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Abstract

MULTI-CRITERIA DECISION APPROACH FOR EVALUATION FACTORS
AFFECTING MOBILE LEARNING APPLICATION ADOPTION
Fulbert Milrich KIMINOU NSIMBA
MA/PhD, Department of Computer Information Systems
Thesis Supervisor: Assoc. Prof. Dr. SEREN BASARAN
June, 2024, (81) pages

There is currently an abundance of mobile learning apps.
However, little is known about what factors influence mobile learning
apps adoption and their importance. This study first aims to identify
critical factors that play an influential role in adopting mobile learning
apps. For this purpose, a systematic literature review was performed
from SWOT studies to identify those criteria. The four criteria of each
dimension were selected, and then the fuzzy AHP method was applied
to rank the criteria globally and locally. Therefore, this study
investigates factors affecting mobile learning application adoption.
Based on the area of study and the number of participants involved.
This research investigated certain aspects affecting the adoption of
mobile learning applications using a quantitative approach to collect the
data among 25 students who received the email questionnaire survey.
The main factors to investigate the adoption of mobile learning were
divided into four categories: Strengths of mobile learning, Weaknesses
of mobile learning, Opportunities of mobile learning, and Threats of
mobile learning. The results indicated that the strengths of mobile
learning (w= 0.36) and opportunities of mobile learning (w=0.26) have
more impact on adopting mobile learning applications than the
weaknesses (w=0.24) and threats of mobile learning (w=0.17). In
addition, based on the rankings, mobile learning can be considered the
most reliable and safest tool for improving the development and
implementation of mobile learning applications through a
comprehensive list of the prioritized factors that impact their adoption.
No studies in the literature have investigated strengths, weaknesses,
opportunities, or threats in adopting mobile learning applications and
applied multicriteria decision-making in the design phase, making this
study unique. Researchers should keep looking into mobile learning
apps in the future to see how they affect long-term adoption in various
educational settings.

Key Words: adoption factors, fuzzy AHP, mobile learning applications,
multi-criteria decision-making, TOPSIS
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MOBIL OGRENME UYGULAMASINI ETKILEYEN FAKTORLERIN
DEGERLENDIRILMESINDE COK KRiTERLi KARAR YAKLASIMI
Fulbert Milrich KIMINOU NSIMBA

Yiiksek Lisans/Doktora, Bilgisayar Bilisim Sistemleri Boliimii
Tez Damismani: Dog. Prof. Dr. SEREN BASARAN
Haziran, 2024, (81) sayfa

Su anda ¢ok sayida mobil 6grenme uygulamasi var. Ancak
mobil Ogrenme uygulamalarinin benimsenmesini hangi faktorlerin
etkiledigi ve bunlarin 6nemi hakkinda ¢ok az sey biliniyor. Bu ¢alisma
oncelikle mobil 6grenme uygulamalarinin benimsenmesinde etkili rol
oynayan kritik faktorleri belirlemeyi amaglamaktadir. Bu amacla bu
kriterleri belirlemek icin SWOT ¢alismalarindan sistematik bir literatiir
taramasi yapilmistir. Her bir boyuta ait dort kriter se¢ilmis ve daha
sonra kriterlerin kiiresel ve yerel olarak siralanmasi i¢in bulanik AHP
yontemi uygulanmistir. Bu nedenle bu c¢alismada mobil &grenme
uygulamasinin benimsenmesini etkileyen faktorler arastirilmaktadir.
Caligma alanina ve katilan katilimc1 sayisina gore. Bu arastirma, e-
posta anket anketini alan 25 Ggrenci arasinda veri toplamak icin
niceliksel bir yaklasim kullanarak mobil 6grenme uygulamalarinin
benimsenmesini etkileyen belirli yonleri arastirdi. Mobil 6grenmenin
benimsenmesini arastiran ana faktorler dort kategoriye ayrildi: Mobil
ogrenmenin giicli yonleri, Mobil 6grenmenin zayif yonleri, Mobil
ogrenmenin firsatlar1 ve Mobil 6grenmenin Tehditleri. Sonuglar, mobil
o0grenmenin giiclii yonlerinin (w=0,36) ve mobil 6grenme firsatlarinin
(w=0,26), mobil 6grenme uygulamalarmin benimsenmesinde mobil
ogrenmenin zayif yonlerine (w=0,24) ve tehditlerine (w=0,17) gore
daha fazla etkiye sahip oldugunu gostermistir. . Buna ek olarak,
siralamalara gére mobil 6grenme, mobil 6grenme uygulamalarinin
benimsenmesini etkileyen Oncelikli faktorlerin kapsamli bir listesi
araciliftyla, mobil Ogrenme uygulamalarinin gelistirilmesini  ve
uygulanmasini iyilestirmek i¢in en giivenilir ve en emniyetli ara¢ olarak
kabul edilebilir. Literatiirde mobil 6grenme uygulamalarinin
benimsenmesinde ve tasarim asamasinda uygulanan c¢ok kriterli karar
vermede giiclii yonleri, zayif yonleri, firsatlar1 veya tehditleri arastiran
hicbir caligma bu calismay1 benzersiz kilmaktadir. Arastirmacilar,
cesitli egitim ortamlarinda uzun vadeli benimsenmeyi nasil
etkilediklerini gérmek i¢in gelecekte mobil 6grenme uygulamalarina
bakmaya devam etmelidir.
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Anahtar Kelimeler: benimsenme faktorleri, bulamk AHP, mobil
ogrenme uygulamalari, ¢ok kriterli karar verme, TOPSIS
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CHAPTER 1
INTRODUCTION

This chapter provides a comprehensive overview of mobile learning

applications' importance in the digital era. It also discusses the factors influencing

their adoption using the Fuzzy AHP method, particularly focusing on a SWOT

analysis framework. This section explains the aim of the research, study goals,

importance, and constraints.

1.1 Introduction

Mobile learning, in which people use their phones to learn at any time and
place, has become an important digital education tool. (Saienko, 2020). According
to (Adzifome & Nixon Saba, 2023) the use of mobile learning apps in schools is
affected by many things, such as technical, pedagogical, organizational, and
personal factors. A multi-criteria decision-making method is beneficial for
figuring out this complicated world and making smart choices about using mobile
learning apps. Mobile learning is also a dynamic way of teaching that is made
possible by the growing popularity of mobile devices. It is a big change from
traditional ways of teaching because it lets students do educational activities
whenever and wherever they want (Mohiuddin & Khalid, 2021) . Rapid
technological changes have fueled this change by making it possible to make
mobile learning apps that give students personalized, easy-to-access, and
engaging learning experiences (Swanson, 2020) . In this era of mobile
technologies, mobile learning tools such as apps are pervasively available. Higher
education institution educators and students use mobile learning apps frequently.
Thus, 42matters provides statistics on learning applications in Google Play and
IOS. The educational content provided by Google Play is 364,127 free
applications and 12,566 paid applications. On the other hand, IOS provides
educational content of 165,114 free applications and 17,523 paid applications.
There are many studies that look into how people use mobile learning apps, but
not many look at how people adopt these apps, especially from a SWOT analysis
(Saienko, 2020). Students who use mobile learning apps make their decisions by

looking at the reasons. Adzifome and Nixon Saba (2023) say that a critical part of



this change is the common use of mobile learning apps, which make learning
more flexible, accessible, and personalized. However, many things affect how
well these apps are used, such as their strengths, weaknesses, opportunities, and
threats (SWOT). Understanding and judging these factors are crucial for making
wise choices and using effective tactics (Klimova, 2019).

Experts have used multi-criteria decision approaches to find and evaluate
the most important factors when looking at what makes people use mobile
learning apps. For instance, (Tripathi & Ashutosh Kumar, 2022) AHP was used to
identify the elements that impact using mobile learning devices in higher
universities, focusing on the importance of utility, connectivity, and perceived
value. (Li & Yanjiao, 2020) It also looks at the most important reasons mobile
learning is used in business training. They said having good information, keeping
students interested, and offering good professional help was very important. It
also involves a considerable amount of empirical work that tends not only to
establish which aspects influence the usage of mobile learning apps but also how
they interact with each other to investigate why students use such apps. Such
individuals may carry out a multiple-criteria decision-making process to scrutinize
these facets and place them in a descending order based on priority. This could
help speed up adoption and mobilize learning apps to be a better fit. Furthermore,
the research method that has been used in this study is one of the most efficient
and significant tools put forward by. (Lotfi & Farhad, 2020). In order to enhance
this work, the materials that I introduced in this paper were analyzed and
examined by using the analysis and Fuzzy AHP methods. It is also possible to
utilize fuzzy and machine learning to review and process the received data that
was collected. (Li & Yanjiao, 2020).

The fuzzy Analytic Hierarchy Process (Fuzzy AHP) is based on the standard
Analytic Hierarchy Process (AHP), Which was first introduced by (Lotfi &
Farhad, 2020). In Fuzzy AHP, words like “ Slightly more important,” moderately

(13

more important, “ and strongly more important” are used to describe how
important factors and choices are in comparison to each other (Li & Yanjiao,
2020). This kind of fuzzy thinking helps people make better choices when they do
not know everything or have only unclear knowledge. With the Fuzzy AHP
method, people who make decisions can use their own tastes and judgments,
which are not always right. Because of this, it works great when there is a lot of

confusion and doubt. Engineers, managers, and people who study the environment



have used this method to help people decide what to do when they do not know
what to do (Tripathi & Ashutosh Kumar, 2022).

This study mainly uses a systematic review of SWOT-related studies on
mobile learning apps. Second, the set of factors that were extracted was used as
conditions for entry. After that, a limit was set to keep the standards given in the
sources. For each SWOT dimension, four factors from the sources met the limit.
Finally, these factors were ranked generally and within each dimension using the
FAHP method to find the factors that had the most and least impact on the use of

mobile learning apps.

1.2 Statement of the Problem

Mobile learning apps are becoming increasingly popular in higher education, making
it more important to understand what makes students use them. There are a lot of
studies on how to use mobile learning apps and how well they work, but not many
look at the unique factors that make students want to use them. The problem is
identifying those factors from literature review studies related to SWOT and using
those factors as criteria for evaluating multiple DMs that use mobile learning apps to
obtain a global and interdimensional ranking of the factors concerning their

importance level.

1.3 Purpose of the Study

This study examines various factors influencing the number of people using mobile
learning applications. Applies the multi-criteria decision-making (MCDM) method to
attempt to identify these factors and rank them by their significance levels. The main
purpose of this study is to establish comprehensive details regarding the intricate
processes individuals undertake to embrace mobile learning apps. This research will
increase our understanding of the strategies and plans that higher education
institutions can use to inform the best choices and incorporate mobile learning

technology into their lesson delivery.

1.4 Significance of the study

No studies in the literature have investigated strengths, weaknesses,
opportunities, or threats in adopting mobile learning applications and applied
multicriteria decision-making in the design phase; this is what makes this study

unique in its kind.



1.5 Limitations

Data collection:

The limitation of this research is related to the data-collecting
procedure among undergraduate students at the Faculty of
Economics and Administrative Sciences at Near East University.
Among the group of 25 students who were sent the survey via email,
only 14 provided correct responses. In contrast, the remaining two
did not provide satisfactory answers, and the others just copied and
pasted other students’ surveys and then changed their names. Due to
these limitations, we were obliged to resend it to the 11 students to
fill out correctly and send it back to us with corrections.

Time frame of studies:

The SWOT analysis for mobile learning apps only considered
articles from 2019 to 2023. This limited time frame may have led to
a narrow perspective, possibly overlooking valuable insights from
earlier studies. Addressing these issues is important to ensure
accurate and comprehensive results and to guide future research in
the rapidly evolving field of mobile learning apps.

Decision Makers and Objectivity:

The fact that decision-makers participated in the study may have
made the review process more subjective. However, it is very
important to ensure that decision-makers (DMs) are reasonable for
the integrity and veracity of the study results.

Methodological Constraints:

While the fuzzy AHP method and SWOT analysis are used
effectively, the reliance on a specific set of methodologies may have
limited the exploration of alternative approaches to evaluating

factors affecting the adoption of mobile learning apps.



CHAPTER 2
LITERATURE REVIEW AND THEORETICAL FRAMEWORK

This chapter provides information about the literature review of previously

published studies; it discusses the benefits and advantages of these apps, emphasizing

the importance of conducting a SWOT analysis to evaluate their effectiveness. The

theoretical framework section outlines the study's goal to enhance the effective use of

mobile learning applications in educational settings. The study will use the FAHP

method and input from higher education students to identify critical factors

influencing the use of mobile learning apps.

2.1 Literature Review

In the past few years, more and more schools have started using mobile
learning apps (apps) to change how students access and interact with educational
material. It is becoming more important to read total reviews of mobile learning
apps as the world of mobile technology changes even faster. What is the SWOT
analysis? This is a type of analysis tool that is commonly used and understood in
business and management. Right now, it’s also being used for mobile lesson plans.
This review of the literature tries to show all the studies that have been carried out
on SWOT analysis for mobile learning apps. It’s mostly about these apps'
strengths, weaknesses, opportunities, and threats (Moya & Sofia, 2023). Mobile
learning apps have been looked into a great deal because they can make a big
difference in how we learn. Interestingly, several scholars have identified several
advantages of employing the mobile learning apps in the higher universities
(Criollo-C & Santiago, 2021).

Several studies have examined what makes people want to use mobile
learning apps. Some of the most common factors are technological factors like
how easy it is to use, how well it works with other devices, and how well it
functions; individual factors like motivation, how useful something seems, and
self-efficacy. And contextual factors like institutional support, social influence,
and cultural attitudes (Moya & Sofia, 2023). Technological factors like the user

interface's design and the system's dependability are very important in ensuring



that users can easily find their way around and use the apps effectively. How
ready and sure of themselves people are to use new tools for learning depends on
things like their drive and self-efficacy. There are also a lot of outside factors that
affect the adoption process, such as help from schools and the effect of friends
and society (Husnita & Liza, 2023). However, the relative value of these factors
often changes depending on the user group and the learning environment. This
variety shows the importance of a complex approach to understanding and
encouraging people to use mobile learning.

SWOT analysis is a tool for strategic planning that helps you figure out
what factors, inside and outside your organization, might affect the success of a
project or business (Lazaro & Gizeh Rangel de, 2023) . This tool helps you
understand the Strengths and weaknesses of a technology (internal factors) and
the opportunities and threats it faces (external factors) regarding educational
technology. This approach provides an all-round view of all that can influence the
effectiveness and the extent of utilization of education-related instruments, such
as mobile learning applications (Parnrod, 2020). An example of a strength could
be that business Facebook applications are mobile learning apps, thus inherently
adaptive and interactive. In this vein, a weakness might include technologically
related issues such as software glitches and the compatibility of devices.
Opportunities could be improved technology and all people transitioning to digital
learning while threats could be arising from other factors such as data privacy and
the digital divide (Diaz-Sainz & Guillermo, 2021).

Researchers have identified factors that influence mobile learning app user
engagement in various studies that applied SWOT analysis. These apps are fully
flexible and created interactively, allowing individual learning that can also be
considered a strength usually (Kacetl & Jaroslav, 2019) . For this reason, current
mobile learning apps benefit everybody, from elementary and secondary students to
adults who would like to expand their knowledge daily throughout their lives. The
weaknesses, for instance, may be caused by technological limitations, users’
disagreement, and low-quality material use (Kacetl & Jaroslav, 2019) . Technical
problems, like software bugs or connection issues, can make learning harder. User
disagreement may come from not knowing how to use the technology or not believing
that it works. Lifelong learning, flexibility, and working with other teaching tools are

opportunities (Li & Yanjiao, 2020) . Mobile learning has many growth possibilities
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because learning programs can be made bigger and connected to other digital tools
and platforms. Threats include worries about data protection, the digital gap, and how
quickly technology changes, which could make apps useless (Mohiuddin & Khalid,
2021). Because learning apps can collect so much personal information, data privacy
problems are especially troubling. Also, the digital gap still makes it hard for

everyone to access mobile learning.

To determine how useful the factors found are in real life, it is important to
consider the opinions of decision-makers who use mobile learning apps. These
people, like teachers, students, managers, and lawmakers, give us helpful
information about how and what problems mobile learning tools face in the real
world (Parnrod, 2020) . Feedback and experiences can raise real issues that are
unclear from theory studies. For example, they may show that teachers need more
training or that mobile learning needs to be added to current lessons. By
examining what they have to say, we can get a better idea of what helps or hurts
the use of mobile learning apps (Criollo-C & Santiago, 2021). This information
can help people develop ways to improve mobile learning options and increase
their use.

Even though there is a lot of study on mobile learning apps and how they
are used, there are still some gaps. First, there are few comprehensive
investigations that look into the SWOT analysis and the factors that make people
want to use mobile learning apps. A lot of the studies that have already been done
on mobile learning only look at one part of it. They do not fully picture the
strengths, weaknesses, opportunities, and threats. Second, it is not clear how
important these factors are compared to each other, especially when looking at it
from the point of view of multiple decision-makers. Most studies only look at one
group's point of view, like that of students or teachers, instead of including the
points of view of many parties. Lastly, these factors need to be ranked on a global
and inter-dimensional scale so that the creation and use of mobile learning tools
can be better guided (Adzifome & Nixon Saba, 2023). This ranking could make it
easy to decide which mobile learning apps to work on first and how to spend
resources and time on them. This study tries to fill in these gaps to get a full
picture of the factors that affect the use of mobile learning apps and give helpful

advice to people who work with educational technology. This general method can



help develop mobile learning solutions that are more useful, easy to use, and

widely accepted, meeting the needs of educators and students.

2.2 Theoretical Framework

This study's theoretical framework offers an organized foundation for
applying multi-criteria decision-making (MCDM) technique to analyze the factors
affecting mobile learning application adoption through SWOT studies. The
foundation of this framework is a knowledge of the strengths weaknesses
opportunities and threats of mobile learning applications. The framework directs
the entire research process, including the process of extracting criteria by

conducting a systematic literature review.

2.2.1 Systematic Literature Review Steps for Extraction Criteria
Step 1: Identification of Research Topics

The systematic literature review started by identifying the main areas of
interest: Mobile Learning Applications. The review aimed to undertake a SWOT
analysis of educational mobile learning applications.

Step 2: Formulating Research Questions
Based on the aim to undertake a SWOT analysis of educational mobile

learning applications, four primary research questions were formulated:

1. What strengths distinguish mobile learning applications?

2 What weaknesses are associated with mobile learning applications?
3. What opportunities exist for mobile learning applications?

4 What are the threats of mobile learning applications?

Step 3: Designing the Search Strategy
Using the PRISMA approach, a systematic search was conducted across
the Google Scholar database for literature published between 2013 and 2023. The
search keywords included terms related to digital education, educational
Technology, E-learning, learning platforms, mobile learning, and SWOT Analysis.
Step 4: Applying Inclusion and Exclusion Criteria
The selection criteria ensured that only relevant, high-quality studies were
included:
e Inclusion: Articles in English, open access articles, Articles
published between (2019 and 2023), Journal articles relevant to the

research topics and keywords.



e Exclusion: Non-English articles, non-open access articles,

conference procedure.

Step 5: Screening and Selecting Studies
The Google Scholar database gathered 5394 articles, with 4 duplicates
removed by hand, 3080 published before the desired timeline, 1056 omitted due to
unavailability, and 190 omitted due to lack of significant keywords. After a
merged list, 87 studies were selected for inclusion and exclusion criteria.
Independent examination ensured relevance to keywords, research objectives, and
subject matter. Only 17 studies persisted as primary studies for review.
Step 6: Data Extraction
Detailed data extraction from the selected studies focused on:
SWOT Analysis: Strengths (e.g., flexibility, engagement), Weaknesses (e.g.,
technical limitations, connectivity issues), Opportunities (e.g., personalized
learning, continuous learning), and Threats (e.g., security and privacy concerns,
digital divide).
Data Extraction
Table 1.

Data extraction

Data Item Description

Domain type The subject area of the document entails
Strength Tangible benefits that are visible at the moment
Weakness Current shortcomings

Opportunities Future possibilities that are of a positive nature
Threats Future possibilities of negative nature

Sources The references of the documents

Table 1 presents the data extraction of the systematic literature
reviw
Step 7: Criteria for Evaluation
The studies were categorized according to research themes related to the
SWOT analysis of mobile learning applications. These criteria were defined and
used as the basis of the SWOT analysis: They include:

e Strengths of mobile learning



10

Provide flexibility in learning: Mobile learning applications
allow students to access educational resources from anywhere,
at any time (Diaz-Sainz & Guillermo, 2021).

Engage students in learning: Mobile applications provide
interaction, feedback, and motivation for students, leading to
improved learning outcomes and knowledge retention (Lin &
Chuanhong, 2023).

Interactive and helpful in learning: Mobile learning allows
for bidirectional and interactive communication, personalized
learning experiences, and flexibility in learning (Moya &
Camacho, 2021).

Facilitate access across devices: Mobile applications allow
easy access to learning materials, enhancing the learning

experience anytime, anywhere(Klimova, 2019).

e  Weaknesses of mobile learning

Lack of support and training: Educators may require training
to integrate mobile learning applications into their teaching
practices effectively (Saienko, 2020).

Distract student's studies: Mobile devices can be sources of
distractions, potentially leading to reduced focus and
productivity during learning activities (Parnrod, 2020).

Issues related to device hardware: Usability challenges related
to screen size and battery life of mobile devices (Mohiuddin &
Khalid, 2021).

Require stable internet connectivity: Reliance on internet
connectivity for accessing content and resources can be a
limitation, especially in areas with poor network coverage
(Nugroho & Wilujeng, 2023).

Consider economic and policy implications: Financial
constraints and institutional policies may pose barriers to the
adoption of mobile learning applications (Swanson, 2020)
Adress the need for digital skills development: Some students

and educators may lack the necessary digital literacy skills to
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effectively utilize mobile applications for learning purposes,
potentially leading to disparities in access and usage
(Syarifuddin, 2023).

— Content and resources limitations: Limited learning content

and resources in traditional m-learning (Parnrod, 2020).
e Opportunities of mobile learning

— Tailor learning: Mobile learning allows for personalized and
adaptive learning experiences tailored to individual needs and
preferences (Diaz-Sainz & Guillermo, 2021).

— Provide global accessibility: Mobile learning can facilitate
access to educational resources for learners in remote or
underserved areas, contributing to the democratization of
education (Owusu-ansah & Samuel, 2019)

— Facilitate interaction among learners: Mobile applications
can facilitate collaborative learning experiences, enabling
students to interact and engage with peers and educators
(Moya & Camacho, 2021)

— Promote continuous learning: Mobile learning supports
lifelong learning initiatives by enabling individuals to engage
in educational activities beyond traditional classroom settings
(Klimova, 2019)

— Integrate new technologies in learning: Integration of
emerging computing paradigms such as mobile edge, fog, Al
and 5G networks can enhance the performance and efficiency
of mobile learning systems (Saienko, 2020)

— Increase learning engagement and motivation: It provides
opportunities for interactive and engaging learning
experiences through multimedia content and interactive
applications (Mohiuddin & Khalid, 2021)

e Threats of mobile learning
— Security and Privacy Concerns: Mobile learning systems

may face threats related to data security and privacy,



especially when dealing with sensitive learner information
(Mohiuddin & Khalid, 2021).

— Not ensure equitable access to digital resources:
Socioeconomic disparities in access to mobile devices and
internet connectivity can exacerbate educational inequalities,
limiting the reach of mobile learning initiatives (Swanson,
2020).

— Barrier in teaching methods and strategies: Adapting
teaching methods and instructional design for effective
mobile learning experiences may pose challenges for
educators and instructional designers (Saienko, 2020).

— Challenges with implementing and using technology for
education: Mobile devices' screen size, battery life, and input
interfaces can hinder their practical use in educational

settings (Criollo-C, S & Altamirano-Suarez, 2022).

This study, therefore, proposes an engagement framework that will seek to
enhance the utilization of mobile learning applications so that they may be used
continually and optimally in learning environments. In previous research on
systematic literature review, researchers pointed out that the acceptance process is
going to comprise four significant categories, each accompanied by sub-criteria
(Parnrod, 2020). This research shall employ the Fuzzy Analytic Hierarchy Process
(Fuzzy AHP) approach and survey results and findings from higher learning
education professional (Tripathi & Ashutosh Kumar, 2022) . This study used
quantitative research to ascertain the factors affecting the adoption of mobile
learning applications. It wants to give a full picture of these factors. It is essential
to know that the Analytic Hierarchy Process is a technique used in Multiple
Criteria Decision Analysis (MCDA). It involves transforming subjective
evaluations and qualitative data into quantitative data using mathematical methods,
and it uses the fuzzy method to represent uncertain and unspecified information.to
calculate and judge situations more quantitatively (Lotfi & Farhad, 2020).

Figure 1 below represents all the criteria of mobile learning applications

extracted from the systematic literature review regarding the SWOT analysis.

12
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Figure 1

Essential and successful factors for Mobile learning applications Implementation

Table 2

Figure 1 represents the global factors extracted in the systematic literature
review.

After collecting all the criteria from the previous study of systematic
literature review, an evaluation was made for each criterion linked to the research
questionnaire using the Likert scale, from 0 to 3 (0 — not mentioned, 1 — Poorly
presented, 2 — Fairly presented and 3 — Well presented). Criteria represented in
five or more articles received a score of 3 on the Likert scale. those represented in
four or three articles received a score of 2 on the Likert scale. Those represented
in two or more articles received a score of 1 on the Likert scale. No criteria
received a score of 0 since all of them were represented. Criteria that received
scores of 2 or more were included. Those that received a score of 1 or less were
excluded. Tables 1, 2, 3, and 4 represent the Likert scale of the criteria that were

included and excluded regarding the Likert scale and the SWOT analysis.

Likert Scale of Strengths Criteria

Criteria

Articles Scale Presentation




14

Provide flexibility in learning
Engage students in learning

Interactive and helpful in learning

Facilitate access across devices and platforms

B~ W

NN W

Well presented
Fairly presented
Fairly presented

Well Presented

Table 2 above represents the Linkert scale of the sub-criteria of strengths in

the mobile learning application.

Table 3

Likert Scale of Weaknesses Criteria

Criteria Articles Scale Presentation

Lack of support and training 3 2 Fairly presented
Consider economic and policy implications 2 1 Poorly presented
Issues related to device hardware 4 2 Fairly presented
Require stable internet connectivity 3 2 Fairly presented
Distract students studies 3 2 Fairly presented
Address the need for digital skills development 1 1 Poorly presented
Content and resource limitations 2 1 Poorly presented

Table 3 above represents the Linkert scale of the sub-criteria of

weaknesses in the mobile learning application.

Table 4

Likert Scale of Opportunities Criteria

Criteria Articles Scale Presentation
Tailors learning experiences 4 2 Fairly presented
Facilitate interaction and collaboration 3 2 Fairly presented
among learners

Provide global accessibility 2 1 Poorly presented
Promote continuous learning 3 3 Fairly presented
Integrate new technologies into 4 3 Fairly presented
learning

Increase learner engagement and 2 1 Poorly presented
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motivation

Table 4 (continued)

Table 4 (continued) above represents the Linkert scale of the sub-

criteria of opportunities in the mobile learning application.

Table 5

Likert Scale of Threats Criteria

Criteria Articles Scale Presentation
Security and privacy concerns 4 2 Fairly presented
Does not ensure equitable access 3 2 Fairly presented
to digital resources

Barriers in teaching methods and strategies 4 2 Fairly presented
Challenges with implementing and using 4 2 Fairly presented

technology for education

Table 5 above represents the Linkert scale of the threat sub-criteria

in the mobile learning application.

Table 6

Likert Scale for all Criteria Included

Criteria Articles Scale Presentation
Provide flexibility in learning 5 3 Well presented
Engage students in learning 4 2 Fairly presented
Interactive and helpful in learning 4 2 Fairly presented
Facilitate access across devices and 5 3 Well Presented
platforms
Lack of support and training 3 2 Fairly presented
Issues related to device hardware 4 2 Fairly presented
Require stable internet connectivity 3 2 Fairly presented
Distract students’ studies 3 2 Fairly presented

Table 6 (continued)
Tailors learning experiences 4 2 Fairly presented
Facilitate interaction and collaboration 2 Fairly presented
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among learners
Promote continuous learning 3 3 Fairly presented
Integrate new technologies into  learning 4 3 Fairly presented
Security and privacy concerns 4 2 Fairly presented
Does not ensure equitable access to digital 3 2 Fairly presented

resources

Barriers in teaching methods and strategies 2 Fairly presented
Challenges with implementing and using 4 2 Fairly presented

technology for education

Table 6 represents all the 16 criteria included in the study. Our study
looks into mobile learning apps, focusing on four crucial SWOT factors. On top
of the plan, we look at Strengths, Weaknesses, Opportunities, and Threats. Figure
1 shows the global factors of mobile learning applications. We chose these factors
through a questionnaire and by looking at previous research. The study shows
how important it is for mobile learning systems to be designed with the user in
mind and for users to be happy with their experiences. According to study results,
the previous example shows the basic requirements for setting up a mobile
learning application admission system (Husnita & Liza, 2023). So, as shown in
Figure 2, this study chose factors based on what was known from earlier research.
Table 7 gives a full summary and review of all the criteria used in this research.

This study aims to discover what makes people feel good about using
mobile learning apps. We will consider how to keep people's information safe and
check that the app has accurate information. After this, people will feel safer using
the app and more likely to trust it. However, we need excellent management for
this workout. So, the factors that affect the strengths, weaknesses, opportunities,
and threats associated with mobile learning are put together, which leads to the

next part.
2.2.2 Strengths of Mobile Learning

Even though many studies have been done on mobile learning, more needs
to be done to determine how well this technology works in decision-making
systems and how that affects student satisfaction. To understand its strengths, you
must look at many things, such as its ability to make learning more accessible and
flexible. (Criollo-C & Santiago, 2021). Sub-criteria such as providing flexibility

in learning, engaging students effectively, offering interactive and helpful learning



experiences, and facilitating access across different devices and platforms
contribute to this assessment. The quality of the mobile learning system

significantly influences the adoption of mobile learning technology.

2.2.3 Weaknesses of Mobile Learning

Many studies have examined mobile learning, but more is needed to
determine how well it works for decision-making systems, which directly affect
students' happiness. (Moya & Sofia, 2023). Users need to look at several things to
understand its flaws. For example, it can have technology problems, be annoying,
and only feature a certain amount of content. The following sub-factors are part
of the research's weaknesses criteria: Lack of support and training, distracting
student studies, Issues related to device hardware, and lack of stable internet
connectivity. The adoption of mobile learning technology is directly impacted by

the weaknesses of mobile learning.

2.2.4 Opportunities of Mobile Learning

People's opinions and decisions about mobile learning are significant for
making the most of the chances that this technology of mobile learning apps
offers. Authors (Swanson, Joan Ann, 2020) personal factors and how well the user
understands a technology are essential to mobile learning technologies. This is
similar to how students feel about and understand mobile learning systems,
significantly affecting their use of educational technology. Privacy and trust affect
people's attitudes toward mobile learning (Mohiuddin & Khalid, 2021). Accepting
mobile learning options depends on the person and how well they fit in with the

school system. Knowing how to use technology well makes the system work

better. However, Opportunities for mobile learning have the following sub-criteria:

Tailor learning experiences, facilitate interaction among learners, integrate new
technology into learning, and promote continuous learning. The opportunities in

mobile learning directly impact the adoption of mobile learning technology.

2.2.5 Threats of Mobile Learning

Some problems can come up with using mobile learning apps in schools.
These problems can stop people from integrating and using these technologies
effectively. One significant threat is privacy and security issues when sensitive
educational information is collected and managed. Some writers, including (Lazaro

& Gizeh Rangel de, 2023) , have discussed the risks of collecting and keeping
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personal data in mobile learning settings. Furthermore, unequal access to mobile
phones and internet connections is a significant problem that makes it hard to adopt
mobile learning programs reasonably (Mohiuddin & Khalid, 2021) Points out. This
digital divide makes it harder for some student groups to get learning tools and for
others to get the education they deserve. Also, problems with technology and
teaching, like changing how you teach and deal with technical issues, can make it
hard to use mobile learning apps effectively. (Husnita & Liza, 2023). To get clear
of these threats, we need complete plans that put security first, fix problems with
access, and help teachers deal with the challenges of both teaching and technology.
Thus, the threats of mobile learning have the following sub-criteria: security and
privacy concerns, not ensuring equitable access to digital resources, barriers in
teaching methods and strategies, and challenges with implementing and using
technology for education.

Figure 2

Proposed model of influential elements on the adoption of mobile learning apps.

[ Effective Factors of the Adoption of mobile learning Applications ]

| Weaknesses of mobile learning 1
1
] 1

S

7 B d R
Lack of support Tailor learning Security and privacy
and training experiences concerns
& 7 . v
d ™ [ ) ™\
Engage students in Issuesrelated to devica Facilitate interaction Not ensure equitable access
learning hardware. among learners. to digital resources
L - .\ 7 7
4 ) a B B
Interactive and helpful Require stable internet Integrate new technologies Barriers in teaching methods
in learning connectivity. into learning and strategies
\ ) . 7 7
")
i B R
) Promote continuous Challenges with implementing
Facilitate access across Distract students learning and using technology
devices and platforms studies J for education
\ J J

Figure 2

learning apps.

represents the model of influential factors on

the use of mobile
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Factors and Definitions in the Questionnaire Determination

Dimension Cr%toe({%a’s Criteria Description
Strengths of Provide Mobile learning applications allow
Mobile SML1 flexibility .
Learning in learning students to access educational resources
(SML) from anywhere, at any time. (Diaz-
Sainz & Guillermo, 2021)
SML2 Engage Mobile learning applications engage
i;aléji;l;slg students' motivation in their process of
learning. (Tripathi & Ashutosh Kumar,
2022)
Interactive and Mobile applications provide interaction,
SML3  pelpful  in L
learning feedback, and motivation for students,
leading to improved learning outcomes
and knowledge retention (Lin &
Chuanhong, 2023)
SML4 Facilitate Mobile applications provide easy access

Weaknesses of
mobile learning WMLI
(WML)

WML2

access across
devices and
platforms

Lack of
support and
training

Issues related
to device
hardware

to learning materials and resources
anytime, anywhere, which can enhance
the learning experience (Moya & Sofia,
2023)

Inadequate support and required training
to effectively integrate mobile learning
applications into their teaching practices
(Saienko, 2020) and (Kacetl & Jaroslav,
2019)

Usability challenges related to mobile
device screen size and battery life

(Mohiuddin, Khalid, 2022)
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Table 7 (Continued)
Require stable  Reliance on internet connectivity for
internet accessing content and resources can be a
WML3 connectivity &
limitation, especially in areas with poor
network coverage (Nugroho & Wilujeng,
2023)
Distract students  Mobile devices can be sources of
WML4 study distractions, potentially leading to reduced
focus and productivity during learning
activities (Nugroho & Wilujeng, 2023), (Li
& Yanjiao, 2020) and (Nugroho &
Wilujeng, 2023)
Opportunities Tailor learning ~ Mobile learning allows for personalized
of mobile experiences . . . .
learning OML1 and adaptive learning experiences tailored
(OML) to individual needs and preferences (Diaz-
Sainz & Guillermo, 2021).
Facilitate Mobile applications can facilitate
interaction collaborative learning experiences
OML2 among learners £ eXp ’
enabling students to interact and engage
with peers and educators (Moya & Sofia,
2023)
Integrate new Mobile learning can be used to adapt to
technologies into . .
OML3 learning, technological developments in the world of
education (Moya & Camacho, 2021).
Promote Mobile learning supports lifelong learning
continuous e C
OML4 learning initiatives by enabling individuals to

engage in educational activities beyond
traditional classroom settings (Klimova,

2019)
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Threats of
mobile
learning TMLI
(TML)
TML2
TML3
TML4

Security and
privacy concerns

Not ensuring
equitable access
to digital
resources

Barriers to
teaching methods
and strategies

Challenges with
implementing
and using
technology for
education

Mobile learning platforms may be
vulnerable to data breaches and privacy
issues, raising concerns about the
protection of sensitive educational
information (Parnrod, 2020)

Disparities in access to mobile devices and
internet connectivity may widen the digital
divide, limiting the reach of mobile
learning initiatives (Adzifome & Nixon
Saba, 2023)

Integrating mobile learning effectively into
pedagogical practices requires training and
support for educators, which may pose
implementation challenges (Lin &
Chuanhong, 2023).

Rapid advancements in technology may
lead to the obsolescence of mobile learning
platforms and content if not regularly
updated and adapted to new technologies

(Owusu-ansah & Samuel, 2019)

Table 7 represents the summary and review of all factors used in this study
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2.2.5 Fuzzy Logic

Fuzzy logic is an approach to thinking about math and a type of logic that
helps people make decisions and reason when they do not know what will happen
in the future. There is also fuzzy logical thinking. Classical logic, called Boolean
logic, can only take “true” or “false” values as inputs. Fuzzy logic, on the other
hand, can take values that are neither true nor false. It is allowed to use values in
the middle that show different levels of truth or places in a collection. With this in
mind, it is helpful when working with unclear or correct data. When we talk about
variables, verbal variables have amounts that are shown by language words or

29 <6

ideas, like “low,” “medium,” and “high.” You do not use these phrases to talk
about exact numbers. Instead, you talk about significant concepts or qualitative
aspects of a system. This study adopts a triangular fuzzy membership function, as

illustrated in the following figure.

Figure 3

Triangular Fuzzy Membership Function
Exactly Equal Weakly Imp Strongly More Imp Very Strong Imp Absolutely high imp

Table &

Relationship Between Variable & Fuzzy Values as per Figure 3

Comparison (crisp) Linguistic Variable Fuzzy value
1 Exactly Equal (1,1,3)
2 Weakly Important (1,3,5)
3 Strongly More Important (3,5,7)
4 Very Strongly Important (5,7,9)
5 Absolutely High Importance (7,9,11)




23

Table 8 represent the relationship between the variable and Fuzzy Value.

Table 9

Relationship Between Crisp Value & Inverse Fuzzy Value

Comparison (crisp) Fuzzy value (Inverse) Fuzzy value
111
-1
1/1 (1,1,3) (2%%
-1
1/2 (1,3,5) (?,?,%
-1 -
1/3 (3,5.7) (fﬁ)
-1 =
1/4 (5.7,9) (%,71,51)
-1 -
Table 9 represent the relationship between Crisp Value and the Inverse
Fuzzy Value.

2.2.6 Fuzzy AHP

The regular Analytic Hierarchy Process (AHP) is improved by the Fuzzy
Analytic Hierarchy Process (Fuzzy AHP). The Fuzzy AHP adds fuzzy logic to the
regular AHP to help people decide when they do not know what to do. AHP, which
stands for "analytical hierarchy process," is a way to make choices by reviewing a list
of options and ranking them based on several factors. In the 1970s, Thomas L. Saaty
was the first to think of the idea. The fuzzy AHP method adds to the AHP by helping
users make decisions based on untrue and unknown results. People might be confused
when making decisions in the real world because they do not always have evident and
correct numbers to compare. In fuzzy logic, vague words and phrases like "very
important," "somewhat important,” and "not important" are used to show these

unclear results.
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CHAPTER 3
METHODOLOGY

This chapter provides information about the Fuzzy AHP method, the research
design, data collection and analysis, research procedures, and research schedules, as

well as how the findings are analyzed.

3.1 Methodology
3.1.1 Research design
This study uses multi-criteria decision analysis to investigate the factors
influencing the adoption of mobile learning applications in educational institutions.
The research procedures include a planned method of obtaining criteria from a
literature review, creating a questionnaire based on those criteria, giving the
questionnaire to 25 students using mobile learning apps, collecting data, and using the
Fuzzy Analytical Hierarchy Process (AHP) method to rank the criteria on a global and
inter-dimensional scale. The questionnaire was developed based on the criteria
collected from the systematic literature study related to the SWOT analysis of mobile
learning applications to collect data. Students' opinions and experiences with utilizing
mobile learning applications were collected via a questionnaire. Likert scale questions
were used to evaluate the significance of every criterion in determining the adoption

of mobile learning applications.



Figure 4

Flow diagram of entire steps of the study and for Conducting FAHP
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Figure 4 represents the flow diagram of the entire steps of the study and for

Conducting FAHP
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3.1.2 Participants

Twenty-five undergraduate students enrolled in the ethics course during the
spring semester of 2023-2024 at Near East University in the Faculty of Economics
and Administrative Sciences participated in the study. The participants were chosen
because they actively use mobile learning apps and are familiar with using technology
in the classroom. The evaluation was given to these students to get their comments

and ideas on what makes people use mobile learning apps.

Table 10
Distribution of the Faculty of Education Students According to Demographic
Variables
Field of the study Number of Gender(M) Gender(F)
students
Computer 13 10 3
Information Systems
Management 12 10 2
Information Systems
Total 25 20 5

Table 10 represents the demographic distribution of the surveyed students; 25 were
surveyed, 20 were male, and five were female. 13 were from the field of Computer
Information Systems, and 12 were from the field of Management Information

Systems.
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Figure 5
Student's Age by Range

Student's age by range

Age Range (18-20)
31%

Age Range (21-23)
46%

Age Range (18-20) ®Age Range (21-23) ™ Age Range (24-25)

Figure 5 illustrates the ages of the students sample surveyed ranges: 23% of students
were from the range (24-25), 31% were from the range (18-20), and 46 % were from
the range (21-23).

Figure 6
Frequency Of Mobile Learning Use by Students

Frequency of mobile learning apps

use by students
16%

N

40%

/

Daily  m Several times a week Once aweek  mRarely or never

Figure 6 illustrates the number of times students use mobile learning apps: 12% use
them rarely or never, 16% use them once a week, 32% use them several times a week,

and 40 % use them daily.
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3.1.3 The Fuzzy AHP Method

In 1980, Saaty created a new way to make decisions called AHP. It quickly
became one of the most famous ways to make decisions. As you can see, this method
breaks the problem down into smaller, easier-to-handle components. However, there
are issues with the method because it uses the exact values given by the person
choosing to show how they feel about the options by comparing them pair by pair.
(Chang, 1996) This method was changed by suggesting a triangular fuzzy numbers
system that uses the pair-wise comparison scale of FAHP. Also, the extent analysis
method for synthetic extent estimates can compare two things simultaneously.

As a result, The FAHP technique is employed for the purpose of determining
how important each factor is when making decisions. In the choice matrix, however,
the pairwise comparisons comprise fuzzy numbers. The following steps were used to
check the factors affecting mobile learning app use. Using the Chang (1996) method,

each factor is chosen, and each goal goes through an extent analysis.

e Step5: Fuzzy AHP Method

Sub-step 1: For the object, the fuzzy synthetic is found by:

-1

= (1)
=1 =1 =1

Toderive _, , The fuzzy addition operation of m extent analysis values for the particular
matrix is performed such as:

= ( - ' =1 o =1 )he To acquire [ -1 =1 ] , by performing the fuzzy @)
addition operation of ( =1,2,...,) such that

-1
= : , )
=1 =1 =1 =1 =1

And [ -1 =1 _lAn be calculated by the inverse of Eq. (3), as follows:

4
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_< 1 1 1 >
=1 =1 =1 , =1 , =1

e Sub-Step2: As 1 =(1, 1, 1),and =1C(5 5, 2)Aretwo triangular fuzzy numbers,

the degree of possibility of o= ; is defined as

=( 22 = () L)) (5)
Moreover, it can be equivalently expressed as follows:

1

0
(1= 2= (1n 2= ,()= (,— 1) 1= 27 22 1

( 1™ 1)_( 2_2)

Where d, as shown in the figure below, is the highest intersection point D between ( ;)

and ( ,)tocompare 1 =0(1, 1, 1),and 5 =1(5 2 »), we need both the valuesof ( ;= ,)and

(2= 1) A

/ ? .

2 2 1 2 1 1

Insertion between M1 and M2
The degree of possibility for a convex fuzzy number to be greater than k convex fuzzy
( =12,..., )Numbers can be defined by

(=414 2000 D=1 = 1 = = ]
_ o, —1a @
e Sub-Step 3: Calculate the weight vector.
Assume that
c(Hr= =) =12,.., ; # Then, the weight vector is given by
=D Can O (®)

Where (i=1, 2, ..., n) are n elements

e Sub-Step 4: Via normalization, the normalized weight vectors are

=(C) (2w () )

Where w is a non-fuzzy number.
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3.1.4 Data Collection and Analysis

This research seeks to determine the factors that impact the acceptance of
mobile learning through the use of FAHP methods following an in-depth review, this
research extracted some of the leading and influential factors and their underlying
factors (Table 7). Quantitative data was collected from undergraduate students
enrolled in an ethics course for the 2023-2024 spring term, an online E-mail
questionnaire based on an AHP-pair comparison between the factors. A detailed
questionnaire was distributed to undergraduate students to survey their mobile
learning system experiences. Their responses were gathered according to a five-point
Likert scale, as shown in (Table 10). The survey questionnaires were sent via E-mail
to Near East University students who were offered 5 points extra in their final exam
as a reward for participation. Most students surveyed belong to the Faculty of
Economics and Administrative Sciences for convenience reasons. The department's
students were interviewed due to their superior understanding of technological

advancement, particularly in mobile learning applications.

3.1.5 Research Procedure
The study was conducted in the following steps chronologically:

1. A review of various literature was conducted based on the related subject area to
investigate why, how, and what previous studies had found and identify study lapses.
This provided a road map for the study.

2. The ethics committee accepted a research proposal for the study.

3. Based on the literature review results, a conceptual framework was developed for
assessing the criteria of mobile learning applications using a SWOT analysis.

4. Later, a research model based on surveys was developed to investigate and rank the
factors that affect the adoption of mobile learning using multicriteria decision-making
techniques.

5. The selection and evaluation of 25 samples was conducted using FAHP methods.

6. Subsequently, a discussion of the result and recommendations was made.
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3.1.6 Research Schedules

The research was completed in 16 weeks and five days, as depicted in Table 27.
The Figure shows the study's Gant chart.

Table 11

Research schedules

Work done Duration

Thesis approval and seeking approval............coooiiiiiiiiiiiii i 4 Weeks
WIHNES TRESIS. ...ttt e et e e e e e 6 Weeks
Data collection, selection, and evaluation............oooouiiiiiiiiii e, 3 Weeks
Final thesis draft........ ..o 2 Weeks

Reading, discussion, and correction based on the feedback of supervisor ........ 1 Week, 5 Ds

Total 16 Weeks and 5 Ds
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Figure 7
Study Gant Chart

Thesis approval -

Data collection, selection and
evaluation -

Final thesis draft -

Reading, discussion and correction -

Figure 7 represents the Gant Chart of the study
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CHAPTER 4
FINDINGS AND DISCUSSION

This chapter presents the findings and the discussion based on the collected
data of a SWOT analysis of mobile learning applications using FAHP to evaluate the
factors affecting their adoption using a multicriteria decision approach and rank them

according to their importance as priorities.

4.1 Findings
e Stepl: Deciding Triangular Fuzzy Linguistic Scale

Determine the triangular Fuzzy Numbers (TFNs) for linguistic terms:

Table 12

Triangular Fuzzy Linguistic Scale

Linguistic Variable Fuzzy value TFN-!
Exactly Equal (1,1,3) (0.333,1.000,1.000)
Weakly Important (1,3,5) (0.200,0.333,1.000)
Strongly More Important (3,5,7) (1.143,0.200,0.333)
Very Strongly Important (5,7,9) (0.111,1.143,0.200)
Absolutely High Importance (7,9,11) (0.091,0.111,1.143)

Decide Decision Makers

Identifications of decision-makers: Each decision was made by 25
students who filled out the survey questionnaire—examples: 25 students as DM1,

DM2, ..., DM25.

e Step3: Obtain Decision Matrixes from Decision Makers

Create Decision Matrices: Each DM provides pairwise comparisons of the
criteria using the linguistic variable in Step 1.
Decision matrix for DM1
Table 13 represents the Pairwise comparison matrix for the 15 Decision
Makers of the Main Factors.
Table 13

Pairwise Comparison Matrix for the 1st Decision Makers of the Main Factors

SML WML OML TML
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SML
WML
OML
TML

(1.000,1.000,1.000)
(0.200,0.333,1.000)
(0.111,0.143,0.200)
(0.143,0.200,0.333)

(1.000,3.000,5.000)
(1.000,1.000,1.000)
(0.200,0.333,1.000)
(0.111,0.143,0.200)

(5.000,7.000,9.000)
(1.000,3.000,5.000)
(1.000,1.000,1.000)
(0.143,0.200,0.333)

(3.000,5.000,7.000)
(5.000,7.000,9.000)
(3.000,5.000,7.000)
(1.000,1.000,1.000)

Table 14 represents the Pairwise comparison matrix of SML for 1st Decision Makers

of the Sub Factors.
Table 14

Pairwise comparison matrix of SML for 1st Decision Makers of the Sub Factors

SML1

SML2

SML3

SML4

SML1
SML2
SML3
SML4

(1.000,1.000,1.000)
(0.111,0.143,0.200)
(0.111,0.143,0.200)
(0.091,0.111,0.143)

(5.000,7.000,9.000)
(1.000,1.000,1.000)
(0.143,0.200,0.333)
(0.143,0.200,0.333)

(5.000,7.000,9.000)
(3.000,5.000,7.000)
(1.000,1.000,1.000)
(0.111,0.143,0.200)

(7.000,9.000,11.000)

(3.000,5.000,7.000)
(5.000,7.000,9.000)
(1.000,1.000,1.000)

Table 15 represents the Pairwise comparison matrix of SML for 1st Decision Makers

of the Sub Factors.
Table 15

Pairwise comparison matrix of WML for 1st Decision Makers of the Sub Factors.

WMLI1

WML2

WML3

WML4

WMLI1
WML2
WML3
WMLA4

(1.000,1.000,1.000)
(0.143,0.200,0.333)
(0.143,0.200,0.333)
(0.111,0.143,0.200)

(3.000,5.000,7.000)
(1.000,1.000,1.000)
(0.143,0.200,0.333)
(0.200,0.333,1.000)

(3.000,5.000,7.000)
(3.000,5.000,7.000)
(1.000,1.000,1.000)
(0.111,0.143,0.200)

(5.000,7.000,9.000)
(1.000,3.000,5.000)
(5.000,7.000,9.000)
(1.000,1.000,1.000)

Table 16 (continued) represents the Pairwise comparison matrix of OML for 1st

Decision Makers of the Sub Factors.
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Table 16

Pairwise comparison matrix of OML for 1st Decision Makers of the Sub Factors.

OML1

OML2

OML3

OMLA4

OML1
OML2
OML3
OMLA4

(1.000,1.000,1.000)
(0.143,0.200,0.333)
(0.111,0.143,0.200)
(0.111,0.143,0.200)

(3.000,5.000,7.000)
(1.000,1.000,1.000)
(0.200,0.333,1.000)
(0.143,0.200,0.333)

(5.000,7.000,9.000)
(1.000,3.000,5.000)
(1.000,1.000,1.000)
(0.111,0.143,0.200)

(5.000,7.000,9.000)
(3.000,5.000,7.000)
(5.000,7.000,9.000)
(1.000,1.000,1.000)

Table 17 represents the Pairwise comparison matrix of TML for 1st Decision Makers
of the Sub Factors.
Table 17

Pairwise comparison matrix of TML for st Decision Makers of the Sub Factors.

TMLI1

TML2

TML3

TMLA4

TMLI1
TML2
TML3
TMLA4

(1.000,1.000,1.000)
(0.200,0.333,1.000)
(0.200,0.333,1.000)
(0.143,0.200,0.333)

(1.000,3.000,5.000)
(1.000,1.000,1.000)
(0.111,0.143,0.200)
(0.111,0.143,0.200)

(1.000,3.000,5.000)
(5.000,7.000,9.000)
(1.000,1.000,1.000)
(0.143,0.200,0.333)

(3.000,5.000,7.000)
(5.000,7.000,9.000)
(3.000,5.000,7.000)
(1.000,1.000,1.000)

Tables 13, 14, 15, 16, and 17 represent the pairwise comparison of the first Decision
Makers of the Subfactors.

Table 18 represents the Pairwise comparison matrix for the 25™ Decision Makers of
the Main Factors.

Decision matrix for DM25

Table 18

Pairwise Comparison Matrix for the 25™ Decision Makers of the Main Factors.

SML

WML

OML

TML

SML
WML
OML
TML

(1.000,1.000,1.000)
(0.091,0.111,0.143)
(0.143,0.200,0.333)
(0.111,0.143,0.200)

(7.000,9.000,11.000)
(1.000,1.000,1.000)
(0.111,0.143,0.200)
(0.200,0.333,1.000)

(3.000,5.000,7.000)
(5.000,7.000,9.000)
(1.000,1.000,1.000)
(0.111,0.143,0.200)

(5.000,7.000,9.000)
(1.000,3.000,5.000)
(5.000,7.000,9.000)
(1.000,1.000,1.000)

the Main Factors.

Table 19 represents the Pairwise comparison matrix for the 25™ Decision Makers of
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Pairwise Comparison Matrix of SML for 25th Decision Makers of the Sub Factors.

SML1

SML2

SML3

SMLA4

SML1
SML2
SML3
SML4

(1.000,1.000,1.000)
(0.091,0.111,0.143)
(0.143,0.200,0.333)
(0.143,0.200,0.333)

(1.000,1.000,1.000)
(0.091,0.111,0.143)
(0.200,0.333,1.000)

(7.000,9.000,11.000)  (3.000,5.000,7.000)
(7.000,9.000,11.000)

(1.000,1.000,1.000)
(0.111,0.143,0.200)

(3.000,5.000,7.000)
(1.000,3.000,5.000)
(5.000,7.000,9.000)
(1.000,1.000,1.000)

Table 20 represents the Pairwise comparison matrix for the 25™ Decision Makers of

the Sub Factors.
Table 20

Pairwise Comparison Matrix of WML for 25th Decision Makers of the Sub Factors.

WMLI1

WML2

WML3

WML4

WMLI1
WML2
WML3
WML4

(1.000,1.000,1.000)
(0.143,0.200,0.333)
(0.091,0.111,0.143)
(0.200,0.333,1.000)

(3.000,5.000,7.000)
(1.000,1.000,1.000)
(0.200,0.333,1.000)
(0.143,0.200,0.333)

(7.000,9.000,11.000)

(1.000,3.000,5.000)
(1.000,1.000,1.000)
(0.111,0.143,0.200)

(1.000,3.000,5.000)
(3.000,5.000,7.000)
(5.000,7.000,9.000)
(1.000,1.000,1.000)

Table 21 represents the Pairwise comparison matrix for the 25™ Decision Makers of

the Sub Factors.
Table 21

Pairwise Comparison Matrix of OML for 25th Decision Makers of the Sub Factors.

OML1

OML2

OML3

OMLA4

OML1
OML2
OML3
OMLA4

(1.000,1.000,1.000)
(0.200,0.333,1.000)
(0.091,0.111,0.143)
(0.333,1.000,1.000)

(1.000,3.000,5.000)
(1.000,1.000,1.000)
(0.143,0.200,0.333)
(0.111,0.143,0.200)

(7.000,9.000,11.000)
(3.000,5.000,7.000)
(1.000,1.000,1.000)
(0.143,0.200,0.333)

(1.000,1.000,3.000)
(5.000,7.000,9.000)
(3.000,5.000,7.000)
(1.000,1.000,1.000)

Table 22 represents the Pairwise comparison matrix for the 25™ Decision Makers of

the Sub Factors.
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TML1 TML2 TML3 TML4
T™L1 (1.000,1.000,1.000)  (3.000,5.000,7.000)  (1.000,3.000,5.000) (5.000,7.000,9.000)
T™ML2 (0.143,0.200,0.333)  (1.000,1.000,1.000) (7.000,9.000,11.000) (3.000,5.000,7.000)
T™L3 (0.200,0.333,1.000)  (0.091,0.111,0.143)  (1.000,1.000,1.000)  (1.000,3.000,5.000)
TML4 (0.111,0.143,0.200)  (0.143,0.200,0.333)  (0.200,0.333,1.000)  (1.000,1.000,1.000)

Pairwise Comparison Matrix of TML for 25th Decision Makers of the Sub Factors.

e Step4: Combine Multiple DMs’ Decision Matrices

To combine the 25 decision-makers, we used the online software Fuzzy AHP
Online, found in “Online Output.” The screenshots of the appendix show the expert
status of the 25 students combined through this software. The following tables matrix

represents the mean of all the 25 DMs combined.

Table 23

Pairwise Comparison Matrix for the 25 Decision Makers Combined of the Main

Factors

SML WML OML TML

SML  (1.000,1.000,1.000) (1.000,4.432,11.000) (1.000,5.627,11.000) (1.000,4.851,11.000)
WML (0.091,0.226,1.000)  (1.000,1.000,1.000) (1.000,2.983,9.000) (1.000,4.197,11.000)
OML (0.091,0.178,1.000)  (0.111,0.335,1.000) (1.000,1.000,1.000) (1.000,4.117,9.000)
TML  (0.091,0.206,1.000)  (0.091,0.238,1.000)  (0.111,0.243,1.000)  (1.000,1.000,1.000)

Table 24

Pairwise Comparison Matrix for the SML of 25 Decision Makers Combined of the
Sub-Factors

SML1 SML2 SML3 SML4

SML1 (1.000,1.000,1.000) (1.000,4.875,11.000) (1.000,5.540,11.000) (1.000,5.198,11.000)
SML2 (0.091,0.205,1.000)  (1.000,1.000,1.000) (1.000,4.383,11.000) (1.000,4.564,11.000)
SML3 (0.091,0.181,1.000)  (0.091,0.228,1.000)  (1.000,1.000,1.000)  (1.000,4.609,9.000)
SML4 (0.091,0.192,1.000)  (0.091,0.219,1.000)  (0.111,0.217,1.000)  (1.000,1.000,1.000)
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Table 25

Pairwise Comparison Matrix for the WML of 25 Decision Makers Combined of the
Sub-Factors

WML1 WML2 WML3 WMLA4

WML1 (1.000,1.000,1.000)  (1.000,3.529,9.000) (1.000,4.751,11.000) (1.000,3.980,11.000)
WML2  (0.111,0.283,1.000)  (1.000,1.000,1.000) (1.000,4.187,11.000) (1.000,4.126,11.000)
WML3  (0.091,0.210,1.000)  (0.091,0.239,1.000)  (1.000,1.000,1.000) (1.000,4.318,11.000)
WML4  (0.091,0.251,1.000)  (0.091,0.242,1.000)  (0.091,0.232,1.000)  (1.000,1.000,1.000)

Table 26

Pairwise Comparison Matrix for the OML of 25 Decision Makers Combined of the

OML1 OML2 OML3 OMLA4

OML1 (1.000,1.000,1.000) (1.000,5.214,11.000) (1.000,4.710,11.000) (1.000,4.087,11.000)
OML2 (0.091,0.192,1.000)  (1.000,1.000,1.000) (1.000,5.122,11.000) (1.000,5.283,11.000)
OML3 (0.091,0.212,1.000)  (1.000,1.000,1.000) (1.000,1.000,1.000) (1.000,4.568,11.000)
OML4 (0.091,0.245,1.000)  (0.091,0.189,1.000)  (0.091,0.219,1.000)  (1.000,1.000,1.000)

Sub-Factors

Table 27

Pairwise Comparison Matrix for the TML of 25 Decision Makers Combined of the

TMLI1 TML2 TML3 TMLA4

T™ML1 (1.000,1.000,1.000) (1.000,3.656,11.000) (1.000,4.258,11.000) (1.000,4.432,11.000)
T™ML2 (0.091,0.274,1.000)  (1.000,1.000,1.000) (1.000,4.206,11.000) (1.000,4.445,11.000)
TML3 (0.091,0.235,1.000)  (0.091,0.238,1.000)  (1.000,1.000,1.000) (1.000,4.428,11.000)
TML4 (0.091,0.226,1.000)  (0.091,0.225,1.000)  (0.091,0.226,1.000)  (1.000,1.000,1.000)

Sub-Factors

Table 23,24,25,26,27 above represents the DMs of 25 students combined.
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Using the online survey, this study evaluates the effectiveness and importance

of the variable in promoting mobile learning adoption. This ranking shows the

importance of the influencing factors in reaching this goal. The results of this ranking

can serve as a guide for future researchers.

Table 28

SML WML OML

TML

SML  (1.000,1.000,1.000)
WML  (0.091,0.226,1.000)  (1.000,1.000,1.000)
OML  (0.091,0.178,1.000)  (0.111,0.335,1.000)
TML  (0.091,0.206,1.000)  (0.091,0.238,1.000)

(1.000,4.432,11.000) (1.000,5.627,11.000) (1.000,4.851,11.000)
(1.000,2.983,9.000) (1.000,4.197,11.000)
(1.000,1.000,1.000)  (1.000,4.117,9.000)
(0.111,0.243,1.000)  (1.000,1.000,1.000)

The Developed Fuzzy Matrix Of the Main Factors

A fuzzy evaluation matrix was developed as a hierarchy structure. Table 28 depicts

the evaluation matrix according to the adopted method, FAHP.

Table 29
Main Factors Sum of rows Sum of columns
SML (4.000,15.91,34.000) (1.273,1.61,4.000)
WML (3.091,8.406,22.000)  (2.202,6.005,14.000)
OML (2.202,5.63,12.000) (3.111,9.853,22.000)
TML (1.293,1.687.4.000)  (4.000,18.165,32.000)

Sum of columns (10.586,35.633,72.000)

The sum of rows and columns' main factors
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Table 29 represent the sum of row and columns of the main factors. After creating the
matrix for comparing pairs using fuzzy logic, FAHP determines the weight of each
criterion. However, according to FAHP methodology, the synthesis extent values
should be determined. By using the Sub-stepl the synthesis extent values can be
determined according to Equation 1. The following calculations show all the extent
values.

; = (4.000,15.91,34.000)  (10.586,35.633,72.000)
= (0.0555, 0.4464, 3.2117)

, = (3.091,8.40622.000)  (10.586,35.633,72.000)
= (0.0429, 0.2359, 2.0782)

5 = (2.202,5.63,12.000)  (10.586,35.633,72.000)
= (0.0305, 0.1579, 1.1335)

4= (1.293,1.687.4.000)  (10.586,35.633,72.000)
= (0.0179, 0.0473,0.3778)

Table 30

The result of the synthesis values of the main factor

Main Factors

Sci

SML
WML
OML
TML

(0.0555,0.4464,3.2117)
(0.0429,0.2359,2.0782)
(0.0305,0.1579,1.1335)
(0.0179,0.0473,0.3778)

Table 30 represents the synthesis values of the main factors.

By using Sub-step2 the above synthesis value was used to make a comparison using
equation 6 to obtain the following results:

(12 =1 (1= 3)=1 (1= =1
2= 1)=07303 ( 2= 3)=1 ( 2= =1

(
( 3= 1)=07888, ( 3= 2)=09332, ( 3= 4)=1
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(4= 1)=05206, ( 4= ,)=06397, ( 4= 3)=07584
Then, by using Sub-step 3, with the use of Equation 8, each weight is calculated.

'‘( ) =min(1,1,1.0211) =1

‘(. ) =min(0.8812,1,1) =0.7303

'( 3) = min(3.6528,17.8832,1) = 0.7888

'( 4) = min (0.4202,0.6305,0.7397) = 0.5206

Then, the calculated weights vector forms and normalizes the nonfuzzy weight vector
below

' = (1,0.7303, 0.7888, 0.5206)

Then, using Sub-step 4 and equation 9, the weighted priority is normalized to form

the following vector regarding the primary goal.

W =(0.328, 0.240, 0.259, 0.171)

Table 31
Priorities Concerning Effective Main Factors Of The Adoption Of Mobile
Lear
ning
Appli RANK Main Factors Criteria weight
catio 1 SML 0.33
ns
3 WML 0.24
2 OML 0.26
4 TML 0.17

Table 31 represents the priorities concerning the main factors affecting mobile

learning application adoption.

4.1.2 Sub-factors of mobile learning applications

A). Strengths of mobile learning (SML)

In this study, the Strengths of mobile learning play a crucial role in the

adoption of mobile learning application technology. The sub-elements of SML have
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been investigated and ranked regarding their importance, and their importance is

calculated through the FAHP Method.

Table 32
SML1 SML2 SML3 SML4
SML1 (1.000,1.000,1.000) (1.000,4.875,11.000) (1.000,5.540,11.000) (1.000,5.198,11.000)
SML2 (0.091,0.205,1.000)  (1.000,1.000,1.000) (1.000,4.383,11.000) (1.000,4.564,11.000)
SML3 (0.091,0.181,1.000)  (0.091,0.228,1.000) (1.000,1.000,1.000) (1.000,4.609,9.000)
SML4 (0.091,0.192,1.000)  (0.091,0.219,1.000) (0.111,0.217,1.000)  (1.000,1.000,1.000)

The developed fuzzy matrix of the sub-factors of SML

A fuzzy evaluation matrix was developed as a hierarchy structure. Table 32 depicts
the evaluation matrix according to the adopted method, FAHP.
Table 33

The
sum of rows

and columns’ Sub Factors Sum of rows Sum of columns
sub-factors SML1 (4.000,16.613,34.000)  (1.273,1.578,4.000)
SML SML2 (3.091,13.448,22.000)  (2,182,6.322,14.000)
SML3 (2.182,6.018,12.000)  (3.111,11.14,24.000)
SML4 (1.293,1.628,4.000)  (4.000,15.371,32.000)
Sum of columns (10.566,34.411,74.000)

After forming the matrix for comparing pairs of items with fuzzy logic. FAHP
determines the weight of each SML criterion. However, according to FAHP
methodology, the synthesis extent values should be determined. Sub-step 1 allows for
determining the synthesis extent values according to Equation 1. The following
calculations show all the extent values.

, = (4.000,16.613,34.000)  (10.566,34.411,74.000)"
= (0.0540, 0.4827, 3.2178)

» =(3.091,13.448,22.000) (10.566,34.411,74.000)"*
= (0.0417,0.3980, 2.0821)



43

3 =(2182,6.018,12.000) (10.566,34.411,74.000)7*
= (0.0294,0.1748,1.1357)

4 =(1.293,1.628,4.000) (10.566,34.411,74.000)*
= (0.0174,0.0473,0.3785)

Table 34

Result of the synthesis values of the sub-factors of SML

Sub Factors Sci
SML1 (0.0540,0.4827,3.2178)
SML2 (0.0417,0.3980,2.0821)
SML3 (0.0294,0.1748,1.1357)
SML4 (0.0174,0.0473,0.3785)

Table 34 represents the synthesis value of the sub-factors of SML.
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By using Sub-step2 the above synthesis value was used to make a comparison using
Equation 6 to obtain the following results:

(1= 2=1 (1= 3)=1 (1= 4H=1

(2= 1)=09599 ( .= 3)=1 ( 2= =1

( 3= ()=07779, ( 3= ,=08103, ( 3= 4,H=1

( 4= 1)=04270, ( 4= ,)=04898, ( 4= 3)=07324
Then, with the using Sub-step3 of Equation 8, each weight is calculated:

'‘(9)=min(1,1,1)=1

'( 2) =min(0.9599,1,1) =0.9599

‘(. 3) =min(0.7779,0,8103,1) = 0.7779

'( 4) = min (0.4270,0,4898,0.7324) = 0.4270

Then, the calculated weights vector forms and normalizes the nonfuzzy weight vector
below

"= (1,0.9599, 0.7779, 0.4270)

Then, using Sub-step4 Equation 9, the weighted priority is normalized to form the
following vector regarding the primary goal.

W =(0.32,0.30, 0.25, 0.13)

Table 35
Prior
ities
Concerning RANK Sub Factors Criteria weight
Strengths Of 1 SMI1 0.30
Mobile
Learning 3 SML2 0.30
2 SML3 0.25
4 SML4 0.13
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As shown in Table 35 above, SMLI is the priority according to the SML. According

to the obtained weights, the following priorities are assigned to SML2, SML3, and

SMLA4.

B). Weaknesses of mobile learning (WML)

This study investigates the weaknesses of mobile learning applications to

admit mobile learning Application technology: The sub-elements of WML that have

been investigated and ranked in terms of their importance are calculated using the

FAHP Method.

Table 36

The developed fuzzy matrix of the sub-factors of WML

WML1

WML2

WML3

WMLA4

WML1  (1.000,1.000,1.000)
WML2  (0.111,0.283,1.000)
WML3  (0.091,0.210,1.000)
WML4  (0.091,0.251,1.000)

(1.000,3.529,9.000)
(1.000,1.000,1.000)
(0.091,0.239,1.000)
(0.091,0.242,1.000)

(1.000,4.751,11.000) (1.000,3.980,11.000)
(1.000,4.187,11.000) (1.000,4.126,11.000)

(1.000,1.000,1.000)
(0.091,0.232,1.000)

(1.000,4.318,11.000)
(1.000,1.000,1.000)

A fuzzy evaluation matrix was developed as a hierarchy structure. Table 36 depicts

the evaluation matrix according to the adopted method, FAHP.

Sum

Sum of rows

Sum of columns

Table 37
The

Of Rows And

Columns' Sub- Sub Factors

Factors WML WML1
WML2
WML3
WMLA4

(4.000,13.26,32.000)
(3.111,9.596,24.000)
(2.182,5.767,14.000)
(1.273,1.725,4.000)

(1.293,1.744,4.000)
(2,182,5.01,12.000)
(3.091,14.195,24.000)
(4.000,13.424,34.000)

Sum of columns

(10.566,34.373,74.000)
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Table 37 represents the sum of rows and columns’ Sub-Factors of WML. After
forming the matrix for comparing pairs with fuzzy logic, FAHP determines the weight
of each criterion of SML. However, according to FAHP methodology, the synthesis
extent values should be determined. Using Sub-stepl, The synthesis extent values can
be determined according to Equation 1. The following calculations show all the
extent values.

. = (4.000,13.26,32.000)  (10.566,34.373,74.000) .
= (0.0540, 0.3857, 3.0285)

» =(3.111,9596,24.000) (10.566,34.373,74.000)1
= (0.0420,0.2791, 2.2714)

s = (2.182,5.767,14.000)  (10.566,34.373,74.000) 1
= (0.0294, 0.1677, 1.3250)

4 = (1.273,1.725,4.000) (10.566,34.373,74.000)"*
= (0.0172, 0.0501, 0.3785)

Table 38
Result Of The
Synthesis Values - Of The
Sub-Factors Of Sub Factors Sci WML
WMLI1 (0.0540,0.3857,3.0285)
WML2 (0.0420,0.2791,2.2714)
WML3 (0.0294,0.1677,1.3250)
WML4 (0.0172,0.0501,0.3785)

Table 38 represents the synthesis values of the Sub factors of WML. By using Sub-
step2 the above synthesis value was used to make a comparison using Equation 6 to
obtain the following results:

(12 2=1 (12 =1 (1= 4=1

(2= 1)=09541, ( 2= 3)=1 ( 2= =1

( 3= 1)=08535, ( 3= ,)=09201, ( 3= ,H=1

( 4= 1)=04915, ( 4= ,)=05973, ( 4= 3)=0.7484
Then, using Sub-step3 and Equation 8, each weight is calculated:

'‘(9)=min(1,3,1)=1

‘(. 2) =min(0.9541,1,1) =0.9541

'( 3) = min(0.8535,0.9201, 1) = 0.8535
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'( 4) = min (0.4915,0,5973, 0.7484) = 0.4915

Then, the calculated weights vector forms and normalizes the nonfuzzy weight vector
below

' =(1,0.9541,0.8535, 0.4915)

Then, using Sub-step4 and Equation 9, the weighted priority is normalized to form
the following vector regarding the primary goal.

W =(0.30, 0.29, 0.26, 0.15)

Table 39
Pr zorztze; RANK Sub Factors Criteria weight
concerning
WML 1 WMLI1 0.30
3 WML2 0.29
2 WML3 0.26
4 WML4 0.15

As shown in Table 39 above, WMLI1 is the priority according to the WML.
According to the obtained weights, the following priorities are assigned to WML2, WML3,
and WMLA4.

C). Opportunities of mobile learning (OML)

This study investigates the opportunities for mobile learning applications to admit the
adoption of mobile learning application technology in higher institutions. The sub-
factors of OML that have been examined and ranked in importance are calculated

using the FAHP Method.

Table 40

OML1 OML2 OML3 OMLA4

OML1 (1.000,1.000,1.000) (1.000,5.214,11.000) (1.000,4.710,11.000) (1.000,4.087,11.000)
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OML2 (0.091,0.192,1.000)  (1.000,1.000,1.000) (1.000,5.122,11.000) (1.000,5.283,11.000)
OML3 (0.091,0.212,1.000)  (1.000,1.000,1.000)  (1.000,1.000,1.000) (1.000,4.568,11.000)
OML4 (0.091,0.245,1.000)  (0.091,0.189,1.000)  (0.091,0.219,1.000)  (1.000,1.000,1.000)

The Developed Fuzzy Matrix Of The Sub-Factors Of OML

A fuzzy evaluation matrix was developed as a hierarchy structure. Table 40 depicts

the evaluation matrix according to the adopted method, FAHP.

Table 41

The Sum of Rows And Columns' Sub-Factors OML

Sub Factors Sum of rows Sum of columns
OML1 (4.000,15.309,34.000)  (1.273,1.649,4.000)
OML2 (3.091,11.597,24.000)  (2.182,6.598,14.000)
OML3 (2.182,5.975,14.000)  (3,091,11.051,24.000)
OML4 (1.273,1.653,4.000)  (4.000,14.938,34.000)

Sum of columns (10.546,34.236,76.000)

Table 41 represents the sum of Rows and Columns’ Sub-factors OML. After forming
the matrix for comparing pairs with fuzzy logic, FAHP determines the weight of each
OML criterion. However, according to FAHP methodology, the synthesis extent
values should be determined. Using Sub-step 2, the synthesis extent values can be
determined according to Equation 1. The following calculations show all the extent
values.

. = (4.000,15.309,34.000)  (10.546,34.236,76.000) 1
= (0.0526, 0.4471, 3.2239)

» =(3.091,11.597,24.000) (10.546,34.236,76.000)*
= (0.0406, 0.3387, 2.2757)

3 =(2.182,5.975,14.000) (10.546,34.236,76.000)*
= (0.0287,0.1745, 1.3275)

4 =(1.273,1.653,4000) (10.546,34.236,76.000)*
= (0.0167,0.0482,0.3792)
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Table 42
Result Of The
i o
OML OML1 (0.0526,0.4471,3.2239)
OML2 (0.0406,0.3387,2.2757)
OML3 (0.0287,0.1745,1.3275)
OMLA4 (0.0167,0.0482,0.3792)

Table 42 represents the Synthesis Values of the Sub-Factors of OML. By using Sub-
step2 the above synthesis value was used to make a comparison using Equation 6 to
obtain the following results:

(1= 2)=1 (12 =1 (1= 4=1

(2= 1)=09535 ( 2= 3)=1 ( 2= =1

( 3= 1)=08238, ( 3= ,)=08831, ( 3= ,H=1

( 4= 1)=04501, ( 4= ,)=05382, ( 4= 3)=0.7351
Then, using Sub-step3 and Equation 8, each weight is calculated:

'‘(9)=min(1,1,1)=1

'( 1) =min(0.9535,1,1) =0.9535

'( 3) = min(0.8238,0.8831,1) = 0.8238

'( 4) = min (0.4501,0,5382,0.7351) = 0.4501

Then, the calculated weight vector forms and normalizes the nonfuzzy weight vector
below

' =(1,0.9535, 0.8238, 0.4501)

Then, using Sub-step4 and Equation 9, the weighted priority is normalized to form
the following vector regarding the primary goal.

W =(0.31, 0.30, 0.26, 0.13)
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Table 43
Priorities
concerning o - .
OML RANK Sub Factors Criteria weight
1 OML1 0.31
3 OML2 0.30
2 OML3 0.26
4 OMLA4 0.13

As shown in Table 43 above, OML1 is the priority according to the OML. According
to the obtained weights, the following priorities are assigned to OML2, OML3, and
OMLA4.

D). Threats of mobile learning (TML)

This study investigates the threats to mobile learning applications that would
prevent the adoption of mobile learning application technology in higher institutions.
The sub-factors of TML that have been examined and ranked in importance are

calculated using the FAHP Method.

Table 44

The developed fuzzy matrix of the sub-factors of TML

TMLI1 TML2 TML3 TMLA4

TMLI1
TML2
TML3
TML4

(1.000,1.000,1.000)  (1.000,3.656,11.000) (1.000,4.258,11.000) (1.000,4.432,11.000)
(0.091,0.274,1.000)  (1.000,1.000,1.000) (1.000,4.206,11.000) (1.000,4.445,11.000)
(0.091,0.235,1.000)  (0.091,0.238,1.000)  (1.000,1.000,1.000) (1.000,4.428,11.000)
(0.091,0.226,1.000)  (0.091,0.225,1.000)  (0.091,0.226,1.000)  (1.000,1.000,1.000)
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A fuzzy evaluation matrix was developed as a hierarchy structure. Table 44 depicts

the evaluation matrix according to the adopted method, FAHP.

Table 45
Sub Factors Sum of rows Sum of columns
TMLI1 (4.000,13.346,34.000)  (1.273,2.735,4.000)
TML2 (3.091,9.925,24.000)  (2.182,5.149,14.000)
TML3 (2.182,6.901,14.000) (3.091,9.69.24.000)
TML4 (1.273,1.707,4.000)  (4.000,14.305,34.000)
Sum of columns (10.546,31.879,76.000)

The Sum of Rows And Columns' Sub-Factors TML

Table 45 represents the sum of rows and columns of the Sub-factors TML.

After forming the matrix for comparing pairs with fuzzy logic, FAHP determines the
weight of each TML criterion. However, according to FAHP methodology, the
synthesis extent values should be determined. Sub-step 1 allows the synthesis extent
values to be determined according to Equation 1. The following calculations show all
the extent values.

. = (4.000,13.346,34.000)  (10.546,31.879,76.000) 1
= (0.0526, 0.4186, 3.2239)

» =(3.091,9.925,24.000) (10.546,31.879,76.000)*
= (0.0406, 0.3113, 2.2757)

3 =(2182,6.901,14.000) (10.546,31.879,76.000)*
= (0.0287,0.2164, 1.3275)

4 =(1.273,1.707,4000) (10.566,31.054,74.000)*
= (0.0172,0.0549, 0.3785)
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Table 46
Result Of
The - Synthesis Values
Of The Sub Factors Sci Sub-Factors Of
TML TML1 (0.0526,0.4186,3.2239)
TML2 (0.0406,0.3113,2.2757)
TML3 (0.0287,0.2164,1.3275)
TML4 (0.0172,0.0549,0.3785)

Table 46 represents the result of the synthesis value of the sub-factors of TML. By
using Sub-step2 the above synthesis value was used to make a comparison using
Equation 6 to obtain the following results:

(1= 2=1 ( 1= 3)=1 (1= =1

(2= 1)=09539, ( 2= 3)=1 ( 2= =1
1)=08631, ( 3= ,)=09313, ( 3= 4)=1
1)=04725, ( 4= ,)=05685, ( 4= 3)=0.6841

v

3

(
(

v

4

Then, by using Sub-step3 with the use of Equation 8, each weight is calculated:
'()=min(1,1,1) =1
'( ) =min(0.9539,1,1) =0.9539
'( 3) = min (0.8631,0.9313,1) = 0.8631
'( 4) = min (0.4725,0,5685,0.6841) = 0.4725

Then, the calculated weight vector forms and normalizes the nonfuzzy weight vector
below

' =(1,0.9539,0.8631, 0.4725)

Then, using Sub-step4 and Equation 9, the weighted priority is normalized to form
the following vector regarding the primary goal.

W =(0.30, 0.29, 0.26, 0.14)
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Table 47
RANK Sub Factors Criteria weight
1 TMLI1 0.30
3 TML2 0.29
2 TML3 0.26
4 TML4 0.14

Priorities Concerning TML

As shown in Table 47 above, TML1 is the priority according to the TML. According

to the obtained weights, the following priorities are assigned to TML2, TML3, and
TMLA4.
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4.1.3 Comparing and evaluation of the main factors:

Based on the findings of this study, which was conducted using the online
FAHP questionnaire, this identifies the influential variables in its model and the
extent of their contribution to the scale of adoption of mobile learning applications. In
terms of normalizing the influential factors in the context of this study, the following
rank is provided: It, therefore, becomes the guide for future researchers based on the
outcomes of this ranking. The main factors are ranked in the following order, from
most important to least important: Strengths of mobile learning (SML) Weighted
mean = 0. 33 Opportunities of Mobile Learning (OML) Weighted mean = 0. 26
Weaknesses of mobile learning (WML) Weighted mean = 0. 24 Threats of mobile
learning: (TML) weighted mean = 0. 17

In most cases, considering the aforementioned findings and from the
viewpoint of the student, the primary factor is Strengths of Mobile Learning (SML)"
(w = 0.33) and Opportunities of Mobile Learning (OML)” (w=0.26) with the highest
weight, which are the most influential factors for mobile learning application adoption.
Then, two criteria were used: "Weaknesses of Mobile Learning (WML)" (w = 0.24)
and "Threats of Mobile Learning (TML)" (w = 0.17).

For practical considerations, when students are involved in implementing
mobile learning technology in educational settings, they should first consider the
primary factors (SML) (OML) and then examine the two factors (WML) (TML) in
specific scenarios. When dealing with mathematical operations, scales need to be
converted to fuzzy scales. Various types of fuzzy scales can generally be utilized.
This study specifically uses the triangular fuzzy transformation scale. (Farhad Lotfi,

Kimia Fatehi, Nasrin Badie, 2020) The model has been used.

4.1.4 Comparing and assessment of sub-criteria:

A). Strengths of mobile learning (SML)

In this study, SML is the most critical factor when considering the
implementation of mobile learning technology, four sub-factors of SML have been
studied and assessed, which are: “Provide flexibility in learning (SM1)", "Engage
students in learning (SML2)", "Interactive and helpful in learning (SML3)", and
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"Facilitate access across devices and platforms (SML4)".The following four sub-
factors are listed in order of importance, from the most important to the least
important.: “Provide flexibility in learning (SM1)” (w=0.32), “Engage students in
learning (SML2)” (w= 0.30), “Interactive and helpful in learning (SML3) > (w= 0.25),
“Facilitate access across devices and platforms (SML4)” (w= 0.13).

The study suggests that when adopting mobile learning applications, the factor
"Provide flexibility in learning (SM1)" should be considered the top priority.
"Engage students in Learning (SML2)," Interactive and helpful in Learning (SML3),”
and " Facilitate access across devices and platforms (SML4) " Respectively, the
flexibility in learning should be investigated and evaluated. The results show that
maintaining flexibility is essential for improving student acceptance of mobile
learning applications and raising the "SML" level. Nevertheless, this does not mean
that other factors are not important enough. Still, this weight (w = 0.32) of the Provide
flexibility is far from the different aspects, indicating a high need for this.

B). Weaknesses of mobile learning (WML)

When analyzing the sub-categories of the second primary influential aspect on
WML, four sub-categories are under examination. “Lack of support and training
(WML1) », “Issues related to devices hardware (WML2) ”, “Require stable internet
connectivity (WML3) 7, and” Distract students study (WML4)” After the analysis, the
sub-factors are ranked from most to least important as follows: “Lack of support and
training (WML1)” (w= 0.31), “Issues related to devices hardware (WML2)” (w=
0.29), “Require stable internet connectivity (WML3)” (w= 0.26), ” Distract
students study (WML4)” (w= 0.14).

According to the student’s perspective, the mentioned factors, such as the lack
of support, are important. training and the issues related to device hardware, are of
higher priority. Then, Requiring stable internet connectivity and Distract student's

study are important and prioritized, respectively.

C). Opportunities of mobile learning (OML)

Mobile learning opportunities are One of the crucial considerations for
implementing mobile learning applications in higher education is the factor of
opportunities. In this study, four sub-factors related to opportunities are regarded as
the second most significant and influential factor of mobile learning applications,

including “Tailor learning experiences (OMLI1)”, “Facilitate interaction among
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learners (OML2)”, “Integrate new technologies into learning (OML3)”, “Promote

continuous learning (OML4)”.

D). Threats of mobile learning (TML)

Whereas Threats to mobile learning are less It's essential to understand that the
outcomes of the sub-criteria can be hotly debated despite their significance in the
overall results. Reducing the threats to adoption in higher education is one key factor
in adoption that can continuously attract students' satisfaction.

In this questionnaire, four sub-criteria related to TML factors were
encompassed. “Security and privacy concerns (TML1)”, “Not ensuring equitable
access to digital resources (TML2)”, and “Barriers to teaching methods and strategies
(TML3), Challenges with implementing and using technology for education (TML4).
According to the evaluations carried out and extracted by students, the following sub-
criteria of TML from the most important to the least one include “Security and
privacy concerns (TML1)” (w=0.30), “Not ensuring equitable access to digital
resources (TML2)” (w=0.28), Barriers to teaching methods and strategies (TML3)”
(w=0.26) “Challenges with implementing and using technology for education
(TML4)” (w=0.14).

Among the Threats of mobile learning, Security, and privacy concerns, the
priority of these sub-factors lies in their divergence from other sub-criteria. In the
second step, three additional sub-criteria are considered. “Not ensuring equitable
access to digital resources (TML2)“, “Barriers to teaching methods and strategies
(TML3)”, and “Challenges with implementing and using technology for education
(TMLA4). However, with little difference, they are prioritized.

e Step6: Rank the Criteria

Rank the criteria based on their importance.
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Assessment of AHP weights and the ranking positions of main and sub-factors.
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Main Factors Weight Ranking Sub factors Weight Ranking
W) W)
Provide flexibility in 0.32 1
learning
Engage students in 0.30 2
Strengths of Mobile 033 learning
Learning (SML) ' Interactive and helpful in 0.25 3
learning
Facilitate access across 0.13 4
devices and platforms
Lack of support and 0.30 1
training
Weaknesses of Issues related to device 0.29 2
Mobile Learning 0.24 hardware
(WML) Require stable internet 0.26 3
connectivity
Distract students study 0.14 4
Tailor learning 0.31 1
experiences
Facilitate interaction 0.30 2
.\ among learners
Opp(.)rtumtles. of 0.26 Integrate new 0.26 3
Mobile Learning technologies into
(OML) o OF
earning.
Promote continuous 0.13 4
learning
Security and privacy 0.30 1
concerns
Not ensuring equitable 0.28 2
Threats of Mobile access to digital resources
Learning (TML) 0.17 Barriers to teachlng‘
methods and strategies 0.29 3
Challenges with
implementing and using 0.13 4

technology for education

Table 48 represents the main factors (Strengths, Weaknesses, Opportunities,

and Threats) and gives them weights based on their importance for mobile learning. A

list of each main factor's sub-factors, weights, and ranks exists. There are weights for

each factor or sub-factor that show how important it is to the total rating of mobile

learning. The scores show the value order for each main factor or sub-factor group,

such as the main factor in the strengths group, with a weight of 0.32. Regarding the
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main factors, “Threats of Mobile Learning (TML), The sub-factor “Security and
privacy concerns” is ranked as the biggest threat to mobile learning with a weight of
0.30. Overall, this table helps to understand the main and sub-factors that affect ML,
their importance, and how they are ranked by how they affect the success and

difficulties of mobile learning projects.
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Table 49

Weights Concerning Effective Factors Of The Adoption Of Mobile Learning
Applications

Rank Name Weight
1 SML1 0,315975
2 OMLI1 0,309846
3 TMLI1 0,303997
4 SML2 0,303305
5 WMLI1 0,303112
6 OML2 0,295439
7 TML2 0,289983
8 WML2 0,2892
9 TML3 0,26238
10 WML3 0,258706
11 OML3 0,255251
12 SML3 0,245797
13 WMLA4 0,14898
14 TML4 0,143638
15 OML4 0,139462
16 SML4 0,134921

Table 49 (continued)

As shown in Table 49 above, according to the Effective factors of adopting mobile learning
applications, SMLI1 is the priority. Next priorities are assigned to OML1, TML1 , SML2 ,
WMLI1,OML2 , TML2, WML2 , TML3 , WML3 , OML3 , SML3 , WML4 , TML4, OMLA4,
and SML4 according to the obtained weights.
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Figure 8

Priorities Concerning Effective Factors Of The Adoption Of Mobile Learning
Applications

PRIORITIES WITH RESPECT TO EFFECTIVE FACTORS OF THE
ADOPTIONS OF MOBILE LEARNING APPLICATIONS
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Figure 8 represents the priorities concerning effective factors of adopting
mobile learning applications.
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4.2 Discussion

Given the momentous changes in information technology worldwide, this
research aims to evaluate the factors that affect the adoption of mobile learning

applications in higher education.

The results on the strengths of Mobile Learning (SML) in our findings
highlight the need for flexibility in learning (SM1) as a first concern for mobile
learning acceptance. With a weighted mean of 0.33, SML is highly significant in
student adoption of mobile learning technologies. Furthermore, they emphasize that
their significant influence in improving mobile learning implementation are elements
under SML, including involving students in learning, interaction, and access across
devices and platforms. When we compare these results with the SWOT analysis data

of other online learning research, we notice certain parallels and contrasts:

Some research stresses the need for adaptability and involving students in their
education (Swanson, 2020) . Under the network background, the study's SWOT
analysis (Saienko, 2020) concentrates on the advantages of online education, like
diversified material and forms, smart playback alternatives, and creative thinking
skills. The fuzzy AHP scores in the study (Wang et al., 2022) prioritize these
characteristics depending on their importance in improving online learning during the

pandemic.

We may make the following contrasts between the weaknesses of Mobile
Learning (WML) and other studies concerning the SWOT analysis of online

education and E-Learning platforms:

In our findings, lack of support and training (WMLI1) is akin to the weak
practical function (W3) noted in online learning shortcomings (Wang et al., 2022) .
Both stress the need for enough support and instruction for good adoption and
application. In our findings, problems with device hardware (WML2) can be
paralleled with those experienced by students studying English through M-Learning
platforms needing excellent training to learn how to control the devices (Parnrod et al.,
2020). Both deal with technical elements that could impede the educational process.

Moreover, in our results, we can see that demanding consistent internet connectivity
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(WML3) corresponds to the concern of network instability cited in (Adzifome & Agyei,

2023). Both stress the need of consistent connection for flawless education.

Based on findings concerning the potential opportunities of Mobile Learning
applications (OML), we can compare them to other studies conducted on the same
theme, which gives us a more complete picture. As the primary criterion for the
applicability of OML in higher education using mobile learning application
technology considered in OML, the possibilities of the element from (Kacetl &
Jaroslav, 2019) match: Constructing own thought processes of the student or
developing the ability for students to think for themselves or encouraging active
learning. Second, it underscores how technology can enhance the process of education.
Regarding the opportunities identified by (Mohiuddin et al., 2021 ), a huge
contribution was made towards the acceptance of online learning; the weighted mean
for OML equals 0. 26, which suggests the effect of those factors on mobile learning
uptake. Both underline the issue of wasting the chances of getting successful

educational outcomes.

Furthermore, conjugant to the opportunities found in (Wang et al., 2022)
Specifically, the learning and critical thinking opportunities out of the four perceived
as significant and influential in adopting mobile learning applications are subfactors
that can be aligned with those for autonomous learning. Both researchers recognize
some aspects essential in raising the acceptance and efficiency of technological shore

learning.

We could also relate the Threats of Mobile Learning (TML) identified in
another published research. For example, the assessment unveiled security and
privacy concerns (TML1), similar to the insecure network lines cited. (Kacetl &
Klimova, 2019) and data theft, as noted in the context of online learning(Wang et al.,
2022). Both stress that if we are to ensure that a classroom will always be safe or free
from acts of espionage, then concerns about privacy and security must always be
addressed. Not promoting the fair utilization of PAI for access to digital resources
(TML2) could be compared to the threat of unfair digital access, particularly in rural
areas (Kacetl & Klimova, 2019). Both are involved with the questions of openness to
achieving the learning material and options. Furthermore, regarding teaching

approaches and techniques (TML3), there is no explanation of what a practical
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function is (Wang et al., 2022)., which is useful to elaborate on the challenges we
identified here. Both underscore the challenges that have to be undertaken for the

enhancement and achievement of effective teaching and learning practices

CHAPTER 5
CONCLUSION AND RECOMMENDATIONS

This chapter discusses an overview of the research studies on adopting mobile

learning applications and offers guidelines.

5.1 Conclusion

In conclusion, by applying the fuzzy AHP analysis to rate the factors, the
study established the most influential factors that hindered the use of mobile learning
applications. The acknowledgment indicates that the study gives an important insight
into the key success factors of mobile learning resources regarding acceptance and
adoption in higher learning institutes. Furthermore, the findings of this research
provide students, instructors, decision-makers, and developers with practical
implications that can be utilized to improve the development, implementation, and
marketing of mobile learning applications. Through a comprehensive of the
prioritized factors that impact adoption, the stakeholder can customize strategies to
effectively address particular challenges and take advantage of their strengths to
facilitate the easy integration of mobile learning resources.

The study can be considered to enhance what has been written as it offers a
framework and a time-honored approach to analyzing how people engage with mobile
learning applications. The outcomes generated were proposals regarding ideas as a
premise for the subsequent investigations and initiatives to enhance mobile learning in

students to promote improved student performance and experience.

5.2 Recommendations

Further studies should, therefore, continue being conducted on mobile learning
apps to see how they influence long-term use in different settings. They should also
consider how effectively several approaches address such issues as privacy and
security, availability of equipment, and pedagogy. Last, they must explore how

advanced technologies such as Al and AR can help enhance the learning process. It is
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also necessary to understand how institutional policies support and professional
development further influence the effective deployment of mobile learning
technologies in higher learning institutions. This way, understanding stakeholders’
sentiments and their desire to incorporate mobile learning apps can be useful in
creating user-oriented products.

Adhering to these recommendations will, essentially, gather more information
about the factors that lead to the use of mobile learning applications in education

systems.
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Appendix B

Survey: Strengths, Weaknesses, Opportunities, and Threats of Mobile Learning Applications
Brief description of the purpose’s study:

The study aims to investigate and rank the factors that affect the adoption of mobile

learning applications by using multi-criteria decision-making techniques.

Part 1: General Information
Gender:
Male :l Female |:|

Age:

Under 18 [ ] 1820  [_] 2123 [ 2425 ]

Education Level:

Undergraduate I:I

How often do you use mobile learning applications?
Daily Several times a week |:| Once a week |:| Rarely or never I:l
Field of the study

Part 2: Evaluation of Criteria

Please rate the following criteria based on their importance for mobile learning applications. Use the Fuzzy AHP
scale (1-5) to indicate the relative importance of each criterion compared to the others.

Scale descriptions: 1= Equal, 2= Weakly important, 3= Strongly more important, 4= Very strongly important,
5= Extremely more important.

Q Main factor Fuzzy Scale Main factor
Ql Strength of mobile learning (SML) 1213 5 Weaknesses of mobile learning (WML)
Q2 Strength of mobile learning (SML) 12(3]4]5 Opportunities of mobile learning (OML)
Q3 Strength of mobile learning (SML) 12(3]4]5 Threats of mobile learning (TML)
Q4 Opportunities of mobile learning (OML) 123|415 Weaknesses of mobile learning (WML)
Q5 Opportunities of mobile learning (OML) 12(3]4]5 Threats of mobile learning (TML)
Q6 Threats of mobile learning (TML 21213415 Weaknesses of mobile learning (WML)
Q Sub-factor Fuzzy Scale Sub-factor
Q7 Using the mobile learning application provides 1{2]3]|4]| 5] Ifindthe mobile learning application engaging for my studies
flexibility in your learning (SML1) (SML2)
Q8 Using the mobile learning application provides 1 |2] 3] 4] 5| The mobile learning application is interactive and helpful in my
flexibility in your learning (SML1) learning (SML3)
Q9 Using the mobile learning application provides tlalslals I can easily access the mObllfsllf/?]irX)rlg application for my studies

flexibility in your learning (SML1)

Q10 I find the mobile learning application engaging 1 12| 3]| 4| 5| Themobile learning application is interactive and helpful in my

for my studies (SML2) learning (SML3)
Q1| 1 find the mobile learnin_g application engaging Llalslals I can easily access the mObﬂ?SlK/e[l]ljill)ng application for my studies
for my studies (SML2)
. . T . I can easily access the mobile learning application for my studies
Q12| The mobile learning application is interactiveand | 1 | 2 | 3 |4 | 5 (SML4)
helpful in my learning (SML3)
Q13 I feel the mobile learning application lacks 1{2(3]4]5 I have encountered problems with hardware when using the
support and training (WML1) mobile learning application (WML2)
Ql4 I feel the mobile learning application lacks 11213415 The mobile learning application requires stable internet
support and training (WML1) connectivity (WML3)
Q15 I feel the mobile learning application lacks 1|2 3] 4] 5|Themobile learning application sometimes distracts me from my
support and training (WML1) studies (WML4)
Q16| Ihave encountered problems with hardware when | 1 | 2 | 3 | 4 | 5 The mobile learning application requires stable internet
using the mobile learning application (WML2) connectivity (WML3)

Q17| Ihave encountered problems with hardware when | 1 | 2 | 3 | 4 | 5 |The mobile learning application sometimes distracts me from my
using the mobile learning application (WML2) studies (WML4)
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Q18| The mobile learning application requires stable 5 | The mobile learning application sometimes distracts me from my
internet connectivity (WML3) studies (WML4)
Q19 The mobile learning application offers 5| The mobile learning application facilitates interaction among
personalized learning experiences. (OML1) learners (OML2)
Q20 The mobile learning application offers 5 The mobile learning application Integrate new technologies into
personalized learning experiences. (OML1) learning (OML3)
Q21 The mobile learning application offers 5| The mobile learning application supporting lifelong learning
personalized learning experiences. (OMLI1) (OMLA4)
Q22 The mobile learning application facilitates 5 | The mobile learning application Integrate new technologies into
interaction among learners (OML2) learning (OML3)
Q23 The mobile learning application facilitates 5| The mobile learning application supporting lifelong learning
interaction among learners (OML2) (OML4)
Q24 The mobile learning application Integrate new 5| The mobile learning application supporting lifelong learning
technologies into learning (OML3) (OML4)
Q25| Iam concerned about security and privacy when 5| The mobile learning application does not adequately address
using the mobile learning application. (TML1) differences in access to technology (TML2)
Q26| Iam concerned about security and privacy when 5 I have experienced challenges with the mobile learning
using the mobile learning application. (TML1) application's teaching methods (TML3)
Q27| Iam concerned about security and privacy when 5 | The mobile learning application does not handle technical issues
using the mobile learning application. (TML1) well (TML4)
Q28 The mobile learning application does not 5 I have experienced challenges with the mobile learning
adequately address differences in access to application's teaching methods (TML3)
technology (TML2)
Q29 The mobile learning application does not 5 | The mobile learning application does not handle technical issues
adequately address differences in access to well (TML4)
technology (TML2)
Q30 I have experienced challenges with the mobile 5 | The mobile learning application does not handle technical issues

learning application's teaching methods (TML3)

well (TML4)
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