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ABSTRACT

Universities have focused on learning outcomes as a metric for evaluating the quality assur-
ance of educational systems. However, due to the absence of a clear guide on measuring out-
comes and analysing them accordingly to improve the educational cycle, educators struggled
to efficiently and effectively address shortcomings. By proposing a new framework, this study
fills this gap and provides a guided approach to measuring learning outcomes in the context of
university e-learning systems. Facilitated by a comprehensive research literature review of 102
articles, filtered from 271 articles using the PRISMA method, the opinions of five experts regard-
ing e-learning systems and their outcomes were analysed using the analytical hierarchy process
(AHP) to provide priority rankings. Teaching methods, teaching quality, learning environment,
and students emerged as the main factors, along with their sub-factors. Moreover, our experts
from diverse educational and geographical backgrounds provide added value, enabling the
framework to be implemented across various environments and fields. Ultimately, this frame-
work accurately measures sub-factors to identify the strengths and weaknesses of educational
variables. The proposed framework is a step in the right direction, enabling the design of a
suitable system that takes into account users’ needs when assessing e-learning outcomes.
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1  INTRODUCTION

Due to the global pandemic caused by COVID-19, the demand for e-learning
increased drastically as most institutes relied on online learning to deliver their
course content, lectures, exams, etc. [1], [2]. This development brought great bene-
fits, such as offering students an easier way to navigate all aspects of their education,
providing them with a greater opportunity to engage in the technological aspects of
teaching, and acclimating them to the online world. In some ways, the events caused
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by COVID-19 revolutionised education as a whole, and specifically online learning,
as developers and designers were obliged to improve the services and facilities pro-
vided to institutions and their students.[3] Educational institutions operate online
through platforms such as Blackboard, Microsoft Teams, and others to provide suf-
ficient resources to students, enabling them to meet their educational requirements
and achieve their qualifications without any complications. However, this does not
mean that there are no difficulties. The lack of familiarity of some societies with the
use of the Internet has created problems for educational institutions [4], [5]. These
problems include the absence of specific criteria to evaluate the educational process
and insufficient time for training. These problems confirm the need for a framework
model that assists in evaluating e-learning outcomes.

E-learning essentially provides students with a 24-hour educational service
where they can access all their course materials in one system [6]. Additionally,
they can review recorded seminars and lectures to revisit key points they may have
missed or to reinforce the information conveyed by the lecturer. In addition, stu-
dents using these platforms can easily track their online educational progress, as
well as their performance on their exams and quizzes, without needing to contact
a staff member [7]. However, the process of measuring the factors that influence
e-learning outcomes has not been adequately assessed. More research and advance-
ments are necessary to ensure that online learning reaches its maximum potential.
Once these factors are identified, educational institutes can adjust certain aspects of
their programme to accommodate all individuals involved in the educational pro-
cess and provide the best possible facilities. These gaps in research confirm the need
for a framework model that assists in evaluating e-learning outcomes.

Certain questions arose during this study, prompting research to address them:

RQ1. What are the main factors that can influence the evaluation of learning
outcomes when using e-learning systems?

RQ2. What are the sub-factors that can influence the evaluation of learning
outcomes when using e-learning systems?

RQ3. How can we classify factors based on the priority of e-learning systems
when measuring learning outcomes?

RQ4. What is the relationship between the factors that can influence the
measurement of e-learning systems?

These questions serve as a guide for researchers, enabling a clear understanding
of the factors that influence e-learning outcomes. This understanding is crucial for
enhancing the effectiveness of educational programmes and curricula. Answering
the first question allows the researcher to identify the primary factors influencing
the evaluation of learning outcomes in e-learning systems. This information pro-
vides educators with the key elements that affect learning outcomes, allowing them
to focus on these factors when assessing learning outcomes. The second question
breaks down the variables that constitute these main factors to offer the reader a
clear understanding of the factor’s scope. Question three explores the classification
of factors based on. By identifying these factors in order of importance, educational
institutions can tailor their strategies to enhance student performance and ultimately
fulfil learning outcomes. The final question explores the relationship between factors
that influence the measurement of e-learning outcomes. This study contributes to a
comprehensive understanding of the relationship between these factors and how
they mutually influence each other. Therefore, incorporating a holistic approach to
educational planning is essential to ultimately achieving e-learning outcomes.
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While most other studies investigate e-learning outcomes, this study aims to
explore the factors influencing those outcomes during evaluation and to create a
framework model that can track the progress of each factor. Offering a theoretical
model makes it easier for individuals interested in the educational process to iden-
tify the strengths and weaknesses of their systems. This enables them to address
deficiencies in educational outcomes and enhance them in the future, rather than
relying on general systems that do not offer insightful data on academic perfor-
mance. The study addresses the research gap related to the absence of a scale that
measures the significant impact of e-learning outcome factors. It utilises the ana-
lytical hierarchy process (AHP) tool, offering a systematic guide for developers and
researchers to improve effectiveness and efficiency.

The remainder of this paper is organised into the following sections: a compre-
hensive literature review to establish a strong foundation for the results obtained by
this research; a methodology breaking down the steps taken to generate the findings
of this study; a results and discussion section analysing the data gathered while pro-
viding rationale and logic for the outcomes of this study and a conclusion followed
by limitations and potential future areas of research.

2  LITERATURE REVIEW
2.1 Tools to measure variables effecting e-learning systems

Many software programmes and systems fail to achieve their goals because their
developers neglect to consider the research findings of previous studies or prioritise
the requirements of end users and their needs adequately. There are many tools avail-
able to measure various variables that may impact educational learning systems.
For example, some studies used the DeL.one and McLean information model [8] to
measure complex dependent variables in information systems, while others utilised
the transferable learning orientations (TLO) tool to assess the propensity for lifelong
learning [9, 10]. Other studies have utilised the technology acceptance model (TAM)
to assess user acceptance of information technology [11], including system learning
tools. The expectation-confirmation model (ECM) also investigates how individuals
adapt to e-learning systems and continue using them [12]. However, all these meth-
ods and models aim to measure general factors that could influence e-learning sys-
tems rather than learning outcomes. According to our knowledge, this is the first
attempt to determine the main factors that influence the measurement of learning
outcomes when using e-learning platforms.

2.2 Learning outcomes definition

There are many definitions of the term “learning outcomes” that can be classified
based on the purpose for which it is used. According to [13], a learning outcome
is a “written statement of what the successful student or learner is expected to be
able to do at the end of the module, course unit, or qualification.” Meanwhile, [14]
defined a learning outcome as “the specification of what a student should learn as
the result of a period of specified and supported study.” Additionally, there are differ-
ent perceptions of the term based on how learning outcomes are utilized. Learning
outcomes, however, can help measure effectiveness and accountability, as well as
guide curriculum planning and development; these are the key functional categories
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of learning outcomes. Hence, there are two ways to evaluate learning outcomes:
directly and indirectly. The direct method would involve using a standardised test,
while the indirect method would include analysing graduation rates, conducting
surveys of alumni, and tracking the number of students who apply to postgraduate
courses. Nevertheless, this is not the right way to measure students’ learning and the
skills they gain from their education during their studies [15].

2.3 E-learning

The definition of e-learning is still ambiguous, and there is no internationally
agreed-upon definition yet. While some define e-learning as a flexible, interac-
tive, self-paced, and elaborate pedagogical method that introduces educational
approaches using a wide variety of platforms [16], others define it as “learning sup-
ported by digital electronic tools and media” [17].

The correlation between the use of e-learning systems and its consequences in
relation to the influence of oversight is discussed by [18]. In this study, Islam concep-
tualises e-learning outcomes based on academic achievement, perceived learning
assistance, and various other factors. He concluded that he did not regulate the two
connections. E-learning heavily relies on two main foundations, i.e., digital technol-
ogy and internet applications. These foundations utilise various tools based on the
environment, Internet speed, and the quality of technology. They are used for teach-
ing through media, virtual settings, and communication platforms. Schools and uni-
versities utilise e-learning through regular courses or semesters, allowing students
to engage with the programmes offered by their institution.

[19] examined the factors influencing the implementation of e-learning elements
that affect student satisfaction with the use of e-learning in Jordan through an inte-
grated model. They concluded that five main factors affect student satisfaction, includ-
ing computer self-efficacy, system quality, perceived ease of use, usefulness, and
information quality. However, their study did not address how user satisfaction can be
measured in terms of these five factors. This emphasises the importance of developing
a model that can measure the factors influencing the outcomes of e-learning systems.

According to scanning electron microscopy (SEM) analysis, a student’s approach
to learning has a significant effect on their perception of it [20]. Conversely, stu-
dents’ attitude towards learning was not statistically significant in relation to the
surface approaches (p > .05). Results show that high levels of academic perfor-
mance are not necessarily related to educational levels of motivation and percep-
tion; however, autonomous learners had better perceived learning outcomes. These
outcomes provide a solid foundation, proving that students’ educational motivation
and perception are independent of their performance in an online learning envi-
ronment. A certain perspective on this scenario suggests that this phenomenon can
be explained by variations in perception and execution of learning. The former is
norm-referenced, while the latter is criteria-referenced.

[21] presents a theoretical model to assess the impact of readiness variables on
the relationship between e-learning factors and outcomes. According to the data, the
most significant factor influencing e-learning outcomes is organisational readiness,
and the most essential aspect is the motivation and training of instructors. These
findings have the potential to assist all parties involved in the educational aspect of
e-learning systems.

[22] investigated the factors that could hinder or support university students’
utilisation of e-learning technologies. According to the findings, performance
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expectations, social influence, habits, and other factors all had a significant impact
on behavioural intention (BI). The elements are recognised as essential in under-
standing the adoption of technology.

The purpose of the study conducted by [23] was to explore different forms of
training or teaching activities that enhance learning satisfaction and to determine
how employee satisfaction can be improved through the use of e-learning systems.
The findings revealed that the four factors (technology, educational content, moti-
vation, and attitude) all had a significant impact on employees’ satisfaction with
learning. This study, despite its importance, did not provide a clear framework or
methodology for effectively measuring these four factors.

[24] applied structural equation modelling to analyse intrinsic and extrinsic moti-
vation, as well as self-regulated learning strategies, in relation to student satisfac-
tion and perceived educational learning outcomes. Intrinsic factors had a greater
influence on e-learning outcomes than extrinsic factors. However, this study did not
address specific methodologies for measuring the effects of these factors in evaluat-
ing learning outcomes through e-learning systems.

In their study, [25] investigated the variables that influence the integration of
e-learning systems (ELS) in all settings by employing an augmented technology
acceptance model (TAM). Results confirm the significance of subjective norms on
perceived usefulness, as observed in the original TAM findings. These findings indi-
cate an expanded TAM for ELS. This study enhances the theory and lays the ground-
work for understanding students’ e-learning system adoption behaviours, which
are effective. However, this double-edged sword means that it focuses on patterns
rather than identifying key factors influencing learning outcome measurements.

[26] investigated factors influencing the adoption of e-learning courses in elemen-
tary and secondary schools in the Czech Republic. The teachers’ voluntary engage-
ment and positive expectations significantly influenced the acceptance of e-learning
courses. Emphasising psychological elements is crucial, as opposed to characteristics
such as teachers’ age, teachers’ gender, school type, and so on, which had no signifi-
cant impact. This study focused solely on the role of the teacher without considering
other factors.

[27] empirically examined seven key factors: culture, expertise, support, ease of
use, computer self-efficacy, content, and reliability. Regression analysis revealed that
support, ease of use, reliability, computer self-efficacy, and culture have a signifi-
cant impact on e-learning outcomes, while the other two factors showed no signif-
icant effect. Principal component analysis and the LMS method identify technical
support as the most significant factor influencing web-based education. The study
contributes by highlighting the complexity of measuring external factors, including
technical aspects, culture, and usability issues.

[28] utilised the Biggs-Moore learning model to evaluate students’ perceptions of
e-learning variables. The perceived learning outcomes in e-learning consider effec-
tiveness, quantity, and productivity. According to the results of this research, collab-
orative efforts combined with critical thinking help to identify that process variables
are influenced by the initial perception of e-learning, which in turn directly and
indirectly affects perceived e-learning outcomes.

Environment, learners, courses, instructors, design, and technology form the
six dimensions of the integrated model developed by [29]. This model reveals
which factors promote successful e-learning. The results revealed the critical fac-
tors influencing a learner’s perceived satisfaction. These factors include diversity,
perceived usefulness, ease of use, instructor attitudes toward e-learning, flexibility
and quality, and learner computer anxiety. The flaws revealed in the study could
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serve as a foundation for institutions to improve their e-learning implementation.
This research’s strength lies in providing insights into the factors that influence stu-
dent satisfaction. However, it did not offer a model to quantify the impact of these
factors on student satisfaction.

Some studies discussed the extent of student satisfaction, the acceptance of
electronic platforms, and their impact on student outcomes [30, 31, 32, 33, 34].
Nevertheless, these studies did not provide an organised framework that can be
referenced when trying to determine student satisfaction or how they impacted stu-
dent outcomes, which resulted in a lack of accuracy and practicality.

The TAM is a suitable theoretical framework for comprehending user acceptance
of e-learning [35]. E-learning was the most important concept for explaining the
model’s causal process. Perceived usefulness, technical support, computer anxi-
ety, self-efficacy, social influence, enjoyment, system interactivity, and many other
factors influence behavioural intention in the use of e-learning. The results of this
research revealed practical difficulties for the relevant leaders, their target audience,
and developers in these projects concerning the overall success of e-learning [36].

Previous research has primarily concentrated on identifying factors influencing
e-learning outcomes without proposing a methodology, even in theory, for evalu-
ating these outcomes based on the factors. This lack of a clear evaluation method
hinders the ability to measure e-learning outcomes accurately, which in turn lim-
its opportunities for enhancing and advancing e-learning outcomes. Furthermore,
there is no specific model that can be practically relied upon to measure the learning
outcomes of e-learning by monitoring the influencing factors. The aforementioned
gaps in research serve as the foundation for this study to achieve its goals.

3 METHODOLOGY
3.1 Overview

This study utilises two data collection methods: a literature review of previ-
ous studies and expert evaluation through AHP. These methods allowed the study
to identify and evaluate the factors impacting university e-learning outcomes.
Initially, a comprehensive literature review of previous studies was conducted to
gather and assess the information. This review identified four main factors and a
total of 19 sub-factors that influence e-learning outcomes. Afterwards, the experts
evaluated the sub-factors influencing e-learning outcomes by completing the AHP
questionnaire to determine the importance of each sub-factor gathered from the
literature review [37, 38]. Once the rankings of these sub-factors were rearranged,
the official framework model was established. The following sub-sections discuss
these steps in detail.

3.2 Data from previous studies to preliminarily establish the proposed
framework model

Previous studies’ evidence was extrapolated to assist in assessing our data and to
underscore the evaluation’s strength, ensuring its reliability and effectiveness. This
study involved the analysis of a total of 271 studies through various steps and crite-
ria. The first step was to search for research articles related to our study by includ-
ing keywords in the search bar, such as e-learning outcomes, learning outcomes,
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outcomes, factors, learning outcome factors, e-learning interfaces, etc. This search
was conducted on specific publishing sites to gather reliable and relevant data.
These websites included PubMed, ACM, Google Scholar, Springer, and Elsevier.
Throughout the data-gathering process, 169 research articles were dismissed
because the researcher deemed them unclear, realised that they did not include
factors affecting e-learning outcomes, or determined that they were not within the
scope of this study. The remaining 102 articles were thoroughly examined and ana-
lysed to identify recurring factors that were continuously mentioned. The criteria
for selecting these research studies include relevance to this study, the presence of
specific keywords, and the accessibility of the full article to the researcher. Figure 1
illustrates the systematic review of this paper following PRISMA guidelines.

[ Identification of studies via databases |
Y
Records identified from
§ Databases on initial research (n = Records removed before
271) Screemmg:. .
Google scholar: (n=81) . DuPllcate_ records
PubMed (n = 105) removed (n = 36)
Others (n = 85) Records removed for
other reasons (n=13)
S
T
Records screened after mesh ) Records excluded
search (n=202) m=61)
l Reports excluded: n=39
Reason 1 not include
Reports assessed for eligibility lfactox.'s affecting =
(@=141) S 3eoairmng outcomes (n =
t Reason 2 full articles
R not available (n =9)

Studies included in review
m=(102)

Fig. 1. PRISMA 2020 flow diagram for updated systematic reviews that included searches of databases

Through a literature review, this study identified four main factors for assess-
ing university e-learning systems and their outcomes: teaching methods, teaching
quality, learning environment, and students. However, these factors alone are gen-
eralised and might be ambiguous to educators, curriculum developers, educational
administrators, and so on, due to the lack of specificity. Therefore, to further clarify
the components of the main factors, sub-factors were established using the same
method. This enables our proposed framework model to be utilised and applied
more widely across various fields and educational domains, thereby increasing the
relevance of this research. Table 1 presents the primary factors identified from the
literature review, accompanied by a concise description, relevant sub-factors, and
the corresponding references used to collect each factor.
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Table 1. Main factors with their relevant description, sub-factors, and references for the proposed framework model

Main Factor Description Sub Factor References
Teaching Methods “Teaching methods denote various strategies that the teacher uses to Teaching Style (40, 41, 42, 43,
deliver his/her subject matter to the students in the classroom based on the 44 45, 46,47, 48]
Instructional objectives to bring about learning.” [39] Quizzes and [49, 50, 51]
Assignments
Type of Exam [52, 53]
Questions
Teaching Quality “The quality of interactions between students and teachers; while teacher | The Quality of Syllabus [55, 56]
quality refers to the quality of those aspects of interactions that can be -
attributed to the teacher.” [54] e I G o 157, 5]
Teacher’s Experience [59, 60]
Course Contents [61, 62]
Learning “Learning environments are the material and social conditions that Facilities [64, 65, 66]
Environment provide learners with opportunities to learn.” [63] Location [67, 68, 69, 70]
Level of Infrastructure [71,72,
Availability 73,74, 75]
Student “Housing quality, purchasing power: transportation services and goods, Students Economic [77,78,79, 80,
number of household members.” [76] Background 81, 82, 83]
Students’ (84, 85, 86,
Performances 87, 88, 89]
Attendance [90, 91, 92, 93]
“Learning motivation as the intention or desire of students participating Leaning motivation [95, 96, 97,
and devoting to learning, which was performed on students’ selection for 98, 99, 100]
ngls;ﬁce lea[réli?g activities and the strength to continuously devote to such Friends & Families (101,102, 103,
: 104, 105, 106]
“The student concentration is the percentage of minority students in the Concentration (108,109, 110]
school and the district where the teacher works, while the segregation of :
students measures the racial and ethnic student distribution across schools Personal Skills [111, 112, 113]
within the district.” [107]
Cooperative learning is “the instructional use of small groups so Cooperative Learning [115, 116,
that students Work together to maximize their own and each other’s 117,118]
Learning.” [114]
“The perception of enjoyment and accomplishment in the learning Satisfaction (120,121,
environment.” [119] 122,123, 124]
3.3 Expertselection criteria
According to Nielsen, the optimal number of experts who should participate in a
heuristic evaluation is three to five [125], as he believed that including more experts
would not prove to be useful. Therefore, this research gathered five experts (refer
to Table 2) through a rigorous selection criteria process. The criteria for selecting
our expert recruits included experience in teaching through university e-learning
systems, a diverse range of specialties (such as human-computer interaction, soft-
ware engineering, and usability evaluation), and varied geographical teaching envi-
ronments (including Algeria, Saudi Arabia, and the UK). This was done to gather
valuable feedback by evaluating the factors that influence e-learning outcomes.
130 International Journal of Engineering Pedagogy (iJEP) iJEP [Vol. 14 No. 5 (2024)
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All experts in this study hold a PhD qualification in their relevant areas of expertise
and have demonstrated e-learning experience by publishing at least one research
study in this field.

Table 2. Expert demographics

Experts Age Gender Speciality Position Experience Country

1 43 | Male Software Engineering | Lecturer 15 years Algeria

2 47 | Male Usability Evaluation | Senior Lecturer 22 years Saudi Arabia

3 53 | Male Usability Evaluation | Vice Dean of 26 years Saudi Arabia

Distance Learning

4 39 | Male Human Computer Lecturer 10 years United Kingdom
Interaction

5 54 | Male Human Computer Senior Lecturer 24 years United Kingdom
Interaction

The decision to recruit experts from various fields of expertise is crucial to ensur-
ing a comprehensive evaluation of our proposed model based on their personal
experiences and domain knowledge. HCI users provide more insightful feedback
on user experience, interface design, and usability, among other factors, all of which
are essential in categorising the level of importance of our factors. On the other
hand, software engineering experts added more relevance to the results because
of their extensive knowledge of system robustness, reliability, stability, and func-
tionality. Experts specialising in the field of usability evaluation assess effectiveness,
efficiency, interface design, and user satisfaction from a user-centric perspective.
Their feedback primarily focuses on the ultimate goal of the system, which is to
enhance user engagement, satisfaction, and content retention, thereby improving
learning outcomes. Overall, the abundance of these different perspectives during
the evaluation of the proposed model of our learning outcomes enables a more
holistic assessment. It acknowledges multiple fields of expertise, thereby strength-
ening the reliability and enhancing the value of our research while eliminating dis-
ciplinary bias.

The emphasis on gathering experts from different regions is significant for this
research. Different cultures and socio-economic backgrounds shape perspectives
on evaluation in the fields of usability, HCI, education, and other related areas.
This approach provides a comprehensive view of the proposed learning outcome
factors. The diverse behaviour patterns observed in various regions worldwide con-
tribute to the comprehensive evaluation data provided by these experts, making the
research globally relevant by eliminating geographical bias.

Last but not least, the main criteria for selecting these participants include cur-
rent teaching positions at universities, along with previous and current involvement
in researching and teaching through university e-learning systems, to ensure their
relevance to this study. Given the dynamic nature of the e-learning field, the practical
experience and ongoing engagement of our experts will offer up-to-date and directly
relevant insights for our research. By collecting input from teachers who are actively
implementing learning outcomes, we aim to enhance the likelihood of today’s stu-
dents achieving these outcomes. The results of this research will ultimately benefit
educators by enabling them to break down learning outcomes into factors and their
relevant sub-factors. This systematic approach will help ensure optimal results in
the classroom.
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3.4 Ranking the level of importance of the variables in our model
via AHP analysis

This study established a preliminary conceptual framework based on a thor-
ough literature review. The framework includes factors and sub-factors that assess
e-learning systems and their corresponding outcomes. To assess the importance of
these factors and further validate our framework model, we gathered five experts
to evaluate this model and assist in extracting the priority rankings of this proposal.
Based on their valuable experience and current outlook on university e-learning sys-
tems, the results of their evaluation are crucial for establishing an accurate frame-
work model. This categorization based on importance would enable developers to
address the issues identified in their system chronologically, prioritising variables
based on their significance. This approach would enhance the effectiveness and effi-
ciency of their problem-solving process.

Assigning rankings to the elements of our model provides it with a unique level
of reliability and effectiveness. This allows learning outcome evaluators, educators,
curriculum developers, and others to systematically follow the model and evalu-
ate various aspects of their e-learning systems’ learning outcomes based on the
importance level of each variable. A strategic, directed, and focused approach that
prioritises influential sub-factors facilitates the effective and efficient achievement
of desired results. To achieve this goal, researchers use AHP, an online statistical
analysis tool (https://bpmsg.com/ahp/index.php) that focuses on pairwise compari-
sons of subjective criteria [126], [127]. In the context of this research, the sub-factors
are considered subjective criteria, while the main factors are objective criteria.
In AHP terminology [128], [129], the decision hierarchy consists of level 0, represent-
ing the objective criteria, and level 1, representing the subjective criteria. Level 0 can
contain only one variable, whereas level 1 can contain multiple variables prone to
changes in rankings of importance [130]. Therefore, each factor and its correspond-
ing sub-factors are individually assessed to determine their significance within their
respective categories.

The AHP questionnaire presents the user with the question, “Which criterion is
more important, and by how much on a scale of 1 to 9.” The scale spans from one
to nine, where one signifies “equal importance” and nine signifies “extreme impor-
tance.” Table 3, illustrating the basic scale of pairwise comparison devised by the
founder of AHP, delineates the complete scale employed in this statistical method-
ology. This table was presented to the experts during the evaluation to guide them
in their scoring tasks. As a pairwise comparison tool, each sub-criterion is mea-
sured sequentially against another. Therefore, using the Gauss formula [131, 132,
128], which is a simple mathematical formula discovered by Gauss, helps deter-
mine the sum of a series under investigation. It is calculated using an algebraic
formula where ‘n’ represents the number of variables that the user inputs into
the AHP [126, 133]. We can determine the number of questions each expert will
answer during the experiment. In this research, each expert will answer a total
of 48 questions: three questions on teaching methods, six questions on teaching
quality, three questions on learning environment, and 36 questions on the category
of students. For each main factor project completed with AHP, the user is provided
with a consistency ratio, which determines the reliability of the dataset by compar-
ing the judgements of the experts for each section. A value of more than 10% rep-
resents unreliable data, whereas the closer the value is to zero, the more reliable
the dataset becomes.
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Table 3. Fundamental scales for AHP pairwise comparisons (Saaty 1987)

Intensity of
Importance on Definition Explanation
an Absolute Scale

1 Equal importance Two activities contribute equally to
the objective

3 Moderate importance of one over another Experience and judgement strongly
favour one activity over another

5 Essential or strong importance Experience and judgement strongly
favour one activity over another

7 Very strong importance An activity is strongly favoured,
and its dominance demonstrated
In practice

9 Extreme importance The evidence favouring one activity

over another is of the highest
possible order of affirmation

2,4,6,8 Intermediate values between the two adjacent | When compromise is needed
judgements
Reciprocals If activity 1 has one of the above numbers

assigned to it when compared with activity
J, then j has the reciprocal value when
compared with i

Rationales Ratios arising from the scale If consistency were to be forced by
obtaining n numerical values to
span the matrix

4  RESULTS AND DISCUSSION

The results of this study, derived from the literature review and AHP, pinpoint
the most important factors affecting e-learning outcomes. This paves the way for
the final form of our proposed framework model. Furthermore, consistency ratios,
which represent the reliability of the data, add value to our results. Table 4 displays
the detailed AHP analytical results provided by the experts for each factor and its cor-
responding sub-factors. The following sections will discuss each category in detail.

Table 4. AHP results of expert evaluation

Main Factor Sub-Factor Priority (%) Rank Consistency Ratio (%)

Teaching Style 61.5% 1

Teaching Methods | Quizzes and Assignments 6.6% 3 0.1%
Types of Exam Questions 31.9% 2
Quality of Syllabus 6.2% 4
Teacher’s Experience 25.7% 2

Teaching Quality 1.1%
Teacher Interaction 61.4% 1
Course Contents 6.7% 3

(Continued)
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Table 4. AHP results of expert evaluation (Continued)

Main Factor Sub-Factor Priority (%) Rank Consistency Ratio (%)
Facilities 32.3% 2
Igealrning Location 58.8% 1 19%
nvironment Level of Infrastructure 8.9% 3
Availability
Students Economic 2.3% 7
Background
Students Performances 22.0% 2
Attendance 31.2% 1
Learning Motivation 4.0% 6
SIS Friends and Families 2.1% 8 S
Concentration 2.1% 8
Personal Skills 4.9% 5
Cooperative Learning 14.6% 4
Satisfaction 16.8% 3

4.1 Teaching methods

The category of teaching methods encompasses the techniques and procedures
that lecturers and professors use to deliver the intended curriculum content to their
students [134]. However, due to the various approaches that can be undertaken, the
degree of importance varies [135]. Based on a comprehensive literature review, this
research identified three sub-factors (teaching style, quizzes and assignments, and
types of exam questions), which were subsequently evaluated by experts using the
AHP. Analytical results reveal that, according to expert evaluation, teaching style is
the most important element in this category, with a priority percentage of 61.5%,
followed by the types of exam questions, which received a score of 31.9%. On the
other hand, according to the analytical results, quizzes and assignments are the least
impactful factor in this category, attaining only 6.6% priority through AHP. The low
priority percentage in this section may be related to the use of quizzes and assign-
ments, which vary across universities depending on the course requirements. For
example, in a language course, students are required to submit assignments that
carry more weight, whereas in science-related courses, priority is given to practical
skills and exams. Therefore, the impact of this factor on overall learning outcomes
varies. Further reliability is provided to the main factor “teaching methods” by the
consistency ratio, which was almost perfect (0.1). These results align with the evi-
dence gathered from the literature review, as numerous research articles endorse
the notion that teaching style and the types of exam questions are crucial [136, 137,
138, 139]. Types of exam questions that rank second in terms of priority can be
explained as an influential determinant of learning outcomes. Exams display sta-
tistical figures that can be used to assess the level of understanding of the students.
Therefore, providing the appropriate type of questions for the students’ level is cru-
cial for evaluating their achievement of the learning objectives.
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4.2 Teaching quality

As per the comprehensive literature review, teaching quality is divided into
four sub-factors: syllabus quality, teacher’s experience, teacher interaction, and
course content. As a continuous process across all sub-factors, experts evaluated
them according to their level of importance using the AHP. The results demon-
strate that teacher interaction is the most important sub-factor (61.4%), followed by
the teacher’s experience (25.7%), course content (6.7%), and syllabus quality (6.2%).
According to previous studies [53, 54], the first three sub-factors in the rankings
can be assessed through surveys, simplifying the measurement of their impact on
learning outcomes in e-learning systems. On the other hand, scoring syllabus qual-
ity as the least important sub-factor supports previous studies [50, 52] and adds
reliability to the findings of this research. A high level of reliability was achieved,
as this section attained a consistency ratio of 1.1%. As indicated in the literature
review from various sources, teacher interaction emerges as a clear priority in this
section. The influence of the teacher’s relationship with the student on their moti-
vation to achieve learning objectives and the level of involvement expected from
students during teaching seminars is significant. Although the teachers’ experience
ranked second, it still holds significance in determining the achievement of learning
outcomes. Teachers can utilise their past experiences in current scenarios, thereby
increasing the probability of fulfilling learning outcomes. In addition, course con-
tents influence the level of learning objectives. Providing course materials that are
too challenging for students to comprehend based on their current level of knowl-
edge can be demoralising and further impede students’ progress.

4.3 Learning environment

The learning environment is defined as a combination of social conditions and
materials that provide students with the prospects and opportunities to learn effec-
tively [66, 139]. The three elements of the learning environment derived from the
literature review (facilities, location, and level of infrastructure availability) enhance
students’ learning opportunities, although they vary in importance. The variables
in this section can be easily measured through surveys, as indicated in the litera-
ture review [67, 73, 77]. Expert evaluation of AHP results demonstrates that location
is the most impactful sub-factor (58.8%) influencing e-learning outcomes. Facilities
and the level of infrastructure availability were less important factors, scoring 32.3%
and 8.9%, respectively. The consistency ratio in this section (1.0%) indicates a high
level of reliability and consensus among the experts. Location emerged as the most
important variable in measuring learning outcomes, according to the experts.
Previous research indicates that location is a significant factor that includes ease
of access to facilities for students and promotes a safe learning environment, keep-
ing students away from any harmful or immoral activities. The abundance of these
aspects lends significant weight to this variable in measuring learning outcomes.

4.4 Student

Students are the largest category in this framework model. It is divided into the
greatest number of sub-factors (nine). This indicates that the student is the most
influential factor in measuring e-learning outcomes in the context of university
e-learning systems and has many underlying elements that require analysis to
deduce the most important sub-factors from within this heavily loaded section.
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According to the AHP results, attendance is depicted as the most crucial variable
in assessing e-learning outcomes, closely followed by students’ performance (31.2%
and 22.0%, respectively). These two variables are easily trackable and monitored.
Therefore, it is not surprising that their influence and importance in measuring
e-learning outcomes are highly ranked. Furthermore, attendance promotes healthy
study habits among students, aiding in the retention of information during semi-
nars and lectures. It also enhances their engagement, laying a solid foundation for
students to achieve their learning objectives. Performance is measured through the
results of the students’ tests and exams. Consistently performing well as a student
increases the likelihood of achieving learning objectives compared to inconsistent
performances overall.

Due to extensive research on satisfaction, various methods of measuring it have
been established using surveys [126, 127]. The satisfaction of students is intercon-
nected with their learning motivation, driving them to engage more and ultimately
achieve their learning outcomes. Ranking third in the priority rankings of this vari-
able, with a priority score of 16.8%, this section holds significant importance in mea-
suring outcomes in comparison to university e-learning systems.

Although previous research data reports that personal skills are difficult to mea-
sure [115], the results of the AHP analysis based on expert evaluation show that
personal skills have a medium relative importance, ranking fifth with a priority
score of 4.9%.

Although previous studies have theoretically measured learning motivation
using multiple methods, such as t-tests and ANOVA [97], in an attempt to grasp its
importance [98, 101], suggesting it can affect e-learning outcomes, ambiguity per-
sists regarding the objective measurement of this variable. This can be seen in the
evaluators’ results, which demonstrate that they believed it to be of lesser impor-
tance compared to the other subfactors. This is indicated by the AHP scores of this
section, which ranked in the lower percentile in terms of priority rankings (sixth)
and priority score (4.0%).

Although students’ economic backgrounds are relatively measurable [87], the lit-
erature review and expert evaluation consider it an insignificant variable for mea-
suring learning outcomes compared to other sub-factors in this section. Out of the
nine sub-factors in this category, students’ economic backgrounds ranked seventh,
with a priority score of 2.3%.

Finally, the lowest scoring sub-factors in this section are concentration and
friends and family, attaining equal priority scores of 2.1%, which positions them in
joint eighth place. One of the many reasons why these sub-factors are not consid-
ered vital in measuring e-learning outcomes is their difficulty to measure [104, 105].
There is no direct method of measuring these variables that allows for an objec-
tive determination of their influence on e-learning outcomes. Unlike attendance,
which is based on mathematical data, and the relationships between performance
and e-learning systems, which can be established scientifically. Thus, research-
ers struggle to gather relevant and reliable data to support or reject their claims
in these areas. Consequently, more research is required from other perspectives to
delve deeper into these sub-factors that are challenging to measure but still impact
e-learning outcomes.

The low consistency ratio of this main factor (3.9%) confirms the reliability of the
dataset and the results collected for analysis.

In this section, measurable variables such as attendance are included, making it
easy to track and address any arising challenges. However, intangible aspects such
as motivation, which vary from one student to another, can make it quite challeng-
ing to address these variables adequately and in a timely manner.
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4.5 Proposed framework model for measuring university e-learning systems
and its relevant outcomes

Based on the expert evaluation and the sum of the averages of their scores, the
revised rankings of the sub-factors reshuffled the appearance of the preliminary frame-
work model. Figure 2 displays these changes, presenting the official proposed evalua-
tive framework model for measuring university e-learning systems and their relevant
outcomes based on priority rankings gathered via AHP analysis of the expert evalua-
tion of each sub-factor. Based on teaching methods, teaching style remained at the top
with a priority of 61.5%, while types of exam questions (31.9%) shifted to second place,
followed by quizzes and assignments (6.2%). Before our experiment, the quality of the
syllabus, which was ranked first, fell to last place (6.2%), while teacher interaction, pre-
viously ranked third, rose to first place (61.4%) in our priority ranking system. Based
on the variables of the learning environment, location emerged as the most influential
factor (58.8%), while the level of infrastructure availability remained the least influen-
tial (8.9%), mirroring the situation before the experiment. The variable of student, con-
taining nine factors, underwent a complete shuffle, with attendance being identified as
the most important factor (31.2%). Results showed that concentration and friends and
family achieved the same priority ranking (2.1%); therefore, the researcher assigned
concentration a higher rank in the final model based on alphabetical order.

The benefit of this model over others in its field is that it provides a clear guide for
developers on which factors should be heavily emphasised when trying to achieve
learning outcomes. Furthermore, it displays the importance of each factor based on
various research studies as well as the experience of experts involved in this field
of study. Nevertheless, the researcher acknowledges that the possible implications
of this model include difficulty in assessing intangible variables such as learning
motivation, as well as the challenge of evaluating variables like family, as it would
necessitate delving into the family issues of the student and may be perceived as
encroaching on the boundaries of a teacher. Therefore, a clear scope of assessment
cannot be provided for these aspects of e-learning outcomes.

Evaluative
Framework Model for
Factors Measuring
University e-Learning
Systems and its
Relovant Outcomes
(rscringioross] (‘eacing vy | ==
[ 1.Atendance
2. Student's
Performances
3. Satisfaction
4. Cooperative
Leaming
5. Personal Skilis
6. Learning
Motivation
7. Students Economic!
Background
8. Concentration
9. Friends & Fw)
Fig. 2. Framework model for factors measuring e-learning systems and their relevant outcomes based on

priority rankings
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5 CONCLUSION

The aim of this study was to establish an evaluative framework for measuring
university e-learning systems and their outcomes. This was achieved primarily by
extrapolating factors and sub-factors from the comprehensive literature review con-
ducted in this research, followed by the implementation of AHP analysis with the
assistance of valuable expert opinions to determine priority rankings. The four main
factors were teaching methods, teaching quality, learning environment, and students
(RQ1), along with a total of 19 sub-factors (RQ2) across all sections. The main factor
“student” had the most sub-factors, totalling nine. These sub-factors within their
respective categories were adjusted based on priority according to the expert evalua-
tion using the AHP (RQ3). For instance, the most important factor in teaching methods
was teaching style, followed by types of exam questions, quizzes, and assignments.
Across all main factors, this study found that sub-factors that were difficult to mea-
sure and calculate usually attained lower priority scores, whereas sub-factors with
established methods of measurement and monitoring, as well as extensive research,
attained higher priority scores. For example, in the “student” section, attendance can
be easily measured, and research has shown direct links between attendance and
learning outcomes, highlighting the significance of this category. On the other hand,
friends and family are not straightforward variables to measure, nor do they have
relevant and sufficient research data. As a result, the evaluators considered it to be
the least important sub-factor of this category (RQ4).

This study acknowledges the importance of minimising bias and endeavours to
achieve this goal by implementing comprehensive and rigorous multi-step expert
selection criteria. By setting conditions for participation (current teaching activity,
past and present e-learning system experience, varied specialty backgrounds, and
diverse environmental backgrounds), this study eliminated disciplinary and geo-
graphical biases. This approach enhances the likelihood of obtaining valuable and
broadly representative results, making the framework applicable to experts from
diverse disciplines worldwide, across various environments and societies.

The theoretical contribution of this study is that, unlike many other studies, it
investigates the factors influencing e-learning outcomes rather than investigating
e-learning outcomes themselves. By conducting a comprehensive literature review
of 102 research articles and obtaining expert evaluation of the gathered data, this
study identified the most significant factors and sub-factors influencing e-learning
outcomes. This study has enabled practical contributions to the research field by
developing a new evaluative framework model for university e-learning systems.
This model assists evaluators, educators, curriculum developers, and others in
assessing the achievement of e-learning outcomes by considering the relevant influ-
encing factors based on their respective levels of importance. The prioritisation of
these sub-factors enables users in the field of university e-learning systems to adopt
a systematic and targeted approach. By focusing on the most critical factors first,
they can enhance the effectiveness of their interventions and achieve their learn-
ing goals more efficiently. After that, the framework could be used again to mea-
sure the impact of these factors and how changes in attendance, for example, can
increase the likelihood of achieving learning outcomes. Based on the measured out-
comes, adjustments and continuous refinements can be made to this framework as
necessary. If not, it can remain a tool that guides educators, curriculum developers,
etc. in reconsidering their strategies accordingly.

In summary, the primary advantage of this evaluative framework is that it serves
as a strategic guide, providing tools to enhance learning outcomes by displaying the
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factors that influence these outcomes in descending order of priority within univer-
sity e-learning systems. Educators can analyse the reasons hindering the achieve-
ment of their learning outcomes chronologically, prioritising them. By addressing
the most impactful factors first, they can attain better results and reach desired goals
in shorter time frames. This will enhance students’ learning experience, improve
academic outcomes, and more easily fulfil the overall achievement of learning out-
comes. In addition, feedback from future implementers of this framework will ben-
efit the development cycle and ensure that the framework continuously evolves to
align with the ever-changing educational landscape. The abundance of these factors
makes this evaluative framework a promising tool in the field of university e-learning
systems in the present and future, while also addressing any shortcomings that may
arise in future applications of this model. This may include a reshuffling of the fac-
tors assigned due to adequate and reliable practical findings. The researcher also
suggests assessing the priority rankings of the four main variables as a whole in rela-
tion to each other based on the various methodologies implemented in our study, as
well as considering a practical aspect of measurement.

6  FUTURE RESEARCH AND LIMITATIONS

This study can be expanded by incorporating additional undiscovered factors
that may influence e-learning outcomes through further exploration of related
literature, thereby enhancing the system. The role of gender as a factor affecting
e-learning outcomes should also be investigated. The adaptability of this framework
should be assessed by comparing its effectiveness with MOOCs and online learning
platforms. The research utilised experts, excluding students, which may introduce
subjective bias. The students might provide a different perspective on the factors
influencing e-learning outcomes, as achieving learning outcomes involves both stu-
dents and teachers.
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