters. 

As in the previous scenarios, the new protocol showed a significant improvement 
in the PDR compared to the others, and this enhancement clearly appears as the 
node’s speed gets higher. It is also noted from Fig 9 that the performance of the pro-
tocols in general was less than the new modified version when the movement includ-
ed different pause time periods. For the delay rate, all protocols showed a noticeable 
increase, especially in continuous movement environments. The new protocol showed 
a higher average delay compared to the others. This can be explained by the fact that 
the new protocol fixes the broken links with other nodes even if they present longer 
paths, which increases the required data arrival time. For the routing overhead, it 
increased for all protocols. The new protocol showed better performance than the 
others except for E-DSDV protocol.  
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Fig. 9. Performance comparative charts, Part (a) Packet delivery ratio vs. speed, Part (b) 

Throughput vs. speed, Part(c) End to end delay vs. speed, Part (d) Routing overhead vs. 
speed. 

6 Conclusion and Future Work 

ODSDV protocol is one of the most popular routing protocols in Ad hoc networks. 
It is extensively used by the research community with many variants proposed in the 
past and still appearing. In this paper, we propose a novel extend version of this pro-
tocol by modifying the messages header formats and its internal operations. One of 
these modifications is to add two new parameters to the message header, namely: 
node speed and message type; these two parameters had enabled us to fine-tune the 
measured update and settling time intervals which are considered crucial to the inter-
nal operations of this protocol. To study the effect of these modifications, we have 
implemented several scenarios: using variable number of nodes (Dense vs. Sparse 
network), using different pause time intervals (Continuous vs. Discrete Mobility Pat-
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terns), and finally, testing the protocols using different values of nodes’ speeds (Low 
vs. High Mobility Networks).  

The simulation results had shown that the new protocol can provide significant im-
provements in all scenarios. In terms of packet delivery ratio, the new protocol was 
the best in all cases. The new protocol outperforms the others regarding the through-
put. However, it did not show any improvement in the average End-to-End delay due 
to the broken link repair mechanisms. Nevertheless, we think this issue is already 
compensated by the fact that the protocol can fix broken links (even with non-optimal 
paths) to keep the nodes connected and we believe this is a good compromise. Finally, 
as all proactive routing protocols considered in this study have demonstrated high 
routing overhead relative to the actual data that was transmitted, our protocol has 
actually reduced the overhead compared to these protocols. 

As a future work, we intend to expand the proposed protocol by adding the node’s 
coordinates and its direction of movement. Obviously, this will increase the header 
size and thus increase the overhead of routing updates, but we believe that having this 
new information at hand will enable each node to take smarter decisions which can 
impact other performance metrics. 

7 Acknowledgement 

The authors would like to express their highest gratitude to AL-Quds University 
for the funding of this research. 

8 References 

[1] Abd Rahman, A., Ahmad Zukarnain, Z. (2009). Performance Comparison of AODV, 
DSDV and I-DSDV Routing Protocols in Mobile Ad Hoc Networks. European Jour-
nal of Scientific Research. 31(4), 566-576. https://doi.org/10.31142/ijtsrd158 

[2] Kumar, A., Yadav S., Maurya, K. (2013). An Overview of Mobile Ad-Hoc Networks: 
Architecture, Routing and Challenges. International Journal for Advance Research in 
Engineering and Technology. l (1), 47-51. 

[3]  Maqbool, B., Peer, M. (2010) Classification of Current Routing Protocols for Ad 
Hoc Networks - A Review. International Journal of Computer Applications, 7(8). 

[4] Perkins, C., Bhagwat, P. (1994). Highly dynamic Destination sequenced distance vec-
tor routing (DSDV) for mobile computers. Proceeding of ACM SIGCOMM. 234-
244. https://doi.org/10.1145/190809.190336 

[5] Perkins, C., Belding-Royer, E., Das., S. (2003). Ad hoc On-Demand Distance Vector 
(AODV) Routing. IETF. RFC 3561. https://doi.org/10.17487/rfc3561 

[6] Bhatia, D., Sharma, D. (2016). A Comparative Analysis of Proactive, Reactive and 
Hybrid Routing Protocols over open Source Network Simulator in Mobile Ad Hoc 
Network. International Journal of Applied Engineering Research. 11(6), 3885-3896. 

[7] Johnson, D., Maltz, D. (1996). Dynamic Source Routing in Ad Hoc Wireless Net-
works. Mobile Computing Journal. 5, 153–181. https://doi.org/10.1007/978-0-585-
29603-6_5 

iJIM ‒ Vol. 14, No. 6, 2020 111



Paper—DSDV Extension to Enhance the Performance of Ad Hoc Networks in High Diverse-Velocity 

[8] Ahmeda, G., Barskarb, R., Barskarc, N. (2012). An Improved DSDV Routing Proto-
col for Wireless Ad Hoc Networks. International Conference on Communication, 
Computing & Security (ICCCS-2012). 6, 822 – 831. https://doi.org/10.1016/j.protcy. 
2012.10.100 

[9] Agarkhed, J. (2017). A Survey on DSDV Routing Protocol in Ad hoc Network. In-
ternational Journal of Emerging Trends & Technology in Computer Science. 6(5), 
114-117. 

[10] Loo, J., Mauri, J., Ortiz, J. (2012) Mobile Ad Hoc Networks Current Status and Fu-
ture Trends. CRC Press. https://doi.org/10.1201/b11447 

[11] Khan, K., Reddy, A., Zaman, R. (2008). An Efficient DSDV Routing Protocol for 
Wireless Mobile Ad Hoc Networks and its Performance Comparison. IEEE. 506-511. 
https://doi.org/10.1109/ems.2008.11 

[12] Khan, K., Zaman, R., and Reddy, A. (2009) The Performance of the Extended DSDV 
(eDSDV) MANET Routing Protocol and its Suitability in Integrated Internet-
MANET. International Journal of Simulation Systems, Science & Technology. 10(2), 
38-46. 

[13] Gorantala, K. (2006). Routing Protocols in Mobile Ad-hoc Networks. MSc. Disserta-
tion, Dept. Of Computer Science, Umeå University, SE-901 87 UMEÅ SWEDEN. 

[14] Naseem, M., Kumar, C. (2013). EDSDV: Efficient DSDV Routing Protocol for MA-
NET. International Conference on Computational Intelligence and Computing Re-
search, IEEE. 1-4. https://doi.org/10.1109/iccic.2013.6724265 

[15] Elias, M., Campista, M., Rubinstein G. (2014). Advanced Routing Protocols for 
Wireless Networks. ISTE Ltd and John Wiley. https://doi.org/10.1002/97811189849 
49.ch6 

[16] Gulati, M., Kumar, K. (2014). Performance Comparison of Mobile Ad hoc Network 
Routing Protocols. International Journal of Computer Networks & Communications. 
6(2). https://doi.org/10.5121/ijcnc.2014.6211 

[17] Jacquet, P., Muhlethaler, P., Clausen, T., Laouiti, A., Qayyum, A., Viennot, L. 
(2001). Optimized link state routing protocol for ad hoc networks. in Proceedings of 
the 5th IEEE Multi Topic Conference, INMIC 200I. 62-68. https://doi.org/10.1109/in 
mic.2001.995315 

[18] Rehman, S., Khan, M., Zia, T., Zheng, L. (2013). Vehicular Ad-Hoc Networks 
(VANETs) - An Overview and Challenges. Journal of Wireless Networking and 
Communications. 3, 29-38. 

[19] Murthy, S., and Garcia-Luna-Aceves, J. (1996). An Efficient Routing Protocol for 
Wireless Networks. ACM Mobile Networks and App., Special Issue on Routing in 
Mobile Communication Networks. 183–97. https://doi.org/10.1007/bf01193336 

[20] Shelja, S., Suresh, K., K., R. (2011). Study of Route Reconstruction Mechanism in 
DSDV Based Routing Protocols. International Journal of Computer Engineering Sci-
ence. 1(2), 34-46. 

[21] Ahn, S., Shankar, A. (2001). Adapting to route-demand and mobility in ad hoc net-
work routing. Proceedings Ninth International Conference on Network Protocols, 
IEEE. 44 – 52. https://doi.org/10.1109/icnp.2001.992759 

[22] Liu, T., Liu, K. (2007). Improvements on DSDV in Mobile Ad Hoc Networks. Inter-
national Conference on Wireless Communications, Networking and Mobile Compu-
ting, IEEE. 1637 – 1640. https://doi.org/10.1109/wicom.2007.412 

[23] Larsson, T., Hedman, N. (1998). Routing Protocols in Wireless Ad-hoc Networks - A 
Simulation Study. MSc. Dissertation, Dept. Of Computer Science, Luleå University 
of Technology, Stockholm, Sweden. 

112 http://www.i-jim.org



Paper—DSDV Extension to Enhance the Performance of Ad Hoc Networks in High Diverse-Velocity 

[24] Prasan, U., Murugappan, S. (2016). An Analysis on Vehicular Ad-Hoc Networks: 
Research Issues, Challenges and Applications. International Journal of Applied Engi-
neering Research. 11(6), 4569-4575. 

[25] Lee, U., Midkiff, S. Park, J. (2005). A proactive routing protocol for multi-channel 
wireless ad-hoc networks (DSDV-MC). International Conference on Information 
Technology: Coding and Computing (ITCC'05). 2,710 – 715. https://doi.org/10.1109/ 
itcc.2005.26 

[26] Park, V., Corson, M. (1997). A highly adaptive distributed routing algorithm for mo-
bile wireless networks INFOCOM '97. Sixteenth Annual Joint Conference of the 
IEEE Computer and Communications Societies. Driving the Information Revolution, 
Proceedings IEEE. 3, 405 – 1413. https://doi.org/10.1109/infcom.1997.631180 

[27] Kai, W., Yang-yang, G., Jian-feng, G., Ya-juan, Q. (2011). MDSDV: a modified 
DSDV routing mechanism for wireless mesh networks. The Journal of China Univer-
sities of Posts and Telecommunications, Elsevier. 18(2), 34-39. https://doi.org/10.10 
16/s1005-8885(10)60142-2 

[28] Yang, X., Sun, Z., Miao, Y., Kang, N. Yang, Y. (2015). Performance Optimization 
for DSDV in VANETs. 17th UKSim-AMSS International Conference on Modelling 
and Simulation (UKSim), IEEE. 514-519. https://doi.org/10.1109/uksim.2015.29 

[29] Haas, Z. (1997). A new routing protocol for the reconfigurable wireless networks. 
Proceedings of ICUPC 97 - 6th International Conference on Universal Personal 
Communications, San Diego, CA. 2, 562 – 566. https://doi.org/10.1109/icupc.1997.6 
27227 

9 Authors 

Mada’ Abdel Jawad is a vocational teacher in the Computer Workshop at Salfit 
Industrial School in Palestine. He is currently a Master student in Computer Science 
at Al-Quds university in Jerusalem. He is working on his Master’s Thesis on Routing 
Protocols in MANETs. He received his B.Sc. in Computer Engineering at Philadelph-
ia University in Jordan. He is also interested in Open Source Software development 
and Operating Systems. 

Saeed Salah is an Assistant Professor at the Department of Computer Science at 
Al-Quds University in Jerusalem. He received his B.Sc. in Electrical Engineering 
from Al-Najah National University in Palestine in 2003, his M.Sc. degree in Comput-
er Science from Al-Quds University in 2009, and his Ph.D. from the Department of 
Signal Theory, Telematics and Communications of the University of Granada, Spain. 
His research interests are mainly focused on Network Management, Routing Proto-
cols, Information and Network Security, Machine Learning, knowledge-based Sys-
tems, and Blockchain. Dr. Salah published many peer-reviewed research papers in 
recognized international Journals and Conferences. Moreover, he acts as a reviewer 
for a number of international journals and conferences.  

Raid Zaghal is an Assistant Professor at the Department of Computer Science at 
Al-Quds University in Jerusalem. Dr. Zaghal received his Ph.D. in Computer Science 
from Kent State University in Ohio, USA in 2005, and his Master in Computer Sci-
ence from the American University in Washington DC in 1996. Currently he is an 
Assistant Professor, lecturer and researcher at the Computer Science Dept at Al-Quds 

iJIM ‒ Vol. 14, No. 6, 2020 113



Paper—DSDV Extension to Enhance the Performance of Ad Hoc Networks in High Diverse-Velocity 

University (since 1996). His research interests are in Network Theories and Protocols’ 
Design, Routing Protocols, MANETs, Cloud-Computing, and Mobile Applications. In 
the past 13years, he has advised more than 20 Master students on a number of re-
search projects in these fields and published many articles in International Confer-
ences and Journals. 

Article submitted 2019-10-17. Resubmitted 2019-12-09. Final acceptance 2019-12-10. Final version 
published as submitted by the authors. 

114 http://www.i-jim.org



Paper—An Integrated Conceptual Model for m-Government Acceptance in Developing Countries 

An Integrated Conceptual Model for m-Government 
Acceptance in Developing Countries: 

The Case Study of Jordan 

https://doi.org/10.3991/ijim.v14i06.11449 

Dr. Bassam A. Y. Alqaralleh (*) 
Al-Hussein Bin Talal University (AHU), Ma'an, Jordan 

alqaralleh@ahu.edu.jo 

Dr. Ahmad H. Al-Omari 
Northern Border University, Arar, Saudi Arabia 

Dr. Malek Zakarya Alksasbeh 
Al Hussein Bin Talal University, Ma'an, Jordan 

Abstract—Mobile government services have changed how people and busi-
nesses can benefit from government public services at any time and from any-
place. The success of these services is becoming more dependent on satisfying 
the needs and the expectations of both citizens and business organizations. The 
current study aims to propose a new integrated conceptual model for examining 
some important key factors that may affect m-Government acceptance in Jordan 
from user perspective. It also aims to explore the effect of the following factors: 
trust in mobile technology, trust in government, perceived usefulness, perceived 
ease of use, compatibility, service quality and user satisfaction on the behavior-
al intention to use mobile government applications. A survey method was ap-
plied through self-administrated questionnaire that were distributed randomly to 
500 citizens who have used mobile government services. Empirical tests were 
conducted to analyze the collected primary data. Results showed that Jordanian 
citizens intention to use m-Government services increases if they have high lev-
el of positive trust toward Internet and the technologies used to access m-
Government services. Perceived ease of use and perceived usefulness were the 
original constructs in Technology Acceptance Model. Failures to reveal the ad-
vantages of m-Government services to potential users will most likely result in 
low rate of satisfaction. Thus, both perceived ease of use and perceived useful-
ness were found to have a significant effect on citizen satisfaction. Results indi-
cated the appropriateness of the fundamental elements of Technology Ac-
ceptance Model in the Jordanian m-Government context. The higher levels of 
satisfaction lead to more usage and acceptance of modern mobile service.  

Keywords—M-Government, e-Government, technology acceptance, success 
factors, mobile network 
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1 Introduction 

Globally, Information and Communication technology (ICT) is gradually becom-
ing more important part of our daily life. Mobile services has emerged as a result of 
the significant growth in ICT such as mobile technology (i.e. WAP and Satellite), 
mobile devices (i.e. smart phones, handheld and laptop computers) along with instant 
messaging (i.e. SMS and MMS), other Internet services and web applications [1]. 
These technologies presented many new opportunities for mobilizing the collabora-
tion and interaction between humans, firms and organizations by employing the pow-
er of mobile networks to close the connectivity gap between them and provide access 
to innovative mobile services from anywhere at any time. 

Most recently, several researchers highlighted the advantages of the integration of 
mobile technology and various important fields such as education, government, 
healthcare, etc. For example, some researchers [2-5] stated that education institutions 
must follow the fast propagation of mobile technology and incorporate mobile digital 
devices in their classrooms since mobile devices have been recognized as the new 
media for the delivery of education materials and the collaboration between the mem-
bers of the educational community, at various levels of education. 

On the other hand, governments worldwide seek for new and advanced technolo-
gies to link government to citizens and firms and to facilitate online information shar-
ing. Due to the massive penetration rate of mobile devices among public citizens, 
these governments moved from electronic government (e-Government) to mobile 
government (m-Government) to develop the social life in their countries via facilitat-
ing the delivery of government public services and information to citizens and firms 
[6]. 

A successful m-Government has two key elements. The first is a successful design 
and implementation. The second is an effective user engagement and acceptance of its 
services. Developing new mobile services that are not accepted by the users will in-
crease the failure rate for these services and will waste the design and implementation 
efforts [7]. In order to prevent this waste, the acceptance of new services and technol-
ogies should be an important concern of government institutions and the developers of 
mobile systems worldwide and must be assessed beforehand. 

Within the context of Jordan as an example of developing countries, it seems that 
Jordanian citizens are not fully interested in accepting the increasing amount of new 
innovations at the service level such as m-Government services. Many research stud-
ies [8, 9] argue that in spite of the growing investment of the governments in e-
services at different government levels such as national and local levels, the research 
results revealed evidence of poor citizen adoption of e-government. So do the authors 
in [10] claimed that the acceptance of m-Government services in Jordan is still in 
infancy stage in contrast to other mobile applications. Therefore, it is important to 
highlight the factors that affect Jordanian citizens’ acceptance of m-Government ser-
vices to be able to predict their reaction towards new technologies. 

Therefore, this study proposes a theoretical conceptual model for m-Government 
acceptance to analyze the most influential factors that affect the behavior of Jordanian 
citizens towards accepting m-Government services. Identifying these factors can help 
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to develop m-Government applications and avoid the possibility of its failure. The 
aim of this study is to help us to provide a conceptual model that may suit the Jorda-
nian context and develop a potential efficient strategy to raise the participation of 
Jordanian citizens as end users of m-government services. A better understanding of 
these factors is significant for policy making in Jordan. Therefore, it can be argued 
that although this paper focuses on Jordan, the key findings provided may have im-
portant implications for other Arab countries and other developing countries which 
have similar circumstances as Jordan. 

2 Literature Review 

M-government is defined as the utilization of mobile technologies, applications and 
devices in changing government procedures, and enhancing the delivery of govern-
ment services to the main parties who are involved in m-Government including public 
citizens and business firms [11, 12]. M-Government can support the mobility of citi-
zens, and provide them with customized, real-time and location-based information 
and services. Also, it can be considered as another channel to deliver government 
services to citizens in rural and urban areas and to extend the delivery of government 
services to those who simply prefer to use mobile devices [13].  

Successful design and implementation of m-Government can be considered an im-
portant factor for increasing the success rate of m-Government projects. Therefore, it 
is important to highlight some of the technical challenges and barriers that may affect 
m-Government development and dissemination efforts in developing countries such 
as lack of infrastructure, compatibility and security threats [14]. Moreover, the authors 
in [15] argued that regardless some success, the e-government program in Jordan still 
face key challenges such as lack of citizens’ awareness, limited ICT skills among the 
government employees, integration problems, financial issues. 

2.1 M-Government acceptance in developing countries 

Most of the previous studies regarding various issues of m-Government has con-
centrated on developed countries (i.e. Hong Kong, Germany and Singapore) where m-
Government has already become more important for the provision of public govern-
ment services. On the other hand, m-Government in developing countries is still in its 
early stage and its actual acceptance rate is still below the expectations due to some 
important factors such as the government support and the level of ICT infrastructure.  

Jordan is a good example of developing countries which have a good opportunity 
to offer a new era for m-Government adoption since the mobile devices penetration 
rate was 118.2 per cent in December 2011 [16]. Also, SMS service has become huge-
ly popular recently, particularly with younger generation. In 2008, Jordanian govern-
ment has started a new SMS gateway project to provide some of its services via mo-
bile phones to improve government-to-citizen communications using SMS services. 
This project has shown to be effective in reaching people living in rural areas. The 
Jordanian government has invested a large amount of money in e and m-Government 
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projects to solve many problems such as the shortages of resources (i.e. human re-
sources). As mentioned earlier, m-Government projects may not succeed if the num-
ber of people that are keen to accept its services is not enough even if it is sufficiently 
funded and well designed. Also, this will increase the risk of wasting the invested 
human, financial, and technical resources [17]. Factors such as trust, satisfaction, and 
PEOU, PU, and quality of service are other important related factors that may affect 
citizen's acceptance of m-Government. 

2.2 Previous studies 

In order to support the success of innovative services, it is important to observe the 
important determinants of IT services usage which are essential to illustrate the ac-
ceptance of m-Government services. Thus, various Information System (IS) theo-
ries/models (i.e. Theory of Reasoned Action (TRA), Technology Acceptance Model 
(TAM), Diffusion of Innovations (DOI)) have been globally tested, modified and 
developed over the years. Each of these theories/models was created using different 
set of constructs in order to predict, understand and explain individuals' behavior 
towards the acceptance of technology and information systems. There are a plenty of 
studies in the literature that have used these theories as a theoretical basis for their 
research models. 

In the context of Jordan, Abu-Shanab [18] proposed a conceptual model based on 
TAM to investigate the factors that may affect the intention to use some m-
Government services (i.e. SMS based services). The study has recognized six factors 
that are closely related to the intention to accept m-Government in Jordan. These 
factors are Social influence, perceived usefulness (PU), perceived ease of use 
(PEOU), perceived compatibility, perceived cost and perceived responsiveness. An 
empirical test was conducted utilizing surveys. The correlations and regression anal-
yses indicated that all factors except for perceived cost of service have significant 
relationship with the user's intention to use m-Government services. Similarly, Althu-
nibat et al. [19] examined the influence of PU and PEOU which are the main con-
structs in TAM. Their study stated that these two constructs can influence citizen’s 
acceptance of m-Government services in Jordan. 

In the context of other developing countries, Almuraqab and Jasimuddin [20] have 
identified ten factors that may influence end-user acceptance of m-Government ser-
vices in UAE. These factors are social influence, PU, PEOU, awareness, facilitating 
conditions, perceived cost, perceived trust in government, perceived trust in technolo-
gy, perceived risk and perceived compatibility. Alotaibi et al. [21] also examined 
some potential factors that may affect m-Government acceptance in Saudi Arabia. 
These factors include perceived trustworthiness, enjoyment, user experience, aware-
ness and security. This study found that these factors except enjoyment may have 
significant effect on m-Government acceptance in Saudi context. Also, Babullah et al. 
[22] in their study adopted some factors from the UTAUT2 model along with other 
variables such as perceived risk and innovativeness. The findings stated that these 
factors can play some role in influencing the participants' behavioural intention to use 
m-Government in Saudi Arabia. 
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Based on the former literature revision, it can be argued that it is obvious that TAM 
is the most influential theory that clarifies user satisfaction and technology acceptance 
factors due to its predictive power [23, 24]. Paul and John [25] stated that TAM mod-
el must be combined with a wider set of variables which are related to both social and 
human factors to enhance its predictive power. In line with their suggestion, this study 
has proposed an extended conceptual framework which adopts the key factors of 
TAM and incorporates the key factors of TRUST model, Diffusion of innovation 
theory (DOI), service quality and user satisfaction. These factors were carefully cho-
sen according to the previous literature that demonstrated the important role that these 
factors play in influencing the user's acceptance of mobile services. 

3 Research Model and Hypotheses Development 

There are five aspects to our model: first, TAM which has roots in direct and indi-
rect prediction of user's satisfaction and his behavioral intention to use new technolo-
gies and information systems; second, DOI theory which seeks to explain the process 
through which innovations are disseminated in the society; Trust model which is es-
sential to understand the degree of confidence that the services will be provided to the 
users according to their expectations; Service quality which seeks to explain the ante-
cedents that affect user behavior and satisfaction; Finally, user satisfaction which may 
lead to a greater level of acceptance. These theories/models were presented as a suita-
ble theoretical background to examine the key factors that may affect m-Government 
acceptance in Jordan. 

This section presents our research model and hypotheses. Based on the objectives 
and the theoretical perspectives specified earlier and according to the related literature 
regarding m-Government acceptance key success factors, the main constructs of used 
variables were derived, and the theoretical model was established as shown in Figure 
1. Seven hypotheses were proposed, one for each variable in the model. The inde-
pendent variables are proposed to have direct and indirect relationships with the main 
dependent variable which is m-Government acceptance. The social factors are repre-
sented by citizens’ trust in government and trust in mobile technology. Compatibility 
is the main element of the DOI. PEOU and PU are the main determinants in TAM. 
Finally, the last factor was the quality of service. It is important to mention that 
PEOU, PU, and quality of service are proposed to have direct relationships with the 
variable, citizen satisfaction, which in turn influences the dependent variable (m-
Government acceptance). 
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Fig. 1. The Proposed Research Model 

3.1 Trust 

Trust has received significant attention in recent research since it is crucial for the 
success of a broad range of public services including e and m-services that depend on 
behavioral responses from the public citizens. Warkentin et al. [26] defines trust as a 
willingness to believe that others will act in a predictable and consistent manner.  

Trust is essential in building relationships and increasing the confidence. The nega-
tive consequences that can stem from the absence of trust in online services can ob-
struct the success of the service level of e & m-Government [27]. Lack of trust com-
promises the willingness of mobile users to perform their transactions and to ex-
change sensitive and personal information online [28]. Trust has different definitions 
emerged from many disciplines which have examined it. These definitions can be 
roughly divided in two major streams: 

Trust in mobile technology: M-Government transactions involve people, gov-
ernment organizations, and the technologies applied by them through their interac-
tions with each other [29]. These applied technologies rely on mobile devices and 
telecommunication networks which offer some features that are exclusive to mobile 
contexts such as mobility, ubiquity, and contextual offers [30]. M-Government trust is 
built when public citizens form more positive impressions of their online interactions 
with the government organizations regarding their concerns for security and privacy 
of their information, and when they agree to accept vulnerability in dealing with it 
[31]. Using Lee's [30] definition, this study defines trust in mobile technology in the 
context of m-Government as citizen's willingness to be vulnerable while interacting 
with the government through a mobile device given existing expectations regarding 
intentions and behavior of the other party. According to these arguments, the authors 
make the following hypothesis: 

H1: Higher levels of trust in mobile technology will positively affect the m-
Government acceptance in Jordan. 
Trust in government: this research stream treats trust as an aspect of expectation 

regarding the behaviour of the government as an interaction partner [32]. Trust in 
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government has received much discussion in the political science literature since it is 
crucial to enhance the relationship between public citizens and their government. 
Trust plays a significant role in enabling public citizens to become willing to interact 
with m-Government services and have confidence that the government will make the 
right decisions regarding protecting and providing its services [33]. Trust in govern-
ment can be affected by citizen's experience of using its public services. Therefore, 
the ability of the government to provide services that is tailored to the citizens' needs 
and the proper planning and performing of these services can ensure the success of m-
Government services. Based on these arguments, the authors make the following 
hypothesis: 

H2: Higher levels of trust in government will positively affect the m-
Government acceptance in Jordan. 

3.2 Technology acceptance model 

TAM model was proposed by Davis [34] to determine the potential user’s behav-
ioral intention when using a new innovated technology. Some studies [35, 36] have 
stated that TAM is extensively used to measure the acceptance of new IT innovations. 
Also, Mather et al. [37] in their study did confirm that the main TAM constructs, PU 
and PEOU, were suitable to predict user satisfaction which leads to greater level of 
acceptance. TAM adapts Theory of Reasoned Action (TRA) to explain why users 
accept or discard new system or new technology [38]. According to TAM, the con-
sumer's attitudes toward his intention to use the system are influenced by two percep-
tions, usefulness and ease of use [34]. This study examines the role of PU and PEOU 
in influencing the user's satisfaction and user's intention to accept m-Government 
services in Jordan. 

Perceived Usefulness: can be defined as the degree to which citizens believes that 
the use of m-Government services can improve their job performance and enhance 
their life and make it stress-free [34]. Moreover, the related literature has stated that 
PU has an important influence on the acceptance of both e and m-Government ser-
vices [18] [23]. In the context of Jordan, the authors in [19, 39] reported that a higher 
level of PU lead to higher levels of intention to use e-Government services in Jordan. 
This finding indicates that citizens will be satisfied when they receive more useful m-
Government services, and as a result, they will be keen to accept m-Government. 
According to the above arguments, the authors make the following hypothesis: 

H3: Higher levels of PU will positively affect the citizen satisfaction. 
Perceived Ease of Use: is defined as "the degree to which a person believes that 

using a particular system would be free of effort" [34]. This construct has been used 
in prior mobile technology acceptance studies. Some scholars [19, 18] declared that 
end-users will be motivated to use a service if it is simple, practical, less hassle, easy 
to access and easy to use. Further recent studies [19, 23] have also stated that PEOU 
has a significant influence on user satisfaction and his acceptance of m-Government 
services. Based on these arguments, the authors make the following hypothesis: 

H4: Higher levels of PEOU will positively affect the citizen satisfaction. 
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3.3 Diffusion of innovation theory (DOI) 

Diffusion of Innovation theory [40] became one of the most popular models that 
can be used in a broad variety of disciplines (i.e. information systems) research to 
explain user acceptance of new ideas and new technologies. Rogers [40] defines an 
innovation as "an idea or object that is perceived to be new". Also, he defines diffu-
sion as "the process by which an innovation is communicated through certain chan-
nels over time among the members of a social society". According to DOI, the indi-
vidual’s decision to accept the innovated technology is affected by its following at-
tributes: relative advantage, compatibility, complexity, trialability and observability 
[41]. After a literature review, the authors in [42] stated that relative advantage, com-
plexity and compatibility were found to be the most relevant constructs to acceptance 
and adoption research. However, Moore and Benbasat [43] revealed that there is a 
conceptual overlapping between relative advantage and complexity with TAM's PU 
and PEOU, respectively. Therefore, this study excluded these two innovation attrib-
utes from the proposed research model and presented compatibility as an important 
key factor affecting the acceptance of m-Government in Jordan. Compatibility is 
defined as "the degree to which an innovation is seen to be compatible and consistent 
with existing values, beliefs, past experiences and needs of the potential users" [44]. 
Thus, the following hypothesis is tested: 

H5: Higher levels of compatibility will positively affect the m-Government ac-
ceptance in Jordan 

3.4 Quality of service 

In the context of online services, quality of Service and its influence on user's satis-
faction has received considerable academic attention in the past few years [45]. Every 
service must fulfill a list of requirements in order to improve its quality. In fact, some 
unclear and contradictory objectives may be introduced when we face various users' 
needs and requirements to fulfill simultaneously along with having those requirements 
unclear, incompatible or inaccurate. The authors in [46] defined the quality of service 
as a measure of the difference of service performance between the customers' expecta-
tions and the delivered service. Based on the literature [47, 48], the selected measures 
of service quality elements that have been used in this study are: awareness, accessi-
bility, availability, reliability, accuracy, responsiveness, courtesy and helpfulness. In 
the light of the above arguments, the authors make the following hypothesis: 

H6: Higher levels of quality of service will positively affect the citizen satisfac-
tion 

3.5 Citizen satisfaction 

User satisfaction can be viewed as the core of successful e-government adoption 
[49]. The success and survival in online environment of electronic and mobile ser-
vices depends directly on user satisfaction and indirectly on the quality of delivered 
service [50]. Also, Udo et al. [51] claimed that quality of service is a predecessor of 
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customer satisfaction. As mentioned earlier, Mather et al. [37] stated that the main 
TAM constructs, PU and PEOU, were suitable to predict user satisfaction which leads 
to greater level of acceptance. Also, Westbrook [52] stated that customer satisfaction 
is a valid measure of subjective evaluation of any outcome or experience related to 
purchasing a product/service. However, Shankar et al. [53] claimed that customer 
satisfaction can be measured through transactional satisfaction and overall satisfac-
tion. Transactional satisfaction can be derived from specific individual transactions 
and leads to overall satisfaction of the customer which can encourage service ac-
ceptance. Thus, the following hypothesis is tested: 

H7: Higher levels of citizen satisfaction will positively affect the m-Government 
acceptance in Jordan. 

4 Research Methodology 

The research methodology explains a few aspects about the survey method, sam-
pling technique, survey design, pilot study and data collection procedure. Also, in this 
section the authors discuss the details of sample profile. 

4.1 Survey design and pilot study  

A survey method was applied for this study which adapted a set of questionnaires 
raised by previous studies [47, 54-59]. The survey questions were considered and 
developed to be short and simple. Also, back translation technique [60] was used to 
translate the questionnaire into Arabic language since the participants are native Ara-
bic speakers. The questionnaire was reviewed by two bilingual experts to guarantee 
successful translation. The survey items were rated using 5 point-Likert-scales rang-
ing from strongly disagree to strongly agree. 

A pilot study was conducted at some Jordanian government Universities. 35 facul-
ty staff and students were asked to complete the questionnaire and to give written and 
verbal feedback. On the other hand, the researchers applied reliability tests for each 
construct to measure the goodness of measuring instrument and ensure more accuracy 
in the results. The instrument was finalized after making some minor changes based 
on the provided feedbacks. The questionnaire consisted of 9 sections. The first section 
was designed to obtain the demographic data whereas the following 8 sections were 
designed to obtain information about the factors used in the research model. 

4.2 Data collection procedure 

The research team personally distributed the questionnaires to the participants to be 
able to respond to any question immediately, introduce the research topic, reduce 
ambiguity and encourage the participants to give accurate and full answers while 
filling in the questionnaire [61]. The data collection for this study started in February 
2018 in the city of Amman in Jordan. The data were collected randomly from 500 
citizens who have used mobile government services. The survey response rate (85 per 
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cent) was high and acceptable since 425 questionnaires were returned. However, 45 
incomplete questionnaires were excluded. Finally, 380 responses were accepted for 
final analysis. Therefore, the usable response rate was 76 per cent. 

4.3 Sample profile 

A purposive sampling was employed as sampling technique where a specific pre-
defined group of participants that suit the purpose of the study is selected. Moreover, 
it was decided that the suitable randomly selected respondents must fit in the age 
groups, and preferably should be aware of mobile services. Sekaran [62] stated that 
purposive sampling is appropriate since it involves the choice of the ideal subjects 
who can provide the required information. 

As shown in Table 1, the analysis results of the demographic data of the respond-
ents are as follows: 66.3 per cent were males and 33.7 per cent were females. These 
results demonstrate the sufficiency of the variety of responses in generalizing research 
findings to both genders. Moreover, this study includes 5 age groups, ranging from 
under the age of 18 to the age of 65 years old. Table 1 shows that the age group of 18 
– 34 years old represents the major ages of this study since the majority (68 percent) 
of the survey respondents were in this group. Also, more than half of the respondents 
(53.2 percent) had a bachelor's degree and above.  

Table 1.  Demographic Profile of Respondents – Age, Gender and Education level 

Attribute Demographic Distribution 
Frequency Percent (%) 
Gender 

Male 252 66.3 
Female 128 33.7 

Age 
Under 18 6 1.7 
18-24 152 40.0 
25-34 107 28.0 
35-49 95 25.0 
50-65 20 5.3 

Education Level 
Primary School 11 2.8 
Secondary School 70 18.4 
Diploma 97 25.6 
Degree and Above 202 53.2 

5 Data Analysis and Research Results 

In this study, different data analysis techniques were applied. These techniques in-
clude descriptive, reliability, exploratory factor, correlation, and regression analysis. 
As recommended by [63], the measurement model was first examined for reliability 
and validity of the research constructs to test the goodness of the measurements, fol-
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lowed by an analysis of the correlation and multiple linear regression for testing the 
research hypotheses in the research model. In this section, correlation analysis using 
Pearson correlation matrix was applied to test the direct relationship between the 
hypothesized variables and measure the strength of these relationships. On top of that, 
multiple regression analysis was performed in order to investigate the influences of 
independents variables (IVs) on the dependent variables (DVs). 

5.1 Descriptive analysis  

Descriptive statistics analysis is performed for all questionnaire items. The values 
of mean, standard deviation, and skewness and kurtosis were examined for testing the 
normality of data. Most of the respondents were satisfied with the items in this study 
since the results showed that the values of mean ranged from (3.5467) to (4.2133) on 
a five-point scale. Also, the standard deviations ranged from (.9035) to (.9879). The 
descriptive statistics which are shown in Table 2 indicate that the analysis results were 
acceptable. Moreover, the normality distribution ranged from -1 to +1 according to 
skewness and kurtosis assumptions which shows sufficient results [64]. 

Table 2.  Descriptive analysis 

Constructs Items Mean Std. Deviation Skewness Kurtosis 

Trust in Mobile Technology 
(TMT) 

TMT 1 3.7913 0.908 -.743 .229 
TMT2 3.8795 .9590 -.767 .541 

Trust in Government (TG) 
TG1 3.8469 .9561 -.870 .756 
TG2 3.9231 .9553 -.597 .783 
TG3 3.9427 .9554 -895 .786 

Perceived ease of use 
(PEOU) 

PEOU1 3.8428 .9551 -.775 .791 
PEOU2 4.0424 .9543 -.985 .764 
PEOU3 3.5467 .9474 -.074 .969 
PEOU4 4.1464 .9336 -.748 .488 
PEOU5 4.0264 .9336 -.754 .567 

Perceived Usefulness (PU) 

PU1 3.9272 .9314 -.435 .423 
PU2 4.1542 .9284 -.635 .734 
PU3 4.1953 .9122 -.465 .544 
PU4 4.0133 .9848 -.543 .529 

Quality of service (QS) 

QS1 4.1543 .9581 -.632 .759 
QS2 4.1936 .9847 -.453 .522 
QS3 4.2104 .9858 -.541 .579 
QS4 4.0232 .9879 -.653 .722 
QS5 4.0519 .9760 -.726 .659 
QS6 3.9472 .9394 -.485 .375 
QS7 4.1552 .9484 -.635 .759 
QS8 4.1953 .9821 -.455 .522 
QS9 4.2133 .9848 -.541 .579 
QS10 4.0243 .9849 -.653 .722 
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QS11 4.0514 .9732 -.725 .659 
QS12 3.9463 .9845 -.486 .375 
QS13 4.1524 .9541 -.632 .759 
QS14 4.1923 .9542 -.466 .522 
QS15 4.2124 .9358 -.533 .579 
QS16 4.1912 .9447 -.444 .622 

Compatibility (C) 

C1 3.8187 .9035 -.135 .465 
C2 3.8042 .9207 -.146 .538 
C3 3.8164 .9785 -.626 .718 
C4 3.8288 .9670 -.782 .824 

Customer Satisfaction (CS) 
CS1 3.8238 .9373 -.763 .714 
CS2 3.8342 .9613 -.774 .630 
CS3 3.8263 .9432 -.785 .622 

Behavioral Intention (BI) 
BI1 3.8181 .9170 -.723 .713 
BI2 3.8032 .9200 -.734 .614 
BI3 3.8223 .9330 -.745 .735 

5.2 Goodness of measurement: Reliability and validity 

The reliability and the validity were tested to ensure the goodness of measurement. 
The reliability test in this study is assessed using Cronbach's alpha [65] which is con-
sidered the most popular method used for calculating internal consistency of all varia-
bles [66]. According to Hair et al. [63], the coefficient of reliability (Cronbach's Al-
pha) needs to be more than 0.7 to be acceptable. As shown in Table 3, the reliability 
test shows values above 0.70, ranging from 0.77 to 0.92, for all constructs. These 
results show well-structured model which have a good level of internal consistency 
and indicates satisfactory reliability for all variables. 

Table 3.  Results of Reliability analysis 

Constructs # Items Cronbach's Alpha (α ≥ 0.7) 
TMT 2 0.92 
TG 3 0.89 
PEOU 5 0.91 
PU 4 0.88 
QS 16 0.77 
C 4 0.84 
CS 3 0.87 
BI 3 0.86 

 
In order to establish construct validity test, convergent and discriminant validity 

tests were applied. Convergent validity was evaluated based on Confirmatory Factor 
Analysis by investigating the factor loadings that should be above the threshold of 
(0.7) as recommended by [67]. The results in Table 4 indicates that all items have 
loadings above 0.7 which indicate agreeable factors loading for all variables. 
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Table 4.  Confirmatory Factor Analysis 

TMT TG PEOU PU QS C CS BI 
.798 .865 .866 .856 .902 0.88 .903 0.83 
.802 .871 .867 .842 .903 0.85 .898 0.81 

 .863 .878 .858 .898 0.89 .896 0.82 
  .884 .855 .896 0.83   
  .889  0.83    
    0.81    
    0.82    
    0.79    
    0.84    
    0.71    
    0.73    
    0.75    
    0.72    
    0.76    
    0.78    
    0.80    

 
Discriminant validity test was conducted to determine the degree of correlation be-

tween the various variables [68]. This test was conducted using the correlation matrix 
approach. The results in Table 5 showed that all the off-diagonal values for all varia-
bles are less than 0.85 as suggested by [69], thus indicating that discriminant and 
convergent validity of the measures are reasonable. 

Table 5.  Assessment of discriminant validity 

Variables TMT TG PEOU PU QS C CS BI 
TMT 1        
TG 0.582 1       
PEOU 0.472 0.493 1      
PU 0. 563 0. 454 0. 559 1     
QS 0. 534 0. 424 0. 458 0.466 1    
C 0.543 0.491 0.543 0.447 0.473 1   
CS 0.465 0.471 0.473 0.465 0.435 0.579 1  
BI (m-Gov Acceptance) 0.468 0.429 0.293 0. 473 0. 429 0.565 0.561 1 

 
These results support the reliability and the validity of the variables, and show that 

the proposed measurement model exhibit a good fit with the obtained data. As a re-
sult, the proposed structural model is close enough to contribute to the citizens ac-
ceptance of m-Government services in Jordan. 
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5.3 Hypotheses testing: Correlation analysis 

In this section, Pearson's correlation analysis was conducted to quantify the 
strength of linear relationship between every pair of variables in the hypotheses. The 
correlations between the independents variables (IVs) and the dependent variables 
(DVs) in the research model are shown in Table 6. The correlation analysis supports 
the seven hypotheses since the results demonstrated a significant positive relationship 
between the variables, thereby, confirming the hypothesis.  

Table 6.  Summary of correlation analysis results 

Hypotheses IV DV Results Support or not 
H1 TMT BI 0.453 Support 
H2 TG BI 0.522 Support 
H3 PEOU CS 0.468 Support 
H4 PU CS 0.593 Support 
H5 QS CS 0.654 Support 
H6 C BI 0.659 Support 
H7 CS BI 0.711 Support 

5.4 Hypotheses testing: Regression analysis 

In this study, seven hypotheses were proposed to test the impacts of PEOU, PU and 
quality of service on the citizen's satisfaction that can together with trust in mobile 
technology, trust in government and compatibility affect the citizens’ behavioral in-
tention to use of m-Government services. Therefore, there are two DVs in this study. 
The proposed hypotheses were tested by multiple regression analysis. The summary 
of regression hypotheses test is presented in Table 7. 

The first regression model was tested by multiple regression analysis between citi-
zen satisfaction as a DV and PEOU, PU and quality of service. As shown in Table 7, 
the results show that citizen satisfaction was significantly impacted by perceived ease 
of use (H3, β = 0.381, p < 0.001), perceived usefulness (H4, β = 0.373, p < 0.001), 
and quality of service (H5, β = 0.494, p < 0.001). Furthermore, the value of R2 for the 
citizen satisfaction as a DV is 0.734; this means that perceived ease of use, perceived 
usefulness, and quality of service within the proposed model can explain 73.4% of the 
variance in the citizen satisfaction of m-Government services. Therefore, the first 
regression model supports the following hypotheses: H3, H4 and H5. 

In the second regression model, the citizen’s behavioral intention to use m-
Government applications was significantly affected by four determinants including 
trust in mobile technology (H1, β = 0.351, p < 0.001 ), trust in government (H2, β = 
0.173, p < 0.01 ), compatibility (H6, β = 0.121, p < 0.05 ) and citizen satisfaction (H7, 
β = 0.517, p < 0.001 ) as shown in Table 6. The value of R2 for the dependent varia-
ble behavioral intention to use is 0.875; this means that the trust in mobile technology, 
trust in government, compatibility and citizen satisfaction can explain 87.5% of the 
variance in the behavioral intention to use m-Government. Also, this value is consid-
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ered high and indicates that the power of the regression model is very good. Thus, the 
second regression model supports the following hypotheses: H1, H2, H6 and H7. 

Table 7.  Summary of regression analysis results 

Hypotheses IV DV Beta ( β) Sig. ( ρ<0.05) Support or not 
H1 TMT BI 0.351 0.001 Support 
H2 TG BI 0.173 0.01 Support 
H3 PEOU CS 0.381 0.001 Support 
H4 PU CS 0.373 0.001 Support 
H5 QS CS 0.494 0.001 Support 
H6 C BI 0.121 0.05 Support 
H7 CS BI 0.517 0.001 Support 

6 Discussion and Implications 

This section provides a discussion for the significant results of multiple regression 
analysis. This study has revealed several key findings. Firstly, trust in mobile technol-
ogy and trust in government are very important elements which have been found to 
influence user acceptance of technology-enabled government services by many prior 
studies. Consequently, it is not surprising to find that, those two factors also affect the 
citizens acceptance of m-Government services. 

The latest mobile technologies and mobile devices are exposed to various security 
threats such as cybercrime, malware and viruses which may cause people to be wor-
ried about the security and the privacy of their sensitive data and, as a result, hesitate 
before using mobile applications for transactions. The outcomes of this research are 
consistent with some previous studies [20, 70], these results specified that Jordanian 
citizens intention to use m-Government services increases if they have high level of 
positive trust towards Internet and the technologies used to access m-Government 
services. Therefore, the Jordanian government agencies should ensure that their mo-
bile services are accessible by all users and should maintain the privacy and the secu-
rity of the citizens' sensitive information while dealing with the government depart-
ments via smart phones using Internet.  

Also, the findings confirmed that citizens’ intention to use m-Government increas-
es if the citizens have a high level of positive trust toward government. These findings 
are in line with some previous studies such as [20, 70]. Therefore, the government has 
the responsibility to put a strong government-wide integrity in place and should be 
capable to provide m-Government services according to the expectations of the citi-
zens.  

Secondly, the results of this study stated that when m-Government services are pre-
sented to be useful and easy to use, the Jordanian citizens will be more satisfied. 
However, these results agree with previous studies [71] and indicate the appropriate-
ness of the fundamental elements of TAM, PEOU and PU, in the Jordanian m-
Government context. Therefore, the Jordanian government should introduce its ser-
vices in an easy, clear and understandable way via ensuring the simplicity of perform-
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ing diverse transactions by having clear instructions to perform these transactions 
using a small number of clicks (i.e. passport renewal). On the other hand, the govern-
ment should provide information and services in a manner that is useful for the peo-
ple.  

Thirdly, this study has responded to the findings of some research studies [51] 
which indicated that quality of service is also an antecedent of citizens' satisfaction. In 
this study, the quality of service has been considered in order to achieve citizens' 
satisfaction. The quality of service was found to have the strongest impact on citizens' 
satisfaction among all IVs. These outcomes are consistent with previous studies [71, 
72]. Therefore, the Jordanian government should enhance the performance of the 
delivered services to meet the expectations of Jordanian citizens and increase their 
satisfaction.  

Also, some prior studies found that compatibility is consistently significant in 
technology adoption [42]. The fourth finding of this study highlighted the significant 
impact of compatibility on citizens' intention to use m-Government services. These 
outcomes are consistent with some previous studies [70]. 

Finally, the emergence and the growth of new innovations in information technol-
ogy highlighted the importance of satisfying the citizens. This research contributes 
more knowledge to the acceptance of m-Government services by investigating citi-
zens’ satisfaction with the new installed mobile-government systems. This empirical 
study shows that citizens' satisfaction is one of the most influential factors in its suc-
cess and acceptance. However, the results indicated that higher levels of acceptance of 
m-Government services by citizens in Jordan are associated with increased satisfac-
tion with these services. These outcomes are in line with previous studies [73, 74].  

7 Conclusion 

However, since m-Government services in Jordan are facing some important chal-
lenges such as remaining unknown to and underutilized by the public citizens, one of 
the most important contributions of this study is to detect and understand the main 
factors that can promote and inhibit the acceptance and the diffusion of m-
Government services as perceived by Jordanian citizens.  

This study explored the architecture of the conceptual model that has been pro-
posed and introduced many variables that commonly play important role in heavily 
influencing the individual’s behavior of accepting new technologies. These variables 
have a large share among technology acceptance studies. Overall, citizen satisfaction, 
compatibility and other user requirements such as trust in mobile technology, trust in 
government are considered the gateway to accept m-Government services and in-
crease the behavioral intention to use it. Moreover, in order to increase the citizen 
satisfaction, the government should demonstrate the benefits of the m-Government 
services, maintain the easiness in accessing and using these services and enhance its 
quality.  
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The consideration of the factors identified in this study can significantly enhance 
the understanding of technology acceptance of m-Government services in Jordan, and 
as a result, it should lead to more successful acceptance of these services.  

8 Limitations and Future Work 

This study demonstrates strong evidence concerning some important factors that 
affect the Jordanian citizens' acceptance of m-Government services. One of the main 
limitations of this study was that this research did not cover all the factors that may 
influence the citizens' acceptance of m-Government services in Jordan. However, in 
future studies, the authors may conduct further studies to explore more useful dimen-
sions based on the research goals. Also, this study has only focused on the issues 
related to citizen acceptance in the domain of Government-to-Citizen. Therefore, 
similar research efforts can be applied to the domain of Government-to-Business in 
developing countries. Finally, the door is open for future research to perform further 
assessment and analyzation of the acceptance of m-Government services from a larger 
perspective based on the classification of m-Government products and services into 
different categories. 
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Abstract—The purpose of this research is to investigate factors affecting 
Indonesian pre-service teachers’ (PSTs) teachers’ use of m-learning 
management systems (m-LMS) in higher education. The difference regarding 
the use of m-LMS based on some demographic information namely gender, 
university, year in university, and age are also reported as well as gaining an in-
depth understanding of the use of m-LMS in Indonesian universities. To 
achieve this, two approaches, quantitative and qualitative, were applied. First, 
we developed and distributed a survey instrument to 210 PSTs in history 
education based on the technology acceptance model (TAM). In addition, we 
interviewed 7 of them to obtain an in-depth understanding of the use of m-
learning in their learning. Some statistical calculations were presented such as 
mean, standard deviation, Cronbach’s alpha, t-test, and ANOVA. Findings 
suggest that PSTs’ use m-LMS are related to their perceived usefulness and 
perceived ease of use, subjective norm and attitudes self-efficacy and 
supporting condition. From these results, we suggest that teacher educators 
target these factors within teacher development training programs in preparing 
PSTs for successful integration of m-LMS.  

Keywords—M-LMS, PSTs, learning, TAM 

1 Introduction 

M-learning is a trend in educational technology enabling a rapid change in learning 
because of the fast development of mobile technologies [1]. M-learning is defined as a 
new kind of learning that is encouraged by mobile devices that include the current 
technology of communication and data sharing [2]. The trend of m-learning helps 
students enjoy a personal-customized learning on mobile devices. Recently, many 
new mobile services have been integrated into mobile technologies into educational 
systems [2].  
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As m-learning evolves, the establishment of applications that can be integrated 
with mobile devices including the m-learning system (m-LMS) is widely-used [3]. 
The m-LMS are defined as a way of m-learning tools providing faculty and student an 
online platform to courses regardless of time and location. Even though m-LMS 
facilitate tools for PSTs to link with their mobile devices for learning, limited studies 
were conducted regarding factors affecting the use of m-LMS, especially in 
developing countries.  

Facilitating university students with m-LMS does not automatically address the 
actual use. They possibly have various perceptions of the system. Therefore, this 
study was conducted to investigate factors affecting Indonesian PSTs’ use of m-
learning in higher education. It also aimed to inform the difference regarding the use 
of m-LMS based on gender, university, year in university, and age. To support the 
survey data, we interviewed 7 PSTs to gain an in-depth understanding of the use of m-
LMS in Indonesian universities. We chose Indonesia since this developing country is 
one of the most users of mobile devices with high rate of mobile devices penetration.  

2 Literature Review 

2.1 Theories of technology adoption 

Some frameworks have been established to examine users’ intention to use and 
actual use of new technologies in education such as the Technology Acceptance 
Model (TAM) [4], theory of planned behavior [5], and innovation diffusion theory 
[6]. Among the proposed models, TAM has become became a very important model 
to understand factors predicting human behavior on potential technology acceptance 
[7]. TAM has its focus on the perceived usefulness and perceived ease of use. It was 
originally examined the use of technology in some domains of economic business and 
proved to become reliable to predict such as online shopping [8] or e-commerce [9]. 

2.2 Technology adoption in educational settings  

Even though TAM originally aimed to explain technology adoption by users in 
economics, it has been further use as an investigation tool for educational purposes 
[10, 11]. Among several previous studies which have applied TAM or its extended 
model in adoption of technology in education, many researchers have focused on the 
adoption of mobile learning in teaching or learning processes [12] and learning 
management systems [10]. However, the researches facilitate the readers with insights 
understanding into the factors that may affect the adoption of m-LMS [13, 14]. 
Moreover, not many of them informed the use of TAM in a descriptive way or 
reported differences based on demographic information regarding the use of m-LMS 
in education as well as exhibited qualitative analysis on the TAM application 
measuring the adoption m-LMS in education.  
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2.3 Adoption of m-LMS in higher education 

Even though many previous studies applied TAM to examine the adoption of e-
learning and mobile learning; few studies were conducted to examine the adoption of 
m-LMS in higher education. M-LMS which is defined as a software application to set 
administration, documenting, tracking, reporting, and addressing educational courses 
and training programs [13, 14]. The learning management system is established 
directly from e-Learning. The m-LMS in this study are Moodle to Edmodo which 
used by PSTs in two Indonesian universities.  

3 Method 

In this study, we informed the descriptive statistics of a survey investigating factors 
affecting Indonesian PSTs’ use of m-LMS in higher education. We also informed the 
difference regarding the use of m-LMS based on some demographic information 
namely gender, university, year in university, and age. To support the survey data, we 
interviewed 7 PSTs to gain an in-depth understanding of the use of m-LMS in 
Indonesian universities.  

3.1 Instrumentation 

Quantitatively, the instrument for the survey includes two sections. Part 1 consists 
of a nominal scale to recognize respondents’ demographic information. Meanwhile, 
part 2 aims to examine respondents’ factors affecting the use of m-LMS. The part 2 
instrument was modified from the original scales of TAM [4] and other relevant 
studies [12, 13]. To make sure that the instrument fits the setting of m-LMS, changes 
in wordings were made for the easiness of the instrument’s interpretation and 
understanding. Three experts of educational technologies were involved in the 
discussion as part of content validity in developing the instrument [15]. The 
instrument was translated involving two sworn translators from English to Indonesian 
and from Indonesian to English which is also called back translation [16]. To 
strengthen its validity, the survey instrument was pre-tested to 73 PSTs. The analysis 
of the pre-test or pilot test was conducted through factor analysis and Cronbach’s 
alpha. From the results, 21 indicators were listed for the main data collection. A 7-
point Likert scale, with 1 being the lowest score (strongly disagree) and 7 being the 
highest (strongly agree), was used to examine respondents’ responses. 

In the qualitative approach, semi-structured interview questions were developed. 
Experts in areas of educational technology were invited to discuss the questions first 
draft to establish the validity [17]. Questions for the interview of the PSTs included 10 
items established from the analysis results of the quantitative data. Because the 
interviews were semi-structured based on the analysis of the quantitative phase and 
conversational in nature, the wording could be different from one interview to the 
other interviews, but all respondents were requested to have responses to similar 
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topics. The questions were translated into Indonesian discussed by the two sworn 
translators.  

3.2 Sampling and data collection  

An online survey instrument was shared with PSTs in history education in two 
public universities in Indonesian from Mei to July 2019. We masked the names of the 
university to become University 1 and University 2 as part of the research ethic. To 
determine the sample of the survey, we used *G power that results in minimal 
numbers of 127 respondents for 6 variables involved in this study. However, we 
managed to obtain 210 measurable responses (100 males and 110 females). 144 
respondents are from University 1 and 66 respondents from University 2. Besides, 74 
respondents’ ages are from 17 to 19 years old while 50 respondents are from 19 to 22 
years old and 86 of them are above 22 years old. From the year in university, 66 PSTs 
are 1st year students, 86 respondents in the 2nd year, 40 respondents in the 3rd year, 
and 18 respondents in the 4th year.  

Convenience sampling is considered an appropriate method for the descriptive mix 
method [16]. We chose it by asking the survey respondents who were willing to 
participate in the interview sessions. Finally, seven participants agreed to participate 
in this study by filling in the form in the survey questionnaire. They were invited 
through phone calls and personal messages to attend the interview. Using a 
smartphone as the recording tool, the interview was conducted in an office room of 
one of the two universities. We reward the interviewees for their willingness to attend 
the interview.  

3.3 Data analysis 

The data that was collected through Google form was transferred to Microsoft 
excel. The preparation was done by assessing outliers, missing data, and histograms 
[18]. As the data has been through the process of screening, the analysis was 
conducted by calculating Mean and Standard deviation for the descriptive analysis. 
Cronbach’s alpha was used to understand the reliability of each variable. Further, t-
test, and ANOVA were applied to measure the difference between demographic 
information regarding the use of m-LMS. SPSS 23 was used for the qualitative data 
analysis. 

In the qualitative phase, the researcher analyzed the data by using within- and 
across-case analysis [16]. Within-case analysis in qualitative culture is a deep 
exploration of a case, as a stand-alone object including attachment to a certain case 
with a particular case to know how the processes happened and revealed in that study 
meanwhile cross-case analysis is used or implemented in a study as the analysis is 
a case. We manually transcribed the data and compiled the typed transcription. We 
read and re-read the transcripts in order to highlight and examine for connections and 
redundancies using Microsoft word’s review feature. The coding process was further 
done for the highlighted texts through Macros as the coding tool attached in Microsoft 
word [19]. To establish the trustworthiness of the study, triangulation, member 
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checking, and reflexivity to strengthen the trustworthiness were taken to ensure the 
trustworthiness of the data collected [16, 20].  

4 Findings 

4.1 Quantitative  

In elaborating on the results of the study, descriptive statistics in terms of mean 
(M), standard deviation (SD), and Cronbach’s alpha are reported. As seen in Table1 
of this study, all variables and indicators have means of above 5 which can be defined 
as satisfactory which the measurement of the Likert scale range from 1 (strongly 
disagree) to 7 (strongly agree) attitudes gained the highest mean (M = 5.495; SD = 
.999). Meanwhile, the lowest variable mean is the use of m-LMS (M = 5.137; SD = 
1.062). As per indicator, AT 1 obtains the highest mean (M = 5.571; SD = 1.156) 
while the lowest means is informed for USE 2 (M = 5.105; SD = 1.213). The 
Cronbach’s alpha values of the final results of the analysis also exceed the threshold 
value of .70 in which the values range from .874 to .925. The complete report of the 
statistical descriptive values is shown in Table 1 below. 

Table 1.  Mean, SD, and Cronbach’s alpha 

Variables M  SD α Indicators  M SD 
Perceived usefulness 5.416 1.006 .889 PU1 5.314 1.185 
     PU2 5.495 1.055 
     PU3 5.438 1.097 
Perceived ease of use 5.263 1.092 .912 PEU1 5.362 1.116 
     PEU2 5.238 1.120 
     PEU3 5.191 1.306 
Subjective norm 5.349 1.042 .904 SN1 5.391 1.210 
     SN2 5.267 1.109 
     SN3 5.391 1.094 
Attitudes  5.495 .999 .888 AT1 5.571 1.156 
     AT2 5.448 1.071 
     AT3 5.467 1.090 
Supporting condition 5.425 . 983 .865 SC1 5.391 1.049 
     SC2 5.438 1.089 
     SC3 5.448 1.182 
Self-efficacy  5.349 1.029 .925 SE1 5.438 1.062 
     SE2 5.314 1.092 
     SE3 5.295 1.157 
Use of m-LMS 5.137 1.062 .874 USE1 5.133 1.268 
     USE2 5.105 1.213 
     USE3 5.171 1.076 

 
Besides the descriptive statistics reports, the current study also informs whether the 

demographic information (gender, university, age, and year in university) differs in 
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regard to the use of m-LMS. The t-test was used to examine the difference of the use 
of m-LMS in terms of gender and university while ANOVA was applied to assess the 
difference regarding years in university and age. Table 2 shows the results of the t-test 
informing that a significant difference emerges in regard to the use of m-LMS in 
terms of gender (t = 2.595; p < .05). However, no significant differences is found for 
the use of m-LMS based on the university (t = 1.593; p > .05). The ANOVA test 
exhibits that no significant difference is found based on years in university (F = .995; 
p >.005) in relation to the use of m-LMS. However, a significant difference emerged 
based on age (F = 13.846; p >.005).  

4.2 Qualitative  

Perceived usefulness and perceived ease of use: The interview results reinforced 
the survey findings. The codes in the interview data were merged to establish three 
themes for perceived usefulness and perceived ease of use: Value for effective 
learning and easy to use but difficult to integrate within lessons. 

Value for effective learning: The interview informed that the improvement of 
students’ learning was the most frequently cited reason to use m-LMS. All 7 
interviewees mentioned that they used m-LMS in their learning due to its benefits. 
They perceived the use of m-LMS as a suporting way to communicate in the 
classroom and to have them be more involved into varied learning experiences and 
extended time for learning. For instance, one of the PSTs had her comment,  

“m-LMS enhances learning by facilitating some types of learning 
opportunities for us. We can utilize m-LMS to link with friends and 

lecturers outside the classroom and to have other learning environments into 
the classroom.” 

Similarly, another PST stated in the interview that she thinks that m-LMS is a great 
way to build communication in the classroom and have students more involved. They 
also highlighted that m-LMS technologies are appropriate tools to help explain 
learning concepts better and cater to the needs of different learning styles they have. 
For instance, one of the interviewees mentioned that m-LMS can visually elaborate 
concepts which would be good for them because they tend to be more visual learners. 

Easy to use: Almost all (n =7) of the PSTs felt that m-LMS are easy to operate. 
They also informed that technology can better the efficiency of their work. 

“I am more than open to using the technology in my learning because 
these technologies let things be easier and it can save our time in learning, a 

very efficient way to learn.” 
Difficult to integrate within lessons: Although the PSTs felt very confident using 

m-LMS technologies, they believed that it requires more effort for their lecturers or 
professors to come up with new ideas that have been already available. Most of them 
believed that it might be challenging for them. One of the PSTs stated that he ever 
once proposed to his lecturers that a new fresh idea should be implemented for the use 
of m-LMS in their lectures so that it can decrease the feeling of “bored” for the 
repeating tasks in the m-LMS. 

142 http://www.i-jim.org



Paper—Factors Affecting Indonesian Pre-Service Teachers’ Use of m-LMS: A Mix Method Study 

Subjective norm and attitudes: Two themes associated with subjective norm and 
attitudes found in the analysis of the interview data: Need to meet the needs of digital 
age and expectations of lecturers and peers. 

Need to meet the needs of the digital age: During the interviews, the influence 
exerted emerged as an important consideration among the PSTs when describing their 
use of m-LMS into their learning. All PSTs consider that the ways in learning are 
influenced by the use of m-LMS they use,  

“I hope more lecturers will use the m-LMS in their teaching. It is very 
important for us as millennials to get more engaged in technology especially 

mobile learning. It is expected more applications are utilized in our 
department.” 

Most of the interviewees (n = 5) thought that using m-LMS technologies will 
enable them to be more connected to their peers in the current digital age. One of the 
participants informed that in the digital age the use of m-LMS or mobile learning 
cannot be avoided since this could make people more connected. 

Expectations of lecturers and peers:  The participants indicated that their use of m-
LMS is influenced by their lecturers and peers when talking about people’s influence 
on the use of mobile learning in their education. Six of the 7 interviewees believe that 
their lecturers always expect them to use the technology; one of the interviewees had 
her opinion, 

“I think that lecturers who are encouraging more m-LMS technology to 
be used in our courses can be very influential because it is more interesting 

and helps us learn creatively.” 
All PSTs felt that their peers’ successes with the use of m-LMS in learning to 

influence their action to use m-LMS. As one of the PSTs stated in the interview that if 
his peers did well in learning using m-LMS. So he would also use m-LMS in a 
maximal way. 

Self-efficacy and supporting condition: Two themes associated with self-efficacy 
and supporting conditions emerged from our analysis of data: High self-efficacy for 
m-LMS and anytime/anywhere access to m-LMS. 

High self-efficacy for m-LMS: The interview data informed that all participants felt 
very comfortable using m-LMS. Therefore, they have high self-efficacy for the use of 
m-LMS in their learning. 

“In general, m-LMS technologies are easy to use. I have a very high self-
efficacy in using m-LMS in my learning.” 

When discussing their skills and knowledge about mobile technology, the 
participants mentioned that they are skilled in finding the right applications in their 
smartphone and have the ability on their use. One of the interviewees said that as a 
millennial, she had no problems in using mobile phone application including m-LMS. 
She continued that she was very confidence if her lecturers assigned her to use m-
LMS in her learning.  

Anytime/anywhere access to m-LMS: The data reported that PSTs perceived m-
LMS as useful because of easy and quick access inside and outside of the classroom. 
Most of the participants believed that m-LMS address them more resources which are 
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even accessible from outside the classroom as long as they have their smartphone in 
their hand. 

“Using m-LMS allows us to access lessons from anywhere. As long as 
we have access to the internet and we have our smartphone, we can access 

the m-LMS from any place.” 
Many applications in m-LMS would help them learn more effectively. Moreover, 

some of the PSTs believed that due to the accessibility of m-LMS, the technologies 
could broaden PSTs’ knowledge and provide interaction by sharing ideas with other 
people. Generally, the participants of the interview seemed to have great motivation in 
using m-LMS for their learning because they have increased interaction, information, 
and resource accesses. 

5 Discussion 

The purpose of this research is to investigate factors affecting Indonesian PSTs’ 
use of m-LMS in higher education. The difference regarding the use of m-LMS based 
on some demographic information namely gender, university, year in university, and 
age are also reported. To support the survey data, 7 PSTs were interviewed to gain an 
in-depth understanding of the use of m-LMS in Indonesian universities. 

The findings of the survey inform that the average perception of the students of the 
TAM factors is moderate that is understood from the mean of each indicator. The 
quantitative analysis also reports that a significant difference is found in regard to the 
use of m-LMS based on gender and age. The data analysis of this mix method study 
revealed that Indonesian PSTs in the two universities believed that the adoption of m-
LMS technologies into learning in higher education is very beneficial and has 
improved their learning. This perceived usefulness of m-LMS technologies was 
encouraged by the value of m-LMS technology for improving the engagement, 
communication, and improving the overall learning experiences by incorporating 
innovative learning tools to which students can have the relationship. These results are 
similar to that of [13] who noted that m-LMS increases engagement in learning 
among students because they can be used to develop creativity and critical thinking 
collaboratively. 

Besides, the PSTs in this study believed that m-LMS are very easy to use. As 
millennials, they use technology especially mobile devices on a daily basis that make 
the tools to be their daily friends. Some of them even acknowledge that they cannot 
live without their gadgets. This finding corroborates [14] findings that PSTs found m-
LMS easy to use for their own personal needs. These results suggest that m-LMS can 
create a more engaging environment for PSTs in learning in higher education due to 
their familiarity with mobile devices.  

The PSTs in this study also perceived that the adoption of m-LMS is influenced by 
their lecturers and peers as part of the subjective norm in the TAM framework. These 
findings could be comprehended as the influences of the culture of the east that 
always respect other people and therefore they are always influenced by other 
peoples’ actions. Indonesian tend to respect other people’s opinions and have a 
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tendency to imitate what other people do, including for the PSTs in learning with m-
LMS [7] 

The reports of this study inform that the PSTs are encouraged to use m-LMS 
technologies due to their high self-efficacy perception regarding their knowledge and 
ability to have these technologies used inside and outside classrooms. One certain 
possible cause for these findings might focus on the fact that the participants in our 
study involve every day with their gadgets on a daily basis. This belief echoes 
previous studies’ results informing m-LMS self-efficacy as a positive influence on 
students’ use of m-LMS in higher [14]. Besides high self-efficacy, PSTs in this study 
also believe that learning through m-LMS can be referred to anytime and anywhere 
access to the technology and become a positive influence on their use of m-LMS in 
learning. They believed that possessing easy access to more information, resources, 
and tools not only facilitate motivation to use the technology inside the classroom but 
will also facilitate them to use the technology outside the classroom.  

6 Conclusion 

The results indicate that the PSTs’ use of m-LMS technologies in history education 
is affected by perceived usefulness, perceived ease of use, subjective norm, attitudes, 
supporting condition, and self-efficacy. The findings recommend that teacher 
education programs should always provide encouragement to make these factors 
promoted to better prepare PSTs in learning using m-LMS technologies and also use 
the m-LMS for their future careers as future teachers. Teacher educators or lecturers 
should target PSTs’ beliefs on the values of these technologies in learning and 
teaching. Providing PSTs more opportunities to use m-LMS reflect on the 
pedagogical implications of m-LMS technology integration can have a positive 
influence on their use of m-LMS in their daily learning and their future careers. 
Success in this term may need the implementation of some progressive steps for the 
teacher education experience, for instance, to support beliefs progressing about 
positive use in m-LMS learning. Future studies should determine the specific 
interventions that align with PSTs’ perceived usefulness, perceived ease of use, 
subjective norm, attitudes, supporting condition, and self-efficacy to help teacher 
education programs develop a better preparation for their PSTs to integrate m-LMS in 
higher education. Besides, longitudinal researches may be planned to determine if 
these perceptions about using m-LMS. A complex statistical analysis such as 
structural equation modeling should also be an option.  
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Abstract—This research was conducted to determine the feasibility of the 

instrument diagram representation test and the effectiveness of Multimedia 

Learning Modules (MLMs) integrated local wisdom in physics learning 

activities. The study design used a pretest-posttest control group design. The 

research instrument consisted of tests and non-tests. The test instrument was in 

the form of five items arranged according to the diagram representation 

indicators, namely drawing diagrams and their components and performing 

mathematical calculations according to the diagram explanation. The non-test 

instrument is a questionnaire study of test instruments. The validation of the test 

instrument was carried out using Aiken's V. The data analysis techniques used 

the General Linear Model (GLM) with a significance level of 0.05 to test the 

effectiveness of integrated local wisdom MLMs in improving student diagram 

representation. The results showed that the overall item items were declared 

valid with Aiken's V score in the range of 0.88 to 0.92 and the integrated local 

wisdom MLMs were effectively used in physics learning activities to improve 

student diagram representation based on Mean Difference (MD) values of -

54,449. 

Keywords—Diagrams, test instruments, local wisdom, multimedia learning 

modules, representations 

1 Introduction 

Physics learning in 21st century is very closely related to technological 

development. Rapidly developing technology makes learning activities more 

dynamic. Learning activities that require representation ability can be integrated with 

technologies such as interactive multimedia. The application of interactive multimedia 

has a positive impact as a support for learning to improve students' understanding of 

concepts [1]. Agreeing with this, interactive multimedia can also be used to improve 

problem-solving abilities [2]. In addition, the involvement of multimedia in learning 
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activities can also improve learning achievement, positive attitudes and student 

motivation compared to conventional learning [3][4]. This indicates that the 

development of learning is in harmony with the development of technology so that 

media is needed that can be used to facilitate the delivery of material concepts. 

Multimedia Learning Modules (MLMs) are introductory media that aim to 

motivate students to actively participate and be able to prepare and have preliminary 

knowledge before learning activities begin [5][6][7]. MLMs are made in the form of 

multimedia presentations in the form of graphic, text, video, narrative, animation and 

audio features that are realized with various forms of representation [3][4][7][8][9]. 

Various forms of representation provided a positive impact in the form of wealth of 

information from the use of MLMs so as to make learning activities more effective, 

increase students' understanding and motivation and students can obtain meaningful 

information and levels of understanding increase if they can link existing 

representations [3][10][11][12]. MLMs are used as a learning tool to reduce the 

limitations of the use of less effective textbooks where students only read books 

without taking more important information [7][13][14][15]. 

Indonesian Minister of Education and Culture Regulation No. 22 of 2016 

concerning the standard process states that learning at primary and secondary levels 

must be held interactively, inspiratively, fun and can motivate students to actively 

participate in learning according to their interests and talents. But in reality, the 

teacher does not understand these aspects so physics tends to be learning that is 

abstract, difficult to understand and does not motivate students [16]. Learning that is 

abstract and difficult to understand can lead to negative perceptions related to the 

learning material. Students' negative perceptions of physics learning come from 

several factors such as teachers, peers and family, the community environment, and 

several other internal and external factors [17]. These factors influence the formation 

of character, attitudes, thought patterns and behavior of students in the development 

of perception and knowledge into a form of learning experience. This statement 

agrees with the results of the research by [18] which shows a positive relationship 

between students' perceptions of physics learning activities. Therefore, physics 

learning can be carried out well if students have positive perceptions that are able to 

encourage interactive, inspirational and challenging learning so that it is easier to 

understand. 

Good learning suggests linking the concept of learning with the phenomena of 

everyday life so that the process of knowledge transfer becomes more meaningful. 

Meaningful learning can be realized by integrating local wisdom in its 

implementation [19]. The application of local wisdom to learning activities can make 

learning conditions more enjoyable. This makes students able to feel their experiences 

in daily life closer to learning [20]. In addition, learning activities by applying local 

wisdom also have a positive influence on the character of students and are able to 

improve academic achievement [21]. 

Positive influences related to increasing student academic achievement in the 

abstract and difficult to understand physics learning process can be realized by 

implementing appropriate problem solving strategies. The process of finding a 

solution to a problem depends on the solution strategy applied [22]. One strategy that 
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can be used in solving problems (problem solving) is to use representation [23]. 

Representation can be used to solve physics problems [24]. A similar sentiment was 

also conveyed by Kurnaz and Arslan who explained that the use of representations 

during physics learning activities can make the learning process more meaningful and 

enhance students' understanding of concepts [25]. 

Diagrams are a form of representation that is often used to solve physics problems. 

The use of diagrams is very important to explain and understand phenomena from 

various kinds of multidisciplinary science [26]. Physics is learning about natural 

phenomena which are divided into several parts including kinematics and dynamics 

[23]. Some physical concepts related to kinematics and dynamics include force, 

motion, momentum and energy [23]. These materials must be understood and 

mastered by students because they relate in everyday life. But in reality, students still 

have difficulty understanding material related to the concepts of kinematics and 

dynamics. This is because these materials use diagrams as a means of representation 

in their learning [27]. The results of research show that some students still have 

difficulty in drawing free diagrams [28][29]. 

Diagrams as a form of representation help students interpret, represent and 

implement problem solving strategies to solve problems (problem solving) they face 

[30]. The representation of diagrams known in physics learning includes free-body 

diagrams, field line diagrams, energy bar charts [31] and among others. The 

advantages of using diagrams as representations are: 

1. Diagrams help to explain scientific phenomena that occur easily 

2. Diagrams provide a means to analyze and understand scientific phenomena 
3. The diagram can be used as a means to identify cognitive abilities [32] 

In addition, several advantages of using diagrams as representations such as: 

1. Diagrams showing scientific cases explicitly 

2. Diagrams act as bridging representations between real (concrete) and abstract 

situations 
3. Diagrams help to foster intuition [33] 

This study aims to test the feasibility of the instrument test the ability to represent 

diagrams and the effectiveness of Multimedia Learning Modules (MLMs) integrated 

local wisdom in physics learning activities. 

2 Research Methods 

This research uses a quantitative approach with a pretest-posttest control group 

design. Field testing was conducted to draw conclusions related to the implementation 

of Multimedia Learning Modules (MLMs) in physics learning to improve student 

diagram representation. Field testing was carried out on three classes of Natural 

Sciences in SMA 2 Batang chosen randomly using the cluster random sampling 

technique. Table 1 shows the research design used. 
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Table 1.  Research Design 

Group 
Pretest 

Treatment 
Postest 

Y1 Y2 Y1 Y2 

Experiment T1 T1 X1 T2 T2 

Contrast 1 T1 T1 X2 T2 T2 

Contrast 2 T1 T1 X3 T2 T2 

 

Information 

T1 : Pretest 

T2 : Postest 

Y1  : Diagrammatic representation 

Y2 : Vector Representation 

X1 : Using Multimedia Learning Modules (MLMs) integrated local wisdom 

X2 : Using the integrated local wisdom print module 

X3 : Use common modules used by the teacher 

The research instrument was in the form of a cognitive ability test consisting of 

five items arranged according to indicators. Table 2 shows the item grids based on the 

diagram representation indicators. The test instrument was validated using Aiken’s V 

based on the number of assessors (rater) and the rating scale used. The test instrument 

is declared valid if it has a coefficient value of Aiken's V of V ≥ 0.75 with a number 

of rater 8 people and a rating scale ranging from 1 to 4 [34]. 

Table 2.  Diagram Representation Capability Test Chart 

Grid 

Indicator of Diagram 

Representation 
Problem Indicator Item Number 

Bloom's Taxonomic 

Aspects 

Draw a diagram with its 

components 

Draw a free diagram of the forces 

acting on a traditional rowing boat 

that has zero momentum  

1 C3 

Depicts the motion diagram of a 

traditional rowing boat 
3 C3 

Draw a contact force diagram 

between water and rowing in a 

traditional rowing competition 

2 C3 

Perform mathematical 

calculations according to the 
diagram explanation 

Determine the impulsive force based 

on the concept of the relationship of 
momentum and impulse 

4 C3 

Determine the speed of the boat after 

the impact based on the law of 
conservation of momentum 

5 C3 

(Adapted from [35][36]) 

Data analysis techniques in the study used the General Linear Model (GLM) to 

infer an increase in students' diagram representation abilities. Improvement of 

students' diagram representation skills is seen based on the analysis of the pretest and 

posttest scores by comparing the value of the Mean Difference results of the output of 

the General Linear Model (GLM) mixed design [37]. 
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3 Result and Discussion 

3.1 Feasibility analysis instrument representation test diagram 

The feasibility analysis of the diagram representation test instrument uses Aiken's 

V. The results of the Aiken V analysis show that the diagram representation test 

instrument is in the valid category. Table 3 shows the results of the analysis of the 

instrument assessment test representation diagram. Figure 1 shows the instrument of 

diagrammatic ability test used in this research. 

 

Fig. 1. The Instrument of Diagrammatic Representation Ability used in Research 

Table 3.  Assessment Instrument Representation Test Diagram 

Representation Item Question Aiken’s V score Criteria 

Diagram 
2,5 0,88 Valid 

1,3,4 0,92 Valid 

 

The assessment of the instrument diagram representation test obtained Aiken's V 

score in the range of 0.88 to 0.92 which is in the valid criteria. This is in accordance 

with the validation criteria according to Aiken’s V which states that for 8 validators 

and a rating scale ranging from 1 to 4, items are declared valid if obtaining an Aiken’s 

V score ≥ 0.75 [34]. 
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3.2 Analysis of improvement of student diagram representation 

Data analysis to test the increase in student diagram representation is to use the 

General Linear Model (GLM). The analysis was carried out based on the students' 

pretest and posttest scores in doing diagram representation tests by interpreting Mean 

Difference (MD) and significance (Sig.) outputs on pairwise comparisons output. The 

results of the analysis are presented in Table 4. 

Table 4.  Pairwise Comparisons of Diagrammatic Representation 

Group 
Time 

(I) 

Time 

(J) 

Mean Difference 

(I-J) 
Sig. 

MLMs integrated local wisdom Pretes Postes -54.449 .000 

Integrated local wisdom print module Pretes Postes -15.221 .000 

General modules used by the teacher Pretes Postes -13.110 .000 

 

Table 4 shows the GLM output associated with increasing student diagram 

representation. Conclusions are based on significance (Sig.). Ho is rejected and Ha is 

accepted if the Sig value < 0.05. Table 4 in the significance column (Sig.) obtained a 

value of .000 which proves that Ho was rejected and Ha was accepted, meaning that 

there was a significant increase in the representation of student diagrams in the MLMs 

class integrated with local wisdom compared to the printed class module in local 

wisdom and the general modules used by the teacher. Significant improvement is 

evidenced from the Mean Difference value of -54,449 for the integrated local wisdom 

class MLMs, -15,221 for the integrated local wisdom module print class and -13,110 

for the general module class used by the teacher. The Mean Difference value is used 

to show how much an increase in the student diagram representation. Mean difference 

(MD) is obtained from the reduction of the mean pretest score against the posttest 

score. The increasingly negative MD scores in Table 4 prove that there is a significant 

increase in the representation of student diagrams based on pretest and posttest scores. 

The pairwise comparisons output results in Table 4 prove that the MLMs class 

integrated with local wisdom gives a better score improvement than the printed class 

integrated local wisdom module and the general module used by the teacher to obtain 

an MD of -54,449 [37]. MD which has negative value proves that there is an increase 

in score from pretest to posttest [38]. 

Improvement of students’ diagram representation ability is determined based on 

the analysis of the pretest and posttest scores displayed by the Estimated Marginal 

Means plot graph. The plot of increasing student diagram representation is presented 

in Figure 2. Figure 2 shows that the use of integrated local wisdom MLMs is able to 

increase student diagram representation. This is in agreement with the research which 

states that learning by applying MLMs can improve the ability of representation better 

than traditional learning [6]. In addition, meaningful learning can be realized by 

integrating local wisdom so that it can improve student academic achievement 

[19][20][21]. The intersection of lines between MLMs integrated local wisdom 

classes with print classes integrated local wisdom modules and the general modules 

used by the teacher in Figure 2 shows the interaction between MLMs integrated local 
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wisdom classes, print modules integrated with local wisdom, and general modules 

used by teachers. This shows the influence generated between classes. The causes of 

the interaction include a number of students in the printed module integrated with 

local wisdom or the general module used by the teacher asking the experimental class 

students about the learning material. The effectiveness of MLMs in this study is in 

accordance with the results of other research which state that MLMs are a solution in 

overcoming the use of print media that are less effective [7][38]. 

 

Fig. 2. Estimation Chart for Increased Student Diagram Representation 

4 Conclusion and Future Work 

In this study, the implementation of the influence of Multimedia Learning Modules 

(MLMs) integrated local wisdom on physics learning has been carried out to improve 

the representation ability of student diagrams. The results showed that Multimedia 

Learning Modules (MLMs) integrated with local wisdom can improve students’ 

diagram representation abilities. Improved student diagram representation ability is 

obtained based on the analysis of pretest and posttest scores after using Multimedia 

Learning Modules (MLMs) in physics learning with General Linear Model (GLM) 

techniques. Analysis technique using GLM proves that the MLMs class integrated 

with local wisdom gives improved scores better than the paddle race module class and 

the general teacher module by obtaining a Mean Difference (MD) score of -54,449. 

This value proves a significant increase related to student diagram representation. 
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Suggestions for further research can be to develop multimedia learning 

modules based on local wisdom of other regions in Indonesia to improve the ability of 

physics representation and high-level thinking of students. In addition, it can be 

integrated with evaluation questions to measure students' high-level representation 

and thinking skills. 
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Abstract—There have been lots of studies using traditional concept assess-

ment to measure student’s learning achievement. This study adding game ele-

ments in concept assessment try to measure student’s learning achievement, and 

compare this result with traditional concept assessment to see what’s the differ-

ence between traditional concept assessment and adding game element in con-

cept assessment. Traditional concept assessment using SPRT method in multi-

ple-choice to measure student’s concept mastery, our study using the same 

method and present this method in concept game so that student won’t feel bor-

ing and tiring during this assessment. Our study observe each student’s feed-

back and their concept mastery by using game element to display concept as-

sessment, and analyze is using concept game assessment can shorten student’s 

test time and improve student learning concept knowledge after assessment, the 

result shows that when student using concept game assessment they can know 

their concept mastery immediately by seeing process bar present as their life so 

the test time will be shorten, and student’s concept knowledge was improved af-

ter concept game assessment. Student’s feedback shows that they prefer concept 

game assessment because they can measure their concept mastery during the 

concept game assessment; this study shows that adding game element in con-

cept assessment can improve student’s concept mastery and shorten the test 

time student took. 

Keywords—Concept assessment, concept game assessment, SPRT, concept 

mastery. 

1. Introduction 

Traditional teaching mainly uses tests to understand students’ learning condition. 

Therefore, when there are too many test questions or too many tests, students will be 

fed up with tests and their learning motivation will decrease. If some interesting ele-

ments are added to tests, students’ learning condition can be measured and they may 

become more interested in courses and more diligent in learning. 
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Many studies have verified that game-based learning can increase students’ learn-

ing motivation [1] [2] [8]. The addition of game situations to teaching materials ena-

bles students to learn in fun ways and further increase their learning motivation. 

Moreover, test results can be used to understand the effectiveness of students’ use of 

game-based learning. Compared with the teaching tests in traditional teaching where 

tests are used to test students’ learning progress and students certainly will prepare for 

them in advance, game-based teaching uses the same approach to test students’ learn-

ing progress. However, this study intends to investigate whether it is possible to test 

students in a more relaxed manner without informing them of tests in advance and 

whether students can reflect their learning effectiveness of the concepts of chapters 

during the tests. 

Traditional tests still are required to be used to test learning effectiveness in some 

of the game-based learning. Therefore, this study proposed the test of game-based 

concept map to enable students to maintain their motivation to use the test during the 

test of course concept without experiencing learning fatigue due to high frequency of 

tests. This study designed a game-based concept map test system to enable students to 

reflect their learning in a game-based manner during the use of concept test, as well as 

to enable them to fully reflect their learning condition after operation. Moreover, this 

study also compared the game-based concept map test with general traditional concept 

map test. 

2. Literature Review 

2.1. Game-based learning 

Due to the gradual development of computer games, it has become a trend to add 

teaching materials to computer games to enable students to further develop learning 

interest through their interest in games. Moreover, compared with general traditional 

learning, game-based learning can maintain students’ learning motivation because it 

enables students to actively participate in game activities. Therefore, a well-designed 

game can assist students in learning. 

According to relevant studies, the characteristics of game-based learning environ-

ment are as follows [6]: 

• Integrating course content into games to enable students to understand the 

knowledge and content of courses through the games. Compared with the learning 

methods of traditional courses, it brings different experiences to learners. 

• Learners can solve the difficult problems they encounter through the knowledge 

obtained from games, as well as verify whether they can understand or are familiar 

with the course content. 

• The instant feedback provided by games enables learners to understand whether the 

knowledge they obtain is accurate according to the feedback, as well as constantly 

revise their answers through the feedback, to further complete their learning. 
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The provision of tests or levels of different difficulty levels enables students to per-

form the self-test, as well as to understand their level of understanding of course 

knowledge 

2.2. Computer-based testing 

Nowadays, with the rapid development of computer-based teaching, some scholars 

have investigated the effect of used of computer in teaching tests [10]. The use of 

computer in the tests of various fields has become the approach that many scholars 

intend to investigate because the use of computer in tests can rapidly obtain the in-

formation on user status. 

Some scholars have also discovered that the use of computer not only reduces the 

time of tests, but also increases users’ participation motivation [9]. To education and 

teaching courses, the use of computer in tests has become a catalyst catalyzing the 

transformation of learning types.  

It is uncertain whether the effectiveness of the use of computer in tests is the same 

as that of the use of written tests. Some people question the effectiveness in certain 

courses, such as mathematics, science & technology, language. Some scholars used 

biology course to test whether the effectiveness of computer-based test is the same as 

that of written test. A study found that the effectiveness of computer-based test is the 

same as that of written test [10]. Therefore, the use of computer in tests has become a 

gradually practical approach. 

2.3. Concept map test 

In addition to the general written tests, other studies have proposed different meas-

urement methods, such as oral report and specific project, as the tests for students’ 

learning condition. Although oral reports and specific project enable students to de-

velop their own knowledge framework without being restricted by regulations [5], the 

knowledge framework reflected by students according to the measurement results are 

completely different. Therefore, it is impossible to understand students’ exact learning 

condition. 

Concept map test has been verified as an effective tool which can assist students in 

expressing the knowledge they have learned [3][4]. The use of structural characteris-

tics of concept map enables students to understand their own knowledge level, and 

enables teachers to implement remedial teaching according to students’ familiarity of 

concept map. For example, concept map system can be used to assist students in Eng-

lish writing training [7], or the knowledge building methods of concept map can be 

used to help students improve their ability to tell a story or an event [7]. 

The concept map included two parts. Part 1 was concept mapping. This part was 

teachers’ and experts’ analysis on the concepts covered in courses and the connection 

among concepts, as well as the development of corresponding figure of course con-

cepts. Part 2 was the concept map evaluation. This part was to have students take the 

tests of various concepts, and teachers could understand students’ familiarity with 
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each concept based on their test results. Moreover, they could adjust the courses ac-

cording to students’ learning condition of course concepts [5]. 

3. Game-Base in Concept Assessment System Design 

A scholar has used role-playing to enable students to integrate themselves to teach-

ing game situations in the past study on game-based learning, in order to increase 

students’ interest in concepts and learning motivation [1]. Therefore, based on the past 

study, this study added game elements to tests to analyze whether game-based concept 

map test can more effectively understand students’ familiarity with concepts than 

traditional concept map system can, and investigated the influence of game-based 

concept map test and traditional concept map test on students, in order to find out the 

test method applicable to students. 

Firstly, students would log in their accounts through a start page, and their registra-

tion information could be used for testing. The users would be introduced to the game 

page to take the concept test game if their accounts and passwords match. The users 

would be introduced to the results page when the game of concept of a stage is ended. 

The users could see whether they succeeded or failed in the learning of concept. 

A. Animation Display Area: The display of ongoing games and animations. This 

study used the game of castle guardian. When students answered questions, the 

soldiers of the two parties would attack one another. 

B. Q&A Interactive Area: When users clicked the attack button, questions would be 

generated for them to answer. In addition, animation would be displayed in the 

central display area to enable them to understand whether their answer was wrong 

or right. 

C. Concept Progress Bar: The progress bar would be generated according to the 

values input in the SPRT formula when students’ answers were right or wrong to 

enable them to understand their current progress (the red denotes the current pro-

gress. When the bar is fully in red, the students succeed in the learning of the con-

cept. When the bar is not in red, the students fail in the concept). 

D. Text Message Area: The name of the current concept is displayed here. When 

students answered the questions, the corresponding text messages would be dis-

played according to the students’ answers. 

E. Game Message Area: This area instructed students whether to attack or not. 

Moreover, the messages of success and failure would be displayed when students 

succeeded or failed in the learning of concept. 

The results page was divided into three major blocks: 

a. The success or failure of learning of each concept was displayed through text mes-

sages to enable users to understand whether they succeeded or failed in answering 

the question of concept. 

b. Results block: the proportion of number of right and wrong answers of users was 

displayed. A bar chart was drawn according to the proportion. 
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c. Score block: the score of students was displayed. The score of students was calcu-

lated according to the number of right and wrong answers to the questions of con-

cept. The students could refer to their total score of the learning of the current con-

cept according to this score since the score was calculated using the proportion. 

After entering the system, the students clicked “Attack.” The animation of soldiers 

of the two parties attacking one another would be displayed on the screen. Once the 

soldiers attacked one another, the system would randomly select a question of a con-

cept. The soldiers above the screen would keep attacking one another. After the users 

clicked “Submit,” the display area would determine the soldiers of which party won 

according to the answer (right or wrong) and enable the winning soldiers to move 

towards the castle of the losing ones. When the value obtained from the SPRT formu-

la reached specific proportion, the castle would be damaged to a different extent. 

The success and failure in the learning of a concept was subject to the damage of 

the castle. Because the SPRT calculation cannot determine the result of the learning of 

concept under the situation of repeated right and wrong answers, the concept “partial 

familiarity” was added in the experiment. 

4. Experimental Procedure 

The research subjects were the students taking the course of operating system. A 

total of 139 subjects were selected, and they were divided into two classes, class A 

and class B. This experiment tested 5 concepts concerning the operating system, in-

cluding brief introduction to operating system, computer system structure, operating 

system, processing elements and central processor scheduling. Class A was firstly 

tested using the traditional concept map test system, and then was tested using the 

game-based concept map test system. Class B was firstly tested using the game-based 

concept map test system, and then was tested using the traditional concept map test 

system. The experiment mainly investigated the effect of game-based concept test 

system on concept testing. The experiment compared the test results of the students 

using the two systems as the validity of the system concept test. According to the 

experiment results, 96 students completed the experiment, including 43 students in 

class A and 53 students in class B. 

The experimental procedures were: students used two systems, respectively. Multi-

ple choice questions were used in the system for testing. In the experiment, the same 

question back was used in the experiment for the concept test. During the test, the 

students used two systems one by one. Because students would engage in impression-

based learning of concepts after using the systems, they would pass the test using 

learning memory if there were similar questions. Therefore, this study adjusted the 

experiment data according to the post-learning. TABLE I is the set-up of pre-and-post 

concept maps. If the previous concept test was a success (S) and the next one was a 

failure (F) or partial learning (P), the students’ performance would be regarded as 

regress and two different values (2,0)(2,1) would be offered. 

The reason why the result of former concept as partial learning (P) and the next one 

as a failure (F) was that, partial learning represented that students did not fully under-
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stand the knowledge of the concept. In other words, the system was not sure whether 

the students understood the content of the concept. As a result, the value (P) offered to 

the students represented partial learning. Failure represented that students were not 

familiar with the content of the concept. Therefore, when the students’ former concept 

was partial learning and the next one was a “failure,” this study offered them the value 

(1,1) for comparison. If the pre-test of the concept was a failure (F) and the post-test 

of it was partial learning (P) and the students improved their test result of the concept 

from failure to partial learning due to the test learning, this study would also offer 

them the value (0,0) for comparison. 

Table I. The consistency of the concept results set 

First do concept After do concept Condition and encode 

S F Regress (2, 0) 

S P Regress (2, 1) 

F S Progress (2, 2) 

P S Progress (2, 2) 

F P Fair (0, 0) 

S S Fair (1, 1) 

F F Fair (0, 0) 

P P Fair (1, 1) 

P F Fair (1, 1) 

5. Result and Discussion 

TABLE II to TABLE VII are the Pearson’s test on concept 1~5 and the overall 

concept. The results showed that, there was a significant correlation between the two 

systems, suggesting that the two systems were correlated. Moreover, there was a high 

correlation between them, which further showed that the effectiveness of the two 

systems was the same. 
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Table 1.  Concept 1 Pearson Correlation 

Concept 1 First Game First Concept 

First Game Pearson Correlation 1 .816** 

Sig. (two-tailed)  .000 

N 97 97 

First Concept Pearson Correlation .816** 1 

Sig. (two-tailed) .000  

N 97 97 

Table 2.  Concept 2 Pearson Correlation 

Concept 2 First Game First Concept 

First Game Pearson Correlation 1 .812** 

Sig. (two-tailed)  .000 

N 97 97 

First Concept Pearson Correlation .812** 1 

Sig. (two-tailed) .000  

N 97 97 

Table 3.  Concept 3 Pearson Correlation 

Concept 3 First Game First Concept 

First Game Pearson Correlation 1 .827** 

Sig. (two-tailed)  .000 

N 97 97 

First Concept Pearson Correlation .827** 1 

Sig. (two-tailed) .000  

N 97 97 

Table 4.  Concept 4 Pearson Correlation 

Concept 4 First Game First Concept 

First Game Pearson Correlation 1 .903** 

Sig. (two-tailed)  .000 

N 97 97 

First Concept Pearson Correlation .903** 1 

Sig. (two-tailed) .000  

N 97 97 

Table 5.  Concept 5 Pearson Correlation 

Concept 5 First Game First Concept 

First Game Pearson Correlation 1 .882** 

Sig. (two-tailed)  .000 

N 97 97 

First Concept Pearson Correlation .882** 1 

Sig. (two-tailed) .000  

N 97 97 
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Table 6.  Concept 1 to Concept 5 Pearson Correlation 

Concept 1 to Concept 5 First Game First Concept 

First Game Pearson Correlation 1 .856** 

Sig. (two-tailed)  .000 

N 485 485 

First Concept Pearson Correlation .856** 1 

Sig. (two-tailed) .000  

N 485 485 

 

The experiment found that, because the students used the traditional concept map 

test and game-based concept map test to take their tests of concepts, they might 

learned from the former test system, which led to the fact that the students could learn 

the concepts through system and complete the answers when the questions of con-

cepts were displayed. Therefore, this study classified the data, and performed the 

analysis on the correlation among data. There was a high correlation among data, 

suggesting that the effectiveness of the two systems was the same.  

There was a significant correlation between the two systems. This study added 

game elements to the tests of concepts. During the use of systems, students did not 

suggest that they were taking the tests of concepts. The students would learn concepts 

based on the questions of the tests when answering to the questions. Because this 

study enabled the students to use two systems one by one, the effectiveness of the test 

of concepts of students was better if they used game-based concept test first and then 

use traditional concept test. 

TABLE VIII to TABLE IX are the ratios of progress and regress of class A and 

class B. Class A firstly used the traditional concept map to take the test, and then used 

game-based concept map to take the test. According to TABLE VIII, this study found 

that students’ understanding of game-based concept map test was slightly improved 

after using the traditional concept map system. However, the progress was not signifi-

cant. Therefore, the traditional concept map test system only had the effect of testing 

the learning effectiveness of concepts and could not improve students’ familiarity 

with concepts. 

On the contrary, class B used the game-based concept map test first, and then used 

the traditional concept map test. The results showed that, the learning of concepts was 

improved in the data of traditional concept map test after the students used the game-

based concept map to take the test of their learning. Therefore, after using the game-

based concept map test system, students learned the knowledge of concept through the 

game process and further improved their familiarity with concepts to “progress.” 

TABLE X is the ratios of progress and regress of students’ overall concept. The 

progress ratio of the overall familiarity with concept 1 was 6.2%, while the regress 

ratio of learning was 6.1%. The reason why the progress ratio was slightly larger than 

the regress ratio was that students could learn concepts through game-based map test. 

The overall familiarity of concept 2 improved by 11.34%. This study found that after 

using the two systems to take tests, the students’ score of the system used later (tradi-

tional concept map test) improved due to the learning of concepts. The overall pro-

gress ratio was 10.51%, and the regress ratio was 8.57%, suggesting that game-based 
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concept map test enabled students to better understand the learning of concepts. This 

study regarded progress as students’ progress due to the learning of concept, and re-

garded regress as the situation caused by the students’ condition or environmental 

factors. Therefore, the use of systems, first or later, would lead to students’ learning of 

concept. 

Table 7.  A Progress and Regress 
 

Progress % Regress % 

Concept 1 0% 11.6% 

Concept 2 4.6% 16.27% 

Concept 3 16.27% 11.62% 

Concept 4 2.3% 9.3% 

Concept 5 7% 6.97% 

Total 6% 11.16% 

Table 8.  Class B Progress and Regress 

 Progress % Regress % 

Concept 1 11.32% 1.88% 

Concept 2 15.09% 5.66% 

Concept 3 11.32% 20.75% 

Concept 4 15.09% 3.77% 

Concept 5 13.20% 1.88% 

Total 13.20% 6.79% 

Table 9.  Total Progress and Regress 

 Progress % Regress % 

Concept 1 6.18% 6.12% 

Concept 2 11.34% 10.2% 

Concept 3 14.43% 16.33% 

Concept 4 10.30% 6.12% 

Concept 5 10.30% 4.08% 

Total 10.51% 8.57% 

 

Compared with the traditional concept map test, the game-based concept map test 

displayed the success or failure of learning of concepts and progress of learning in a 

graphical manner. Therefore, students could better understand the changes in values 

and whether they were going to learn the concepts. The tests of concepts could hence 

be speeded up. However, on the other hand, because SRPT formula calculates famili-

arity according to the number of right and wrong answers, the progress ratio of stu-

dents would significantly decrease when they carelessly completed the wrong an-

swers. The students were confused with this phenomenon. Because traditional concept 

map test displayed values and students were less sensitive to values than to images, 

students would experience emotional changes according to the increase or decrease in 

the progress bar, which further affected their speed of tests. 
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The results of the questionnaire showed that the mean of the two questionnaires 

was close and homogeneous (TABLE XI). However, there was no significant correla-

tion between them. The students’ motivation to use the two systems was the same. 

Table II. the mean of the two questionnaires 

No. Subject Traditional Game 

1 Using the traditional concept map test (game-based concept map test) let me 
know more about the course content. 

4.81 4.86 

2 After using the traditional concept map test (game-based concept map test), 

you will understand the concept content that you are not enough. 

4.96 5.00 

3 I feel very happy using the traditional concept map test (game-based concept 

map test). 

4.43 4.47 

4 The subject description is very complete in the traditional concept map test 

(game-based concept map test). 

4.38 4.72 

5 Through the traditional concept map test (game-based concept map test), I 

feel that the course will not be too boring. 

4.58 4.76 

6 I am satisfied with the graphical interface in the traditional concept map test 
(game-based concept map test). 

4.4 4.35 

7 I am satisfied with the interactive way of the traditional concept map test 
(game-based concept map test). 

4.54 4.39 

8 Traditional concept map test (game-based concept map test) makes me feel 

easy to use. 

4.78 4.68 

9 I will promote the traditional concept map test (game-based concept map test) 

to other students. 

4.5 4.54 

10 I like the traditional concept map test (game-based concept map test). 4.56 4.5 

11 Using traditional concept map test (game-based concept map test) makes me 
curious about the course content. 

4.45 4.66 

12 Using traditional concept map test (game-based concept map test) I feel very 

helpful to me. 

4.68 4.72 

13 Compared to the general paper test, I prefer to use the traditional concept map 

test (game-based concept map test) to measure. 

4.81 4.62 

14 I won't be bored with traditional concept map test (game-based concept map 

test) 

4.78 4.63 

15 I will strengthen my study when I use the traditional concept map test (game-

based concept map test) to learn the concept familiarity. 

4.88 4.93 

16 Using the traditional concept map test (game-based concept map test), I feel 

that my heart beats very quickly. 

3.87 4.02 

17 I am annoyed when using traditional concept map test (game-based concept 
map test). 

4.13 4.13 

 

During the interviews, some students mentioned that the speed of animation dis-

play would affect their motivation to use the system. For example, some students 

suggested that the animation display was too slow, and it took a lot of time to wait for 

soldiers to walk to the castle or attack one another in the middle. They could know the 

results of the traditional concept map test right after they completed the answers. 

However, some students suggested that the animation was interesting, and they liked 

this type of test methods. They could succeed in the learning of concepts by damaging 

the rival’s castle. Compare with general traditional concept map test system, students 

preferred using game-based concept map test system. The feedback from the ques-

tionnaire showed that, more than half of the students liked game-based concept map 
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test, 1/3 of them suggested that the traditional concept test was better and other 17 

students did not have any opinion. Moreover, some students mentioned that the imag-

es can be simplified. The system page with too many images made it hard to read the 

questions. 

6. Conclusion 

The main purposes of this study are to use game-based approach to test concepts, 

to investigate whether the addition of game elements to tests of concepts can speed up 

the effect of tests and to improve students’ familiarity with concepts after the tests. 

According to the experiment results, after using game-based concept map test system, 

students’ familiarity with concepts was improved. Moreover, the instant display of 

students’ current progress of learning of concepts enabled them to understand their 

familiarity with concepts in a timely manner. Therefore, students would not lose pa-

tience or motivation due to excessive number of questions during the test or the ex-

cessively frequent tests. According to the research findings, after using game-based 

concept map test, students’ familiarity with concepts was improved. Therefore, if 

uncertain factors are added to the system and images are updated, students’ motiva-

tion to use the system may be better maintained and their familiarity with concepts 

may be improved. For example, if students can use different functions after giving a 

certain number of right answers, their interest in the system will be increased and they 

will be more absorbed in games. Eventually, students’ learning motivation will be 

further increased according to the results of the game-based concept map test. Com-

pared to the general traditional concept map test, students’ learning enthusiasm will be 

higher. 

Moreover, if the effectiveness of learning of concepts can be reflected in scores, 

students can also better grasp their own familiarity with concepts. The experiment 

found that students’ response to scores was stronger. If such type of test can be used 

to enable students to understand their level of understanding according to the tests, 

there is no need to perform more tests on students’ learning progress of courses. It is 

believed that education can have more diversified effects. 
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Abstract—Any educational institution aimed at developing towards e-

learning and creating a more interactive environment and use in all fields of 

governmental institutions. The Ministry of Higher Education and Scientific 

Research (MOHESR) of Iraq and some of the countries in the Middle East 

suffer from weak use of information technology in general and weak use of e-

learning in particular. Therefore, Iraqi MOHESR is in dire need of an electronic 

educational system that solves most of the problems experienced by most 

educational institutions. In this paper, we will develop a strategic plan to build 

an e-learning platform that provides an interactive environment between 

teachers and students in Iraqi universities and offers many advantages to 

overcome some problems in the use of traditional old education. This work is 

related to the use of multi-layered architecture to build the e-learning platform 

(Standard design of e-learning platform for Iraqi MOHESR). The advantage of 

these layers is that each layer is created in the Asp.Net program using N-Tier 

architecture that has functions that are independent of the rest of the layers 

which are(user interface(UI), business Access Layer(BAL),Data Access 

Layer(DAL), Database(DB)). A particular object will not affect the rest of the 

layers or the performance of these layers. 

Keywords—MOHESR, N-Tier, Ado. Net, UI, BLL, DAL, SP, ADDIE. 
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1 Introduction 

The process can be considered as People–Process–Product continuum or P3 

models shown in Figure 1. For example, people involved in the e-learning 

development process can be instructional designers, graphics designers, project 

managers, and quality assurance managers. The product can be a well-designed e-

learning module and the process can be any criterion process like ADDIE [1-3] 

 

Fig. 1. E-Learning People-Process-Product Continuum (P3 model) 

The P3 model is a holistic approach to course development and helps in not only 

creating very high-quality e-learning content but also in the submission and 

maintenance of the course. This work is an attempt to improve the entire educational 

platform development process in a modular approach. We have developed various 
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stages of the entire e-learning development process with regard to the people 

responsible for providing various e-learning and mixed education products. 

Since this paper pertains to improving and developing electronic educational 

platforms affiliated to the Iraqi MOHESR, we conducted a comprehensive study and 

put the most important points of the improvement and development process, so the 

educational platform provides the environment to exchange information more easily 

and quickly using presentations for beginners (trainees). 

The Iraqi MOHESR is always working to stimulate the development and creation 

of e-learning platforms for integration and use in Iraqi education systems, And move 

away from using the traditional education system which is no longer more appropriate 

in view of the current unique status of society gradually, and it wastes time, criticism 

and humanitarian endeavours. Current curricula used by schools in the exceptional 

opposite direction of how to learn and communicate outside of the classroom[4-6]. 

In general, the e-learning development process can be divided into two major 

phases: 

a) Development 

b) Delivery and maintenance 

where the appropriate content is developed in the first stage and delivered using a 

suitable medium in the second stage. Development is an antecedent activity, whereas 

maintenance is an ongoing activity. A typical e-learning process has planning, design, 

development, evaluation, delivery and maintenance stages. The e-learning 

development process is iterative in nature. The number of individuals involved in 

various stages of an e-learning project may differ, based on the size and scope of the 

project[7-10]. 

In this paper we will explain the details of using the class to create the structure of 

the education system that will contribute to the process of improving and developing 

educational platforms for the Iraqi MOHESR, where the project will be divided into 

three or more projects, each project is separate from the other and then we combine 

these projects to form one project that will be suitable for use with the client's server, 

especially on the Internet. The features in this technology allow more people to work 

on the same project. It also raises the level of validating the applications and data that 

are passed to the database, while defining the different roles and responsibilities 

involved in the process of developing e-learning. 

2 Methodology 

There are distinctive terms used to characterize instructive educational computer 

applications, for example, e-learning Systems, Learning Management Systems 

(LMS), Course Management System (CMS) or even Virtual Learning Environment 

(VLE).In these frameworks, students can get to courses' substance in various 

configurations (content, picture, sound), and additionally connect with educators as 

well as colleagues by means of message sheets, meetings, conversations, video-

meetings or different sorts of specialized devices, These stages give an arrangement 
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of configurable highlights, keeping in mind the final goal is to permit the production 

of online courses, pages of subjects, work meetings and learning groups[11]. 

In this paper, we relied on ADDIE methodology in developing and improving e-

learning platforms, which includes the following basic stages (Analysis, Design, 

Development, Implementation, and Evaluation). Where the design and distribution of 

a questionnaire among the various Iraqi universities, including the Iraqi University, 

Baghdad University, and the University of Technology to investigate the direction of 

e-learning with the most prominent basic problems proposed that may face the 

implementation of e-learning projects, and what the main benefits that we can get for 

the higher education sector. 

Through analysis, the developer builds a complete visualization of the "gaps" 

between the results or activities required for the audience's learning tools and their 

current capabilities. The design phase documents specific learning destinations, 

assessment tools, activities and content as shown in Figure 2. Real learning materials 

are completed in the development phase. By implementation, these materials are 

either submitted or posted to the student group, the validity of the preparatory material 

is then evaluated [12-14]. 

 

Fig. 2. ADDIE model 

3 E-Learning Platform Model  

This model is relied on layered technology to create and set up an e-learning 

platforming-Tier architecture is an industry-standard engineering model, suitable for 

assisting client/server applications at the project level by solving problems such as 

scalability, security, adaptive fault tolerance, etc. [15, 16]. 
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Fig. 3. Block diagram of e-learning platform 

These layers are the User Interface Layer (UIL) or Selected Presentation Layer 

(PL), Business Access Layer (BAL), Data Access Layer (DAL). Figure 3 shows the 

N-Tire layer structure.  

The display layer/user interface is the one that interacts with the user, receives the 

requests and shows the results. It consists of web pages, HTML, Ajax, etc. After 

receiving the data and verifying it, the data passed to the next layer. Whereas Business 

Access Layer (BAL) or Business Logic Layer (BLL)is an intermediate layer between 

the first and third layers, whose task is to receive data from the display layer and 

verify that data. If the verification is true, it will pass it to the third layer,most of this 

layer is (a namespace), that is, it contains only the classes we call within the method 

of some of the third layer. 

Data Access Layer(DAL)is the brain of the project, where it is directly linked to 

the database, through which the queries are sent to the database coming from the 

working layer, and receive the results from the database, then pass it to the display 

layer.The 3-Tier system basically works as illustrated in Figure 4. 

 

Fig. 4. The proposed scenario of the 3-Tier layer architectures 

As shown, the most piece of contemporary e-learning stage can be seen as sorted 

out into three essential full-scale segments: Learning Management System (LMS), 
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Learning Content Management System (LCMS), and a Set of Tools for uploading 

lectures and educational materials and publishing various types of evaluations and 

establishing communication. The Content Management System is essentially intended 

to help education or scholarly courses[17, 18]. It enables the teacher to make a course 

platform, where documents can be transferred in common formats such as JPEG, doc, 

ppt, pdf, and so on, without converting them to a web format, for instance, HTML."A 

Content Management System is a combination of techniques used to depict forms in a 

domain that requires a joint effort between various performers" [19, 20]. 

These methods are intended to oversee:  

1. Acquiring data based on client settings. 

2. Collecting and sharing data. 

3. Data Storing management. 

4. Content excess check. 

5. Reporting [5,6]. 

The second type of contemporary e-learning stage has been used to design the e-

learning platform, which is Learning Management System (LMS), by utilizing LMS, 

an e-electronic course is conveyed through and happens inside an incorporated 

framework. Interestingly, engaging students with apparatuses that they can use for 

various purposes and independently supports self-administered and issue-based 

exercises. 

Moreover, each student will have a similar lesson on the web. It means that the 

systems will always provide students with references within the educational platform 

as shown in Figure 5. This speaks to a variation option to discover resources by 

searching online or computerized libraries over the Internet. Everyone who uses a 

similar web index has similar login information to the materials[16]. 

 

Fig. 5. Screenshot of E-learning framework 
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4 E-Learning Platform Database Objects 

Learning objects are basically content units that are communicated by individuals 

through an online platform. We assume that, with regard to such a stage, students are 

the "customers" who consume the material, and that the authors are the individuals 

who provide educational things, in relation to the content, preparation, and learning of 

the offerings must come in reusable packages that can be independently created from 

a transport medium Gradually obtained [21, 22], as shown in Figure 6. 

 

Fig. 6. E-learning platform development flowchart. 

As noted, this diagram is different from the previous scheme in Figure 2, in this 

diagram a middle layer has been added between the user interface layer and data 

access layer. Also, the user interface layer consists of two parts, the data pane, and the 

command pane. When data, commands or both are sent to the data access layer, the 

request is passed to the business logic layer. This layer has been used or created to be 

intermediate between the two layers as well as validation of the commands passed to 

the data access layer, Data that is sent to the data access layer does not pass through 

the business logic layer. 

In addition, the data access layer consists of two levels (Low DAL, High DAL), 

Low DAL communicates directly with the database, while High DAL communicates 

with Low DAL And then into the database. The purpose of the partitioning or 

working layer is to access the data level in this scheme because we used the ADO.net 

technique in order to deal with the database. ADO.net needs a class and a function 

separated from the rest of the classes and functions of the data access layer. High 
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DAL Consists of two blocks (Get/Set Data).Its function is to send and fetch data, 

Check Commands, and Specify Stored Procedure. 

In order to build a database for the educational platform, the structure of this 

database must be well designed and contains many objects and need to make 

relationships between the tables and choosing the correct data type of the listed fields. 

Objects consist of two types of tables and stored procedures, each of these types will 

be used to build the database for the electronic learning platform. The educational 

platform is mainly focused on the courses. These courses contain videos and text files; 

therefore, we need to create a special table for text files and videos. This course may 

be presented on specific times or days, for example, every week or every month, 

hence, we need to design a special table for lectures and connect them with the course 

table using one to many relationships. As a security aspect of the educational 

platform, we organize users, so we need to create a table for the registrants to the 

platform, which is the user table. The users who register on the platform are classified 

into three categories (teachers, students, guests), and here we need to create a table of 

user permissions that will connect this table with the users' table using one to many 

relationships. Moreover, a table named (course join) has been created. In addition, a 

user profile is created by creating a table named (Profile) to identify each user in this 

platform. 

As part of the utilization and organization of course registering process, and since 

this platform is affiliated to a university and this university contains multiple colleges 

,a special table has been created for each college, also separate tables have been 

created for each department in each college. As this platform is educational, so there 

will be a lot of courses added to this platform. A special table has been created to 

search for a specific course in order to organize and arrange the educational platform. 

Also, secondary special-purpose tables have been created such as help tables, articles 

table, etc. The stored procedure is a function inside the SQL server. The advantages of 

using stored procedure are ease of maintenance, testing capability, and its speed are 

higher than normal command, and also provides high security to the database. The 

listing below specifics why stored procedures have obtained such a going strong 

following between application developers and even database administrators for that 

matter: Maintainability, Testing, isolation of business rules, speed/optimization, and 

Security[23, 24]. As illustrated in Figure 7. 
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Fig. 7. Tables and stored procedure Used to create an electronic educational platform 

5 Implementation E-learning Platform 

To build an e-learning platform, we used a multi-layer architecture and built a 

planner and developed it to create a more flexible, user-friendly interactive platform. 

The basic function of using multiple N-Tier architectures is to design three projects in 

one integrated project. These three projects are isolated from each other. It is possible 

to use any programing language. These projects are (Presentation Layer, Business 

Logic Layer, Data Access Layer). 

In the Presentation Layer or User Interface layer, the design of pages such as 

(ASP.net, java scripts, CSS, etc.) has been done. In Business Logic Layer we created 

the class library (DLL), so it is possible to create a web service inside this layer. 

In Data Access Layer(DAL)we also created the class library (DLL).It is 

implemented as a separate class library project, where all the basic data source code is 

located, such as creating a database connection and issuing database commands such 

as (SELECT- INSERT- UPDATE- DELETE). 

Figure 8 shows the mechanism of adding courses to the educational platform by 

clicking on the new course option and then showing a new window which consists of 

(select field) through which we choose the name of the field, while (course start) 

specifies the starting date of the course, (course finish) specifies the course ending 

date. 

iJIM ‒ Vol. 14, No. 6, 2020 179



Paper—Design and Implementation of an E-learning Platform Using N-Tier Architecture 

 

Fig. 8. Adding courses in the E-learning platform. 

The next field is (course title) through which we can type the course title and a 

brief introduction to the course in the (about course) typing box. After completion, we 

click on the new course command. 

 

Fig. 9. Displaying courses in the E-learning platform. 

After adding a new course, check the enrolments the course and show the courses 

by going to (your course) tab. This page shows all the courses provided by the 

teacher. 

6 Results and Discussions 

The results of the e-learning platform assessment questionnaire Informatics 

Institute for Postgraduate Studies (IIPS)and the Iraqi Commission for Computer and 

Informatics ICCI platform, has been implemented by teachers and students. The form 

of the e-learning platform assessment questionnaire IIPS and ICCI platform has been 

written as shown in Figure 10. 
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Fig. 10. Illustrated E-learning platform assessment questionnaire IIPS And ICCI platform 

The total number of teachers is 13 among Ph.D. and M.Sc. holders in various 

specializations, and the total number of students is 10 also in various specializations, 

as shown in Figure 11. 

 

Fig. 11. The questionnaire of students. 
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As noted, the average of responses was as follows: 

1. The program is easy to use in general. 

2. Includes the accuracy of the contents and free from linguistic and grammatical 

errors. 

3. Easy to upload and download materials through the platform. 

For the statistical chart of the teachers, the answers were as follows: 

4. This platform is free of grammatical and linguistic errors. 

5. It provides an interactive environment between the trainer and the trainee. 

6. It provides different levels of education. 

7. Easy to upload and download materials without any help. 

8. Ease to navigate through the pages. 

For materials submitted through a specific time by allocating a period of time to 

start and end this course.as shown in Figure12. 

 

Fig. 12. The questionnaire of teachers. 

7 Conclusion 

This paper presents a comprehensive review of e-learning and the development of 

the electronic learning platform system using the three-layer architecture, the 

presentation layer, the business logic layer, and the data access layer. The theoretical 

parts of the courses are provided by a standard LMS, enabling: 

1. Account management 

2. Security protection 
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3. Collaborative learning 

4. Student activity tracking 

5. Feedback collection 

Detailed approaches to this architecture are discussed and analyzed in detail. A 

more interactive and user-friendly learning platform has been developed to promote 

education and encourage its use in all educational institutions. 
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Abstract—Learning Management System (LMS) is a learning process that 

utilizes computer information technology equipped with internet and multime-

dia telecommunications facilities (graphics, audio, video) in delivering material 

and interaction between instructors and learners. The purpose of this study is to 

develop blended learning Using Claroline as a learning tool that facilitates stu-

dents in learning. To achieve the objective of the study the research uses a 

quantitative approach to collect data using pre and post tests and questionnaires. 

The sample in the study were students of economic Islamic consisting of two 

classes, with a total of 50 students enrolled in this study. The results show that 

the difference in the average pre-test and post-test score was -29.43720. While 

the t-test that tests Ho: pre-test = post-test gives a value of t = -37.43720 

with a degree of freedom of 49. While the p-value for the two-sided test of 

0,000 is smaller than α = 0.05. This data approves that the statistical hypothesis 

Ho: pre-test = post-test is rejected, meaning that the average pre-test and 

post-test scores are significantly different. The findings of this study can be 

used to recommend effective ways of learning and teaching using e-learning 

that can improve student learning outcomes in higher education. The implica-

tions of this research is to encourage teachers to use e-learning technology and 

facilitate students with the technology in improving academic learning out-

comes. 

Keywords—Learning Management System, Blended Learning, Claroline, Mo-

tivation 

1 Introduction 

The rapid development of information and communication technology (ICT) in the 

current era of globalization cannot avoid its influence on the world of Education. The 

demands of the global world urge the world of education to constantly adapt to tech-

nological developments, especially adaptation to the use of ICTs in the learning pro-

cess. The progress of information technology has had a positive impact on the ad-

vancement of education today. Especially computer and internet technology, both in 

terms of hardware and software, provide many offers and choices for the world of 
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education to support the learning process. The advantages offered not only lie in the 

speed factor for getting information but also multimedia facilities that can make learn-

ing more interesting, visual and interactive. Changes in the education system are the 

demands of a nation to have quality human resources. In line with the development of 

Information and Communication Technology (ICT) as can be seen in the e-learning 

based learning environment, each individual student has the freedom to determine 

what he wants to learn, where and how the learning process is carried out. In a learner 

centered learning environment, various facilities are provided in such a way that each 

individual student can actively build his own knowledge structure based on his own 

initiatives and responsibilities. 

Through a learning environment supported by Information and Communication 

Technology (ICT), students have enormous access to abundant learning resources, 

receive feedback, and continually refine their understanding through a process known 

as generative learning. Lecturers as facilitators or moderators of their duties help stu-

dents to want to learn on their own, formulate their understanding, evaluate the suita-

bility of students' ideas with the ideas of experts. While the task of students is to ac-

tively learn and digest the knowledge provided, students can express ideas, criticize 

the opinions of lecturers which are considered inappropriate. Learning outcomes are 

actual abilities that can be measured directly, where the learning outcomes will later 

be known to what extent the educational and teaching goals that have been achieved. 

The learning outcome assessment process can provide information to the lecturer 

about the progress of students in an effort to achieve their learning goals through 

learning activities, then from that information later the lecturer can arrange and plan 

the process of further learning as an effort to realize better learning goals. The study 

"Student Characteristics and Learning Outcomes in a Blended Learning Environment 

Intervention in Ugandan University" found that the effect of blended learning on 

learning outcomes showed significant results. This shows that blended learning im-

proves student learning outcomes. [1] 

Research on "Evaluation of Blended Learning Approaches in Computer Engineer-

ing Education" Integrates face-to-face online and traditional learning in Algorithms 

and Programming courses at the Computer Engineering Department at Suleyman 

Demirel University, taught with blended learning methods. Achievement of the 

Learning Management System (LMS) at the university by using distance education 

technology in the flash animation course, the evaluation carried out has met the speci-

fied standards. Then analyze and compare student performance both with online 

learning and traditional learning or face to face. Showing results that are more effec-

tive, student achievement is better than expected compared to traditional face-to-face 

learning. The ability to think of student algorithms is better [2]. Referring to the re-

sults of the existing research, the blended learning learning model that combines face-

to-face learning, with online learning learning shows an increase in students' compre-

hension skills in mastering learning material so that it can improve student learning 

achievement. For this reason, it is necessary to conduct research that can develop 

strategies or learning models that are an alternative to achieving effective learning 

goals. 
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2 Literature Review 

A literature review will be used to study different definitions of blended learning, 

the difference between a traditional, web facilitated, blended learning and online 

course; the implementation of a blended learning course in the process of learning 

English at National Research Tomsk Polytechnic University. Also the example of 

using the English course to teach engineering students will be provided. Allen and 

Seaman divide all courses into groups; 

1. Traditional course which doesn’t use online technologies. All the material is given 

orally or in pen 

2. Web facilitated course user web-based technologies, For example, web pages are 

used to provide the syllabus and assignments (1-29 % of the material is given 

online) 

3. Blended (hybrid) course combines online learning and face-to-face classes (30-

79% is delivered online) 

4. Online course implies that most of all the content (more than 80%) is delivered 

online [3]. 

The potential for implementing learning with the blended learning system is very 

possible to implement, along with the development of information and communica-

tion technology. Book of “Preparing for Blended e-Learning” The combination of 

conventional teaching approaches and e-learning elements within a single course or 

programme is commonly referred to as ‘blended learning’, but we can also think of it 

as blended e-learning, the blend refers to the proportion of e-learning content within 

the course [4]. Next the basic principle of blended learning is that face-to-face oral 

communication and online written communication are optimally integrated such that 

the strengths of each are blended into a unique learning experience congruent with the 

context and intended educational purpose. [5]. Research Student Characteristics and 

Learning Outcomes in a Blended Learning Environment Intervention in a Ugandan 

University menemukan bahwa pengaruh pembelajaran blended learning terhadap hasil 

belajar menunjukan hasil yang signifikan. Hal ini menunjukan pembelajaran bleneded 

learning peningkatan hasil belajar mahasiswa. [1]. Research Development of blended 

learning model with virtual science laboratory for secendary students. The aim of this 

development study is to develop a blended learning model that uses project-based 

learning through virtual science laboratories in science classes for high school stu-

dents. This model can improve students' ability to understand lessons more easily, and 

make it possible to conduct experiments as high as encouraging students to carry out 

further experiments. [6]. 

Based on the assumptions above, blended learning based learning is the best choice 

to increase effectiveness, efficiency, and greater attractiveness in interacting between 

humans in diverse learning environments. Blended learning offers learning opportuni-

ties to be good together and separate, as well as at the same time or different. A learn-

ing communication can be done by students and instructors who can interact at any 

time and anywhere because they use the use of computer and other devices (iPhone) 
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as learning facilities. Based on the assumptions above, blended learning based learn-

ing is the best choice to increase effectiveness, efficiency, and greater attractiveness in 

interacting between humans in diverse learning environments. Blended learning offers 

learning opportunities to be good together and separate, as well as at the same time or 

different. A learning communication can be done by students and instructors who can 

interact at any time and anywhere because they use the use of computer and other 

devices (iPhone) as learning facilities. Blended learning has a number of advantages 

in comparison with traditional learning courses. One of the advantages of blended 

learning is that it is easily adaptable to learners’ needs. The adaptability comes from 

different ways how online resources can be used. The most important component of 

blended learning is its flexible course. If the teacher notices any problems that the 

learners have while studying the course, he/she can immediately solve these problems 

by changing the material and learning activities. Learners’ individual needs should be 

taken into consideration, otherwise even well-designed courses can fail. If the course 

is flexible it contributes to raising learners’ motivation. 

3 Research Methodology 

The paper outlines the methodology for the Both qualitative and quantitative data 

were used together in this study, including pedagogical objectives, task design, selec-

tion of a blended course, as an educational tool and its implementation in the learning 

process. We use the following methods in our research: the analysis, the review of 

literature, observing our own professional experience with data analysis. The purpose 

of the study is to solve the problems that occur in learning by developing a blended 

based learning package in the management information system course, we’ve formu-

lated the following pedagogical objectives: 

1. Obtain an overview of the conceptual model of blended learning based on man-

agement information systems courses 

2. Describe the procedural model of blended learning based management information 

systems courses 

3. To evaluate the hypothesis that blended learning is an effective educational tool to 

learn and teach management information systems at the technical university 

This research was conducted at the Manado State Islamic Institute (IAIN) in 2018. 

The first step in conducting a literature study included: summarizing, interpreting and 

evaluating the literature related to the subject of research in building a theoretical 

framework. The researcher modified the questionnaire before giving it to the respond-

ent to answer, the number of respondents was 50 students consisting of 25 class A 

students and 25 class B students, which would be distributed to all respondents direct-

ly in their respective classes. Questionnaire data was collected within 2 weeks. After 

filling in the answers, all of them are collected for further data analysis by researchers 

to obtain results and findings from the development of blended learning models. All 

the data collected from the respondents were gathered together to be analyzed using 

Statistical Package for the Social Sciences (SPSS) version 21. The analysis includes 
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both descriptive and inferential analysis. The researchers used descriptive analysis to 

analyze the frequency and percentage of the overall population in the demographic 

background. Besides, it is also used to determine the mean, standard deviation, fre-

quency and percentage to identify the effectiveness development of blended learning 

models. 

3.1 Testing Requirements Analysis 

Table 1.  Testing the Normality of Initial Value Data (Pre-test) 

Initial Value Frekuensi Fkomulatif Z F(Z) S(Z) L 

29.97 1 1 -2.0823389 0.0186558 0.02 0.0013442 

33.3 3 4 -1.7431958 0.0406497 0.08 0.0393503 

36.63 2 6 -1.4040526 0.0801516 0.12 0.0398484 

39.96 4 10 -1.0649095 0.1434584 0.2 0.0565416 

43.29 5 15 -0.7257663 0.233991 0.3 0.066009 

46.62 7 22 -0.3866232 0.3495176 0.44 0.0904824 

49.95 6 28 -0.04748 0.4810653 0.56 0.0789347 

53.28 4 32 0.2916631 0.6147279 0.64 0.0252721 

56.61 5 37 0.6308063 0.7359164 0.74 0.0040836 

59.94 3 40 0.9699494 0.8339641 0.8 0.0339641 

63.27 5 45 1.3090925 0.9047485 0.9 0.0047485 

66.6 4 49 1.6482357 0.9503478 0.98 0.0296522 

69.93 1 50 1.9873788 0.9765598 1 0.0234402 

 
Average 50.4162 

Standard Deviation 9.81886 

Alpha 0.05 

L table 0.12530 

L count 0.09048 

Based on the above calculations obtained L count = 0.09048. At the real level (Alpha) = 0.05 n = 50, the 

price of L table = 0.12530. Because L count = 0.09048, the initial value data (Pre-test) is normally distrib-

uted. 

4 Results and Findings 

Normality testing is the calculation of statistical data to test data whether it is con-

tinuously distributed normally or not, so hypothesis testing can be carried out. The 

normality testing technique uses the Lilliefors Test, the calculation and testing process 

is shown in the appendix. 

The statistical hypothesis underlying normality testing is: 

Ho: data is normally distributed 

H1: data is not normally distributed 

Based on the hypothesis above, the criteria used are rejecting the null hypothesis, if 

the value of L count > L table at a significant rate α = 0.05, which means the data is 

from a population that is not normally distributed. Instead accept the null hypothesis, 
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if the value of L count < L table at a significant level α = 0.05, which means the data 

is from a population that is normally distributed. 

4.1 Normality of pre-test data 

The initial value data (pre-test) is student value data before being taught using the 

blended learning. Based on the results of the Microsoft Excel application, it is known 

that the average pretest value is 50.41 and the standard deviation value (si) is 9.8188. 

Next is to determine the normal cumulative probability F (zi) and the cumulative 

probability of impulse S (zi), based on the results of the normal cumulative probabil-

ity and the large probability is L count = 0.9048. Sample = 50 and significance level α 

= 0.05. L table = x = 0.12530 / (⎷50) = 0.12530. The calculation results show that at a 

significant level of 0.05 L count < L table (0.09048 <0.12530) which means accepting 

the null hypothesis. The conclusion of the pre-test data is that it comes from a popula-

tion that is normally distributed 

4.2 Normality of post-test data 

The final value data (post-test) is student value data after being taught using the 

blended learning. Based on the results of the Microsoft Excel application count, it is 

known that the average value post-test is 79.99 and the standard deviation value (si) is 

8.83574. Next, determine the normal cumulative probability F (zi) and the cumulative 

impulse probability S (zi), based on the results of the normal cumulative probability 

and the cumulative probability of the student's post-test results obtained the highest 

price is L count = 0.11675. Sample = 50 and significance level α = 0.05. L table = x = 

0.886 / (⎷50) = 0.12530. The calculation results show that at a significant level of 

0.05 L count < L table (0.11675 <0.12530) which means accepting the null hypothe-

sis. The conclusion of the pre-test data is that it comes from a population that is nor-

mally. 

4.3 Data homogeneity test 

Testing the sample data that has been proven to be normally distributed, then fur-

ther testing of the homogeneity of the variance of the two samples is carried out. Ho-

mogeneity testing techniques using the Barrett Test, the calculation process and test-

ing are attached. The statistical hypothesis underlying homogeneity testing is: 

Ho: homogeneous sample data 

H1: sample data is not homogeneous 

Based on the hypothesis above, the criteria used are rejecting the null hypothesis, if 

the value of x² count> x² table at a significant level α = 0.05, which means the sample 

data is not homogeneous. Instead accept the null hypothesis, if the value of x² count 

<x² table at a significant level α = 0.05, which means the sample data is homogene-

ous. Based on the results of the Microsoft Excel application count, the sample com-

bined variance = 1.89762 and unit price B = 21.7000, and the value of x² count = -

290,839, the value of x² table at a significant level α = 0.05 is 3.841. So x² count = -
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290,839 <x² table = 3,841, so it can be concluded that Ho is accepted which means the 

sample data is homogeneous. 

4.4 T test (paired t-test) 

The implementation of the model is to see how the effectiveness of the blended 

learning the Management Information System course. he effectiveness of the product 

model developed is calculated through analysis using SPSS which produces the fol-

lowing information: 

Table 2.  Results of the SPSS Program Calculation Process. 

Paired Samples Test 

 Paired Differences t df Sig. (2-

tailed) Mean Std. Devia-

tion 

Std. 

Error 

Mean 

95% Confidence Inter-

val of the Difference 

Lower Upper 

Pair 1 
Pre test - 
Post test 

-29.43720 5.52157 .78087 -31.00641 -27.86799 -37.698 49 .000 

 
Paired Samples Statistics 

 Mean N Std. Deviation Std. Error Mean 

Pair 1 
Pre test 50.4162 50 9.81886 1.38860 

Post test 79.8534 50 8.81010 1.24594 

 
Paired Samples Correlations 

 N Correlation Sig. 

Pair 1 Pre test & Post test 50 .830 .000 

 

The data above shows that the mean score of the pre-test and post-test score is -

29.43720. While the t-test that tests Ho:  pre-test = post-test gives a value of t = 

-37.43720 with 49 degrees of freedom. While the p-value for the two-tailed (2-tailed) 

test is 0.000 which is smaller than α = 0,05. This data proves that the statistical hy-

pothesis Ho:  pre-test = post-test is rejected. The conclusion that can be drawn is 

that the mean score of the pre-test and post-test are significantly different. The data 

above also shows the correlation of the two variables at r = 0.830 and hypothesis test 

data to determine the significance of the correlation p-value = 0.000. In this case, p-

value = 0,000 is smaller than α = 0.05, so pearson correlation is significant.  

Based on the above data analysis it can be concluded that the average score of the 

pre-test and post-test is different, and the difference is significant. This means that the 

product of the blended learning package in the Management Information System used 

by students is effective, because it produces meaningful learning outcomes for stu-

dents. The findings of this study can be used to recommend effective ways of learning 

and teaching using e-learning so that it can improve student learning outcomes in 

higher education. The implications of this research recommendation are to encourage 

192 http://www.i-jim.org



Short Paper—Development of Learning Management System-Based Blended Learning Model using … 

them to use e-learning technology and facilitate students in improving academic 

learning outcomes. 

5 Conclusion 

The results of the research and data analysis obtained from the evaluation during 

the development process of blended learning products in the Management Information 

Systems course are 

1. The process of research and development carried out has produced a product of the 

blended learning in the Management Information System course. This product con-

sists of procedural models and physical models. The procedural model is the result 

of the construction of the theoretical study which is manifested in the form of im-

ages. The procedural model that was successfully developed consisted of the steps 

to develop a blended learning tool in the Management Information System course. 

Whereas physical products are manifested in the form of programs (systems) for 

blended learning based on learning management systems (LMS) which are 

equipped with learning tools such as syllabus, lesson plans, compilation of teaching 

materials, and evaluation systems. 

2. Development of field testing to determine the effectiveness of the product of 

blended learning development in the Management Information Systems course. 

The effectiveness test is done by testing the normality of the initial test data (pre-

test) with the results of calculations that show that at a significant level of 0.05 L 

count < L count < L table (0.96191 < 0.14010) which means accepting the null hy-

pothesis. Conclusion of the pre-test data is derived from a population that is nor-

mally distributed. The final test data (post-test) with the calculation results shows 

that at a significant level of 0.05 L count < L table (0.107363 < 0.14019) which 

means accepting the null hypothesis. Conclusion of the pre-test data is derived 

from a population that is normally distributed. 

3. Test homogeneity of data seen at the significance level of = 0.05 obtained x² table 

= 3,841, then x² count = -290,839 <x² table = 3,841, so it can be concluded that H₀ 

received means homogeneous data. And the effectiveness of the data test is done 

by analyzing the mean score of the results of the pre-test and post-test using the 

SPSS program. Based on the data about the opinions and ratings of students on the 

blended learning model they follow, it can be concluded that the mean score of the 

pre-test and post-test is not significantly different. This data shows the correlation 

of these two variables at r = 0.815 and hypothesis test data to determine the signifi-

cance of the correlation p-value = 0.000. In this case, p-value = 0,000 is smaller 

than α = 0.05, so person correlation is significant. 

4. The right learning innovation will arouse the independence and confidence of 

students who have tried to find and explore learning resources not only from the 

teacher. It is this assumption that delivers blended learning to become an option 

when learning is not enough just face to face. Students get the opportunity to 

develop communication skills both in class and outside the classroom through 

online interaction with each other sambal discussing problems Together, for 
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teachers can optimize the learning model in improving student learning 

independence, especially management information systems.  
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Abstract—Mathematics is essential to be mastered by students because it 

can help students to solve various problems in daily life. Students are anxious 

and afraid to take mathematics lessons. Augmented Reality (AR)-assisted sto-

rybook blends fantasy and reality and is developed to see the impact on students 

'mathematics anxiety. This study aims to determine the effectiveness of AR-

assisted storybooks on students' anxiety in mathematics learning. This study us-

es a quantitative approach with the type of research quasi-experiment and with 

the design of the pretest-posttest control group design. The study sample in-

cludes 348 fourth grade students in elementary school in Yogyakarta. The sam-

pling technique used is the cluster random sampling technique. Independent t-

test techniques analyzed data. The results showed that the sig value 2-tailed in 

the independent t-test was 0.00 (<0.05). Thus, it can be stated that AR-Assisted 

storybook has a positive and significant effect on students' mathematics learn-

ing anxiety. 

Keywords—Anxiety, Augmented Reality, Elementary School, Mathematics 

Learning, Storybooks. 

1 Introduction 

Mathematics lesson often regards as a difficult subject for students to understand. 

The survey results revealed that many students at various levels experienced mathe-

matical anxiety, ranging from early elementary school to college-level [1], [2]. Math-

ematical anxiety defines as feelings of tension that interfere with the ability to solve 

mathematical problems in everyday life and learning [3]. Mathematical anxiety di-

vides into two parts. It was anxiety about learning [4] and the test [5]. 

Students with mathematical anxiety have disliked or worried, and this will affect 

their physiological conditions, such as changes in heart rate, nerve activation, and 

cortisol [6], [7]. Symptoms of students when asked to do math assignments show 

iJIM ‒ Vol. 14, No. 6, 2020 195

https://doi.org/10.3991/ijim.v14i06.12285


Short Paper—The Use of AR-Assisted Storybook to Reduce Mathematical Anxiety on Elementary School 

nerve activation similar to that found when individuals experience physical pain [6]. 

Mathematical anxiety is even considered to be similar to a phobia [4]. When individu-

als see attention stimulation related to mathematics, their nerve responses will see it as 

something threatening to create individual behavior that is controlled by fear [8]. The 

conceptualization of anxiety focused on cognitive interference, such as incompetence, 

helplessness, and concerns of students who were anxious about the test [9]. Many of 

the irrelevant thoughts that describe to anxious students focus on the reasons for their 

performance (i.e., "I am not smart enough"). This anxiety can psychologically inter-

fere with one's performance in learning [10]. Mathematical anxiety has been recog-

nized as an important factor that influences mathematical learning, mathematical 

achievement, and basic numerical abilities in the classroom [11]. 

The emergence of mathematical anxiety is influenced by the students' negative ex-

perience with mathematics [1], [12]. Other causes are the teacher's teaching style in 

the class based on conventional methods, which is done with a focus on developing 

skills and understanding [13], [14]. Thus, the teacher needs to pay attention to provid-

ing positive experiences for students in learning. One way that teachers can try to 

overcome math anxiety is to use learning media that make students feel 'enjoy' when 

learning mathematics. 

So far, no media has been focused on the examination of mathematical anxiety im-

pact. The steps to reduce mathematics anxiety are still in the form of strategies for 

teaching so that students' math anxiety can be reduced [15], [16]. This study seeks to 

develop media that can attract students to learn mathematics. One medium that can 

attract and be close to students is a storybook with mathematical material contents. 

Storybooks have been developed by several researchers before proven to be able to 

attract students' attention, create an impact of pleasure and allow the subject matter to 

be included in it [17], [18]. 

The storybook is developed using the help of Augmented Reality, a technology that 

integrates the real world and virtual world interactively through a 3D visualization 

display [19], [20]. Augmented Reality has the advantage of attracting students' atten-

tion, create learning collaborative, and become independent. It is an ocular involve-

ment that helps students cognitive processes [21], [22]. Also, visual assistance from 

AR can help students understanding mathematics materials being taught [23], [24].  

Thus, it can be concluded that the study design study using learning-based Aug-

mented reality led to an increase in the hypothesis of activity [25]. AR design princi-

ples, i.e., giving challenge, fantasy, and look at the invisible part for the user [26]. 

Through this media, students are invited to realize abstract images or objects to be 

semi-real. Augmented reality technology emerges to complete the storybook to make 

it more interactive. The advantages of storybooks that are equipped with AR are ex-

pected to reduce students' mathematical anxiety. The formulation of this study focuses 

on the effectiveness of storybooks to reduce anxiety in elementary school students. 
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2 Method 

2.1 Participant and procedure 

This research was conducted in the province of Yogyakarta with a population of all 

fourth-grade students in state-owned elementary schools in the Yogyakarta Special 

Region. The sample is determined using a cluster random sampling technique. As a 

result, 348 grade IV elementary school students were taken with consideration of 

essential school representation in 4 districts/cities in DI Yogyakarta, namely Yogya-

karta city, Sleman district, Bantul district, and Kulonprogo district.  

They were then divided into three groups, which were 2 experimental groups 

(group 1 consisted of 116 students and Group 2 consisted of 116 students) and the 

control group (1 class consisting of 116 students). Three groups were randomly se-

lected, but they have the same characteristics (homogeneous). The two groups became 

the experimental group that would be treated by using AR-assisted Storybook on 

mathematics learning and one other group as the control group using conventional 

picture media in mathematics learning. The three groups were given a pretest by fill-

ing out the questionnaire at the beginning to determine students' anxiety in learning 

mathematics before being given special treatment. Then, in the end, after being given 

special treatment, students were given a posttest by filling out the questionnaire. Data 

obtained were then analyzed using a paired t-test and independent t-test. A paired t-

test was conducted to prove whether there was a difference in anxiety between the 

students and the posttest. Next, an independent t-test was conducted to determine 

whether there were differences in anxiety among students who treated by using the 

AR-assisted Storybook with a group that did not use the AR-assisted Storybook in 

mathematics learning. 

2.2 Measurement 

The instrument in this research is Children’s Anxiety in Math Scale (CAMS) ques-

tionnaire adapted from Jameson [27]. The number of questionnaire items consisted of 

16 items on a scale taken in a range of 1-5. This tool has been tested through Explora-

tory Factor Analysis (EFA) with Parallel Analysis that produces three-factor solu-

tions, which are general math anxiety (general math anxiety), mathematical perfor-

mance anxiety (math performance anxiety), and math error anxiety.  

2.3 Data analysis 

This research uses descriptive statistical analysis techniques and inferential statis-

tics. Descriptive analysis was carried out by categorizing the tendency of scores into 

five-level, which are very high, high, medium, low, and very low [28].  

Inferential statistical analysis is done to test the predetermined hypothesis. Hypoth-

esis testing uses paired t-test techniques and an independent t-test technique to find 
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out whether there are differences between groups treated with untreated groups. The 

testing of inferential statistics was carried out with the assistance of SPSS version 22. 

3 Results and Discussion 

3.1 Results of research 

The result of descriptive statistic analysis data from pretest dan posttest applied on 

experiment and control class are as follows: 

Table 1.  Anxiety Score Tendency 

Class Criteria 
Pre-test 

Mean 
Post-test 

Mean 
F % F % 

Experiment Group 1 

Very high 13 11.21 

55.91 

0 0.00 

34.78 

High 58 50.00 4 3.45 

Medium 34 29.31 13 11.21 

Low 11 9.48 72 62.07 

Very low 0 0.00 27 23.28 

Experiment Group 2 

Very high 17 14.66 

58.00 

0 0.00 

34.26 

High 61 52.59 1 0.86 

Medium 35 30.17 10 8.62 

Low 3 2.59 84 72.41 

Very low 0 0.00 21 18.10 

Control group 

Very high 26 22.41 

58.09 

2 1.72 

41.44 

High 45 38.79 12 10.34 

medium 34 29.31 40 34.48 

Low 11 9.48 52 44.83 

Very low 0 0.00 10 8.62 

 

Based on the data in Table 1, the tendency of the pretest scores of the three classes 

shows that the highest frequency is in the high category compared to other categories. 

This means that students' anxiety towards mathematics learning is mostly in the high 

category. Experimental class 1 with 58 students (50.00%) were categorized as high, 

experimental class 2 with 61 students (52.59%) were categorized as high, and control 

class with 45 students (38.79%) were categorized as high with an overall average of 

58.09 (high). 

However, after treatment, the posttest results showed that there was a decrease in 

students' anxiety levels in mathematics learning. The tendency of the posttest scores 

of the three classes shows that the highest frequency is in a low category compared to 

other categories. This means that students' anxiety towards the majority of 

mathematics learning has begun to fall low category. Experimental class 1 with 72 

students (62.07%) then entered a low category. Experimental class 2 with 84 students 

(72.41%) were in a low category, and the control class of 52 students (41.44%) down 

to low category with the overall average amounting to 41.44 (low category). 
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The decrease in students' anxiety levels in mathematics learning can be seen from 

the decrease in the average between before given treatment and after (pretest and 

posttest). In experimental class 1, the average pretest score was 55.91 which meant 

that it was still in the high category, but after being given treatment, the average 

posttest dropped to 34.78 in the low category, a decrease in the average score of 21.13 

from the pretest. In experimental class 2, the average pretest score was 58.00 which 

means it was still in the high category. However, after being given treatment, the 

average posttest dropped to 34.26 in the low category, a decrease in the average score 

of 23.74 from the pretest. In the control class, the average pretest score is 58.09, 

which means it is still in the high category, but after being given treatment, the 

average posttest dropped to 34.26 in the low category, a decrease in the average score 

of 41.44 from the pretest. 

 

Fig. 1. Pretest Posttest Score Math Anxiety Decrease Diagram 

The results of hypothesis testing with inferential statistics using the t-test paired t-

test and independent t-test are as follows. The results of the paired t-test show that the 

value of sig. <0.05, which means that the accepted hypothesis is that there are 

differences in students' anxiety on mathematics learning between before being treated 

and after. The results of paired t-test calculations can be seen in the following table. 

Table 2.  Paired t-test Result 

Paired Samples Test 

Pretest – Posttest 
Sig.(2-Tailed) Alpha value Desc. 

0.00 0,05 Difference appeared 

 

The results of hypothesis testing using the independent t-test technique indicate 

that the value of sig. <0.05, which means the accepted hypothesis is that there is a 

difference between the treated group (experimental group) using the AR-assisted 

storybook and the untreated group (the control group) using the AR-assisted 

storybook. The results of independent t-test calculations can be seen in the following 

table. 
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Table 3.  Independent t-test Result 

Independent Samples Test 

Equal variances assumed Sig.(2-Tailed) Alpha value Desc. 

0.00 0,05 Difference appeared 

3.2 Discussion 

Mathematical anxiety involves various fields of science such as psychology, 

education, and neuroscience [29]. This can be a barrier for students in gaining 

achievements in learning mathematics. There are two opinions about the obstruction 

of learning achievement, first, the disruption accounts due to disruption of work 

memory performance (WM) and the second, due to reduced mathematical abilities 

(reduced competency accounts) which result in anxiety [2]. Students who experience 

anxiety will feel an increase in heart rate [16] and other researchers liken this to a 

feeling of phobia [4], [8]. 

Mathematical anxiety can be reduced if there is a comfortable mathematics 

learning, The teacher becomes an important factor in creating comfort in learning 

[30]. The Teacher’s error in conveying mathematics learning can make appearing of 

students' math anxiety increase. Therefore, the teacher needs to use media that makes 

students happy and comfortable, one of them through the AR-assisted storybook. 

Storybooks are developed with the aspects of content and appearance. Content 

aspects include story elements such as themes, setting, characterization, plot, point of 

view, language style, and mandate [31]. Display aspects include color, text, and 

position of images, pages, and sizes. Color must consider the theme of the story 

because it will affect the atmosphere of the reader [32]. Primary school students like 

striking colors [33]. The position of the text and images must match and may not 

overlap. The number of pages that corresponds to elementary students is between 32-

64 with a maximum book size of 11 inches [32]. 

Exercises or mathematical problem tasks are presented as a complement to 

storybooks. These exercises are used to increase students' self-efficacy and self-

esteem. Both of these aspects are related to students' beliefs in their abilities and 

respect for themselves. Self-efficacy and self-esteem negatively correlated with math 

anxiety [34]. Thus through lots of fun exercises through storybooks, self-efficacy and 

self-esteem towards mathematics will increase, and students' math anxiety can 

decrease. 

Storybooks are equipped with augmented reality assistance. As stated by previous 

researchers, AR is able to attract the attention and involvement of students through the 

3D visualization displayed [21]. Learning with augmented reality offers flexible 

learning facilitation [35] and the creation of authentic learning [36]. Books that are 

augmented reality feature will be more dynamic and interactive [37]. 

The advantage of the augmented reality feature is its ability to help students 

understand mathematical concepts through form manipulation, understanding (from 

abstract to concrete) and providing contextual learning [23]. Augmented reality also 

helps students' spatial abilities [24], [38] which can ultimately reduce student anxiety 

[39]. 
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4 Conclusion 

Based on the results of the research and discussion presented, it can be concluded 

that the use of media in the form of storybooks assisted by augmented reality can have 

a positive and significant influence on the anxiety of fourth-grade students in mathe-

matics learning. This is indicated by the results of hypothesis testing with paired t-test 

and t-test techniques. The results of the paired t-test show that the value of sig. <0.05, 

which means that the accepted hypothesis is that there are differences in students' 

anxiety on mathematics learning between before being given treatment and after. The 

results of the independent t-test indicate that the value of sig. <0.05, which means that 

the accepted hypothesis is that there is a difference between the treated group (exper-

imental group) using the AR-assisted Storybook and the untreated group (control 

group) using the AR-Assisted storybook. 
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Abstract—This is a learning media with the scope of ADHD (Attention 

Deficit Hyperactivity Disorder) for children of age 7 – 8 years. The study aims 

is to education learning media for children with ADHD with existing games. 

The Dick and Carey instructional model that has been used is a model of devel-

opment engaging steps of procedural approaches. The achieved results are go-

ing to be used to design a teaching and learning media through the Bible Warri-

or Adventure Games. This research brings out teaching material products that 

can be accessed by Android application. By using this learning media, the Sun-

day School Children with ADHD will be able to learn Christian education easi-

ly through Android. The results of the field trial found the fact that after testing 

the use of instructional media was able to facilitate and increase the knowledge 

and competence of children with special needs ADHD and can create effective 

learning, and motivate students in learning. 

Keywords—Learning media, ADHD, Christian Education 

1 Introduction 

Children who are categorized as special needs include various kinds of children 

who experience physical disorders. One of them is Attention Deficit Hyperactivity 

Disorder (ADHD) [1][2][3]. Then, children with this category experience attention 

disorders in such a way that they cannot function with concentration in learning. 

ADHD is a medical condition that includes brain dysfunction, where individuals have 

difficulty controlling impulses, inhibiting behavior, and not supporting their attention. 

If this happens to a child, the child experiences various learning difficulties, behaviors 

and difficulties related to social relations. There are approximately 3-5% of school-

aged children suffering from ADHD. Estimates of worldwide prevalence are 5% and 

7.2% [4] . ADHD is increasingly known as a long-term disorder in many countries 

[5], although far fewer studies have focused on adult ADHD. Data shows that global 

consumption of the most prescribed psychostimulant medications for ADHD is also 

developing [6]. 
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ADHD is one of the most common psychiatric disorders, which affects around 8% 

or 9% of schools. Children and 4.4-5.2% of adults in the US.2-5 Worldwide preva-

lence of ADHD has been reported to be 5.3% .6 The impact of ADHD on the health 

care system and community is also surprising, costing tens of billions of dollars each 

year other than personal and family expenses [7]. 

The growth of early childhood education (PAUD) in Indonesia is quite encourag-

ing. Based on data from the Sapulidi Research Center (SRC) as of January 2016 the 

number of PAUD institutions throughout Indonesia reached 190,238 institutions. 

Consisting of: Kindergarten (TK) 80,140 institutions, Play Group (KB) 78,056 institu-

tions, Child Care Center (TPA) 3,473 institutions, and the PAUD Similar Unit (SPS) 

28,569 institutions, including Sunday Schools. The number of Sunday schools for the 

Indonesian Christian Church in West Java is 29,347 children (West Java Regional 

Synod: 21781 Central Java Regional Synod: 7566 children). There are approximately 

0.2% of children aged 6-8 years who suffer from moderate ADHD, 0.4% of children 

aged 6-8 years who are likely to suffer from ADHD (Initial study results: at 204 peo-

ple, with informed consent: 75 people, Possible ADHD: 31 children, ADHD Moder-

ate 17 children). Based on the results of preliminary research through surveys, obser-

vations, and interviews at Sunday school for the Indonesian Christian Church in Ja-

karta, it is found that the learning process for children with special needs is still tradi-

tional or conventional in nature, learning that has not been supported by learning 

media and learning resources, only relies on the teacher as a source of learning. 

Learning activities should be able to optimize all potential students to improve the 

expected cognitive abilities. 

2 Literature Review 

Attention deficit / hyperactivity disorder (ADHD) is a common neuro developmen-

tal condition marked by developmentally inappropriate levels of attention, and / or 

impulsivity and hyperactivity that is significantly impaired functioning across multi-

ple domains and places of risk for a variety of adverse outcomes [8] . ADHD, the 

acronym for attention deficit hyperactivity disorder, is a neuro developmental prob-

lem that can result in discrimination, forgetfulness, impulsivity, and in some cases 

excessive, restless physical movement, from fidgeting to pacing [9] . The diagnosis of 

ADHD arises from diagnostic categories related to "hyperactivity" and "minimal brain 

dysfunction." The most recent of ADHD is the diagnostic category of "attention defi-

cit disorder (ADD: with or without hyperactivity)" from American Psychiatric 1980 

Asosia [7] (APA) Diagnostic and Statistical Disorders Manual (DSM-III) [10], which 

describes the disorder characterized by hyperactivity, impulsivity, and lack of atten-

tion (see chapter 2 for details.) The 1987 revision of this manual (DSM-III-R) have 

changed the name of the condition of "Attention Deficit / Hyperactivity Disorder" or 

"ADHD". This term has been used in subsequent revisions and has become a popular 

designation. Attention deficit / hyperactivity disorder (ADHD) is a frequent occur-

rence, brain-based, neuro developmental disorder with substantial negative conse-

quences for individual and public health. Once viewed as childhood condition, it is 
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now recognized that a majority of cases persist throughout adolescence and adult-

hood. This means that Attention Deficit / Hyperactivity Disorder (ADHD) are a 

common, brain-based neurodevelopment disorder with large negative consequences 

for individual and public health [11]. After being seen as a childhood condition, it is 

now recognized that the majority of cases persist throughout adolescence and adults. 

Web-based learning media provides learning materials for students to learn inde-

pendently. The use of learning media can guide participants in independent. Game-

based learning media is designed to enjoy learning [12] along with intervening con-

tent into games, and allowing students to play to gain knowledge through playing 

games, can help them create knowledge at the level of retention and understanding, 

and help motivate students to learn, and interact in the learning process, until they can 

learn on their own. Digital game-based learning media can increase learning interest 

and produce cognitive effects to help students learn. Game-based learning improves 

the learning process and its performance [13]. New media technology introduces 

changes in new learning methods and becomes the basis for designing a quality edu-

cation process. The use of media allows interaction without constraints of space and 

time. Interaction offers learning that is not limited to classrooms. That learning 

through new media offers many things, efficiency, cost effectiveness, practicality, 

standardization, and different learning performance. An important aspect of learning 

through new media is the development of individuality in learning [14] [15]. Charac-

ter education for early childhood in Korea is designed to compensate for the excessive 

focus on the academic field. There are six values developed, namely caring, respect, 

cooperation, willingness to share, orderly and devoted. These values are educated 

through reading, discussion, role playing, cooking demonstration, collaborative play, 

activity experiences, writing poems and inviting community leaders to give advice. 

3 Methodology / Materials 

This study uses a mix method with research and development methods (Research 

and Development). The products developed in this study were bible learning media 

through the Android War Warriors Adventures media game. As explained above, this 

study uses mix methods approach with three main methods, namely descriptive, de-

velopment and experimental methods. Descriptive method is used to collect the initial 

data in the analysis of objective needs and conditions, namely to collect data about the 

condition of the products that have been compared for products to be developed, the 

condition of the users, students, teachers and schools, as well as inhibiting factors and 

supporting product development. Development methods are used in conducting expert 

experts in the development of a product. Before the product is used, the learning me-

dia design will be validated by experts to obtain a design that is truly valid and relia-

ble. Meanwhile, in this study the experiment was used to determine the effectiveness 

of small-scale tests to ensure the functioning of instructional media developed. 
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4 Results and Findings 

Based on the problems found at the needs analysis stage, to overcome this problem, 

design and development of instructional media is needed in order to improve the qual-

ity of achieving the objectives to be achieved, both process objectives and objectives.  

Field trials were conducted with 19 Sunday class students in West Java represent-

ing the actual target population. The purpose of this evaluation is not just to get in-

formation from respondents about the assessment or responses about the quality and 

shortcomings of learning products developed, but also to find out the effectiveness of 

the product when used in conditions similar to actual field conditions. The product 

results from this revision are called final products. 

The field trial is to carry out tests to see the results of the learning process by con-

ducting initial tests and final tests. Likewise, the response of students are learn to use 

learning media to follow developing learning according to the learning media that has 

been done starting from the initial step. 

The comparison of the results of the pretest and post test results of this field trial 

can be seen in table 1 

Table 1.  Pre Test Results and Post Test of Field Trials 

No. Respondent Pretest score Letter Posttest score Letter 

1 Respondent 01 80,12 A 91,30 A 

2 Respondent 02 74,20 B 82,30 A 

3 Respondent 04 60,45 C 78,20 B 

4 Respondent 04 59,46 D 71,12 B 

5 Respondent 05 66,73 C 79,20 B 

6 Respondent 06 63,65 C 76,68 B 

7 Respondent 07 72,78 B 80,15 A 

8 Respondent 08 78,30 B 85,67 A 

9 Respondent 09 68,40 C 77,35 B 

10 Respondent 10 67,40 C 77,50 B 

11 Respondent 11 69,23 C 79,99 B 

12 Respondent 12 78,54 B 81,25 A 

13 Respondent 13 77,67 B 80,97 A 

14 Respondent 14 70.35 B 79,99 B 

15 Respondent 15 73,78 B 81,13 A 

16 Respondent 16 67,50 C 78,99 A 

17 Respondent 17 68,78 C 79,80 B 

18 Respondent 18 78,50 B 81,22 A 

19 Respondent 19 75,89 B 80,10 A 
 Average Score 67,01 B 80,04 A 

Based on table 1, the presentation of the results of the field trial pre-test can be seen in Figure 1 below. 
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Fig. 1. Pre Test Results Field Test 

Based on figure 1 above, the results of field trials on 19 students showed that stu-

dents who scored 80-100 (A) as much as 5.26%, students who scored 70 -79.99 (B) 

were 47.37%, students who gained 60-69.99 (C) were 42.11% while those of 50-

59.99 (D) were 5.26%. It can be concluded that almost 50% of students get a C value, 

this indicates an incomplete understanding of the material. 

Based on table 1 above, the presentation of the results of the post-test field trials 

can be seen in Figure 2 below. 

 

Fig. 2. Post Test Results of Field Test 

Based on table 1 above, the results of the field trial test on 19 students showed that 

students who scored 80-100 (A) were 52.63%, students who obtained 70 - 79.99 (B) 

were 47.37% , students who get 60-69.99 (C) as much as 0%, and students who get 

<59.99 (D) as much as 0%, it can be concluded that all 100% students get the values 

A and B show the completeness understanding of material. 

Based on the results of the pre-test and post-test in the field trials showed an in-

crease in post test results, so it can be concluded that learning with learning media can 

improve students' knowledge and skills and the feasibility of learning media to be 

used in children with special needs in West Java. Research supported by researchers 

Sousa and Rocha [16] Digital learning can be a driver for skills development [16]. 
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Also supported by researchers Hawlitschek and Joeckel [17] Digital media can moti-

vate students to improve skills [17], and Participants improve their performance and 

satisfaction with performance in digital media [18]. Students increasingly need to 

study content and perspectives that are not given as part of the curriculum, students 

need to build additional forms of support for learning with digital media [19]. Digital 

media learners who manage to deal with disruptions in the form of social-cognitive 

conflict resolution and productive friction are needed for learning and knowledge 

construction [20]. 

Media increases efficiency in the use of study time, especially short breaks during 

workdays, new strategies for reading subject matter and costs [21]. The learning expe-

riences of the previous participants and how they play a role in their responses to the 

e-learning experience [22]. Objects using text, images, audio, and video elements 

make stories more interesting [23], and effective learning, can improve students' in-

terest, achievement, and confidence in learning [24] Hypermedia to find the content 

set that is most suitable for each student profile and we prove its effectiveness in some 

real cases [25]. 

5 Conclusion 

Based on the results of the research and discussion on the development of game-

based learning media for children with special needs ADHD, the following conclu-

sions can be drawn: 

a. Conceptually the development of game-based learning media has been carried out 

through needs analysis that takes into account methodological aspects in its devel-

opment. Next is the design by developing learning materials in the design. Then, 

the results of the prototypes were validated by material experts, learning design ex-

perts, and learning media experts. Next, it is tested with prospective users through 

field testing so that the final product was produced from the development of game-

based learning media. 

b. Procedure in developing learning media based on this game uses Hannafin and 

Peck's learning development model, while conducting research using modified 

Borg and Gall procedures and evaluating procedural Dick and Carey. 

c. The product results from this development are game-based learning media for 

children with special needs ADHD. 

d. The results of the validation carried out by the expert team concluded that the 

product development had been carried out correctly following the methods, proce-

dures, principles, and developments that were guided, starting from needs analysis, 

planning, design, evaluation, and testing. The expert team recommends that the 

learning media developed is very feasible to use. 

e. The results of the field trial found the fact that after testing the use of instructional 

media was able to facilitate and increase the knowledge and competence of chil-

dren with special needs ADHD and can create effective learning, and motivate stu-

dents in learning. 
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Abstract—This paper evaluates the readiness of Malaysian academic uni-

versity libraries towards Library 4.0. The rise of this new intervention of Web 

4.0 and Library 4.0 are being deliberated among librarians for future services. 

Information technology facilities have been identified and analysed which may 

comprehend the use of libraries for the next generation. This will also help to 

move the library forward and improve the overall performance of university li-

braries respectively. The methodology used for this study is qualitative. This 

qualitative study was piloted among librarians working in the selected academic 

university libraries. This study gives an outline of the readiness among the se-

lected academic university libraries towards Library 4.0 

Keywords—Library 4.0 Academic Libraries 

1 Introduction 

Over the past ten years, Library and Information Science (LIS) has been discussed 

on Library 3.0. Due to the advancement of the new technology all around the world, 

librarians and researchers are among those who have been impacted generally. The 

changes that take effect are in a large amount while the time for any implementation 

to take place is very short. Thus, they must think of the resolution in developing the 

libraries according to the new requirement needed. Libraries are the same as those 

living creatures. They change is based on the development of the technological envi-

ronment and depends on the use of web services specifically. Since the pressure from 

the outside sources is perennial, libraries will have to evolve as well. Rohrbeck et al. 

[1] stated that human being and technology will unite and at the same time, it passed 

by very quickly. 

In Web 1.0, television is an example of passive entertainment. Blogs and podcast 

are other examples of Web 2.0 which signify the content stage [2]. As for Web 3.0, 

people are most likely to go into the virtual medium like social media. Web 4.0, 

where the future will be is when users are connected via online using the technologi-

cal devices [3]. According to Kirschner and Muller [2], especially the young people; 
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they are already connected to one another as in talking to their close ones. There is not 

much of a difference as compared to previous generation. 

Callari [4] mentioned that in Web 3.0, Artificial Intelligence screens the data re-

ceived and then analyses it. Meanwhile, for Web 4.0, people and the new technology 

will merge. The three conditions set by Godin [5] in Web 4.0 are ubiquity, identity 

and the connection. For Web 4.0, ubiquity can be defined as the line either in offline 

or in an online based anywhere and anytime possible. For identity, the set protocols 

will know the users, what they do and things they require at that time. Lastly, the 

connection is network of users. Again, assumed by Godin [5] when Web 4.0 takes in 

place, all that irrelevant information will be removed unlike the past where users re-

ceived a lot of information when they do the searching of information on their own. 

For instance, any customers that passed by a store, will be recognized and later an ad 

will be sent personally to them. The existence of those web will influence the chang-

ing of Library 4.0 in this context and display new criteria which carry the uniqueness 

of the libraries. Library 3.0 has interrelated concepts of social semantic library, linked 

library and mobile library [6]. Thus, it is recommended for us to start discussing on 

criteria for Library 4.0 for the implementation in the libraries. The discussion has 

slowly been introduced and recognized by the librarians to embrace the new concept 

so that they remain relevant in the field. As a matter of fact, libraries should start to 

predict the future direction by now so that librarians can demonstrate their role in 

leading towards Library 4.0. Even though the discussion for Web 4.0 has been made, 

it is hard to allocate study that determines the actual criteria of Web 4.0. The re-

searchers are progressively introducing the elements needed for the transformation 

towards Library 4.0. It is very important to kick off as well as to focus on the right 

way and its approaches. 

Along with the achievement, the librarians will help to expand concepts for Web 

4.0. Today, most of us can easily connect to any devices in order to get the access. 

Unlike many years ago where not many people can get the same benefit for whatever 

they have right now. Technology keeps changing and the new trends continues com-

ing in drastically. It is growing fast and keeps changing how we live, work and com-

municate to one and another. It is important for librarians to stay abreast in the current 

market due to these fast-moving trends. Digital and Smart Library are part of the 

global changes for Library 4.0. The technology itself is using a remote control to take 

care of the library. With all the services and facilities equipped, the opening hours of 

the library can be extended, and more users can come and use the library at their con-

venient time. This paper describes the criteria of Library 4.0 and evaluates the readi-

ness among selected university libraries. The respondents were the librarians while 

data were collected using the qualitative method. The technology drives peoples to 

access the gadget almost in every facet. Due to the changing demand, the library is 

progressively actively. As such, this study tends to propose a framework model of 

criteria for Library 4.0 by evaluating the readiness in university libraries. The frame-

work model is developed to fit every university library in Malaysia. 
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2 Literature Review 

The thought of having a direction for future libraries through the new development 

has already been discussed. With the rapid changes due to the advancement of the 

technology on new concepts and how huge the influences into human being, the re-

searcher began to think on the duration the libraries will stay and how it will be creat-

ed at that time. This paper evaluates the readiness of Malaysia selected academic 

universities libraries towards Library 4.0. Since the available resources on Library 4.0 

are few, the focus is made to follow the criteria of Web 4.0 and next to apply for cur-

rent libraries. The previous studies mentioned on identifying and analyzing the criteria 

of digital libraries starting from the first generation towards present libraries. The 

suggestion is for future generation to use the services in the libraries. Greenstein and 

Thorin [7] shared their experiences from the research libraries in USA and also the 

risk in developing the future libraries considering its cultural, legal and monetary 

support which will take effect on the history process and the direction to move for-

ward in the long run.  

On the other hand, Mukaiyama [8] argued that in the 21st century and with the in-

fluences from the technology, digital libraries will be developed for the next genera-

tion. According to Mukaiyama [8], there are three technologies applied in libraries 

such as architecture system, individual and integration. The criteria of current digital 

libraries as described by Kroski [9] are the mobile libraries, social and open. In gen-

eral, all technologies listed match the direction for Web 4.0 elements. In contrast, 

Breeding [10] claimed the plan is indispensable for creating the future libraries so as 

to make use of the technologies soonest possible and to evade from being superseded. 

Until now, he added that the differences are the format for the libraries. Even though 

the present RFID system operates automatically, simple for the physical material can 

reduce its worth. Nevertheless, he cannot decide which technology is significant for 

the future libraries. Piper [11] mentioned a model that gives the guidelines in creating 

a massive library will be created within 15 years from now. It involves to include 

searching online, books to be written in all languages and scope and lastly, to assist 

user in searching the books using user-based system. The history on previous support 

between organization till now is impossible to be realized. McGettigan [12] estab-

lished some initiatives, such as information services, virtual reference services, media 

and one whole service hour. Ideas generated are based on services rendered to com-

munity like free network and free technology resources with local people. 

As stated by Sackey et al., [13] and Sharif et al., [14], this support facilitating the 

library system with its key role in helping to develop the creative content, collaborate 

resources, communicate machine to machine and machine to men. Globally, there are 

huge opportunities for the libraries to step forward based on the current demand from 

the users. It is an important role towards the technologies that are involved in their 

development and implementation [13]. Technology advancements will bring reduc-

tion in time, cost optimization, machine visualization and operations, design of exper-

iments, layout markings and value addition in supply chain logistics, ergonomic anal-

ysis and man-machine interactions, and in robotics systems optimization [15] [26], 

[27], [36]–[45], [28], [46]–[48], [29]–[35]. Library 4.0 should work and recognize 
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those potentials in transforming the libraries with the latest knowledge and insights 

for becoming part of the transformation. The stress is on the future technology, such 

as in information, communication and automation, robotics and artificial intelligence 

(AI), is crucial so as to meet user expectations, before becoming obsolete. 

2.1 Cloud Computing  

Cloud computing is the use of internet for computing needs. It is freely accessible. 

It is used to establish and circulate the information to users [16]. 

2.2 Geotagging 

Geotagging provides the location, coordinate and distance of library materials to 

users. It offers the users to locate the information that they require. 

2.3 Artificial Intelligence (AI) 

It is creating machine that can engage on human behaviours that human considers 

intelligent. AI involves expert system, fuzzy logic, artificial neural network, evolu-

tionary algorithms, case base reasoning, image processing, natural language pro-

cessing, speech recognition and robotic. 

Chauhan [17] claimed that one day library will become intelligent library. It can 

analyse the information on its own and decide the solutions with the users around. 

2.4 Big Data 

Big data store and analyse large or compound information [18]. The future libraries 

carry massive data and services.  

Big data is a large data set which is impossible to collect, store, manage, or even 

analysed by ordinary database due to its limitation [19].  

Good thing about big data is that it saves the cost while improving the decision 

making [20].  

2.5 Augmented Reality (AR) 

Augmented Reality is installed in mobile which users can practise into the actual 

world [21]. Dunston [22] expressed new technology can be in 3D where unlimited 

data share, use anytime they want. This new technology is categorized for the purpose 

of finding a location. Users will be looking at the directions created by others using 

image recognition [23]. The system should be able to trace the information and the 

location of the books using the catalogue and guidance from the technology proposed. 

It is more convenient and needful to users in finding the right materials they want. 
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2.6 Cutting-Edge Displays 

These are successful implementations of technological advancements and their use 

in library environments particularly those that libraries develop themselves. Library 

displays a wonderful collection of art. 

2.7 Infinite Creative Spaces 

The collaboration between infinite creative spaces and library services is a revolu-

tion that will attract users to come. It allows the users to view the libraries in a differ-

ent perspective and create the chance to venture and think of a way to move ahead. 

The idea is to build a space using the technology. Creative people with creative space 

can leads to creative innovation and solutions. The intention is to get the users togeth-

er to create something with the technology provided in the libraries. As expressed by 

Camoprodon et al.[24], important things to consider for infinite creative spaces are 

coworking, makerspaces and community. Similarly, Noh [25] added 12 concepts for 

the infinite creative space. It will be used by many users for any programs and activi-

ties. 

2.8 Open Source 

The term "open source" refers to something people can modify and share because 

its design is publicly accessible. A software development is to designate a specific 

approach to creating computer programs. Open source systems for libraries have im-

proved significantly to gain the confidence of librarians 

3 Research Methodology 

Methodology is one of the rationale methods used and not from philosophical as-

sumptions in a research. The method used in this study is qualitative. This is due to 

qualitative methodology helps to collect in-depth data from the respondents through 

face-to-face interviews questions and open-ended questionnaires. Purposive sampling 

was used in selecting five academic university libraries 

4 Findings 

4.1 Library 4.0 compliance 

Table 1 shows the results regarding the compliance of the five selected academic 

university libraries towards Library 4.0 elements.  
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Table 1.  Compliance of the five selected academic university libraries towards Library 4.0 

No. Library 4.0 elements 
Academic 

Library 1 

Academic 

Library 2 

Academic 

Library 3 

Academic 

Library 4 

Academic 

Library 5 

1 Cloud Computing √ √ √ √ √ 

2 Geotagging      

3 Artificial Intelligence      

4 Big Data √ √ √ √ √ 

5 Augmented Reality (AR)      

6 Cutting-Edge Displays √ √ √ √ √ 

7 Infinite Creative Spaces √ √ √ √ √ 

8 Open Source √ √ √ √ √ 

5 Discussion and Conclusion 

The findings of this study show the five selected academic universities libraries are 

in the midst of fulfilling the criteria for Library 4.0. Among the practices are Cloud 

computing, Big Data, Cutting-Edge Displays, Infinite Creative Spaces and Open 

Source. This study can be useful to motivate other academic university libraries to-

wards Library 4.0 practices. It is clear from this study that the initiatives must be 

clearly communicated in the organization so that all librarians are aware on its im-

portance and usefulness. It is hoped that this paper gives an understanding about the 

issue which can help to bridge the gap. 
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