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The purpose of this study was to evaluate the factors influencing the satisfaction 

of mathematics students in an e-learning environment. To achieve this goal, a 

library-based and descriptive research method was employed. The statistical 

population consisted of experts, mathematics specialists, and e-learning 

curriculum planners at Farhangian University of Mazandaran. The sample 

included seven experts who were purposively selected based on the research 

objectives and questions. Based on the theoretical literature and in consultation 

with experts and specialists, the factors and criteria of e-learning environment 

quality were categorized into four main dimensions—technical system and 

technology infrastructure quality, educational quality, information and content 

quality, and service quality—comprising a total of 24 criteria. The weight of each 

of these indicators within the studied population was determined using an expert 

questionnaire and the Fuzzy Analytic Hierarchy Process (FAHP). Data analysis 

was performed using the Super Decisions software. The findings revealed that, 

in terms of importance, the factors related to technical systems and technology 

infrastructure, technology and instructional design, content development, and 

support services were evaluated and ranked, respectively, as the key determinants 

of e-learning environment quality. 

Keywords: ranking, e-learning, satisfaction, Analytic Hierarchy Process (AHP), 

fuzzy numbers. 

1. Introduction 

he rapid growth of e-learning in the past two decades 

has transformed the educational landscape and created 

new opportunities for accessible, flexible, and cost-effective 

instruction across disciplines, including mathematics 

education. However, despite significant technological 

advances, many e-learning initiatives fail to achieve their 

intended outcomes due to low learner satisfaction and 
T 
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insufficient alignment between instructional design, system 

usability, and learners’ needs (Cheawjindakarn et al., 2013; 

Seraji & Attaran, 2012). Learner satisfaction is widely 

recognized as a critical success factor for sustaining 

engagement, improving performance, and ensuring the 

effectiveness of digital learning systems (Maria de Lourdes 

et al., 2011; Mohammadi, 2015). In mathematics education, 

where abstract concepts and problem-solving skills 

dominate, dissatisfaction can lead to disengagement and 

poor achievement (Jafarabadi Ashtiani & Nomanov, 2021; 

Ragib, 2023). 

Advances in e-learning technology have produced 

diverse systems, but their success depends on the interplay 

of technical infrastructure, instructional quality, content 

design, and support services (Asgari et al., 2023; Yakubu & 

Dasuki, 2018). Technical aspects such as system 

interactivity, security, accessibility, and user-friendly design 

influence perceived ease of use and satisfaction (Gorzin 

Nezhad et al., 2020; Karimzadganmoghadam et al., 2012). 

Instructional quality—including clear objectives, adaptive 

learning paths, and collaborative opportunities—is equally 

essential for sustaining motivation and promoting 

meaningful learning (Pei-Chen & Hsing Kenny, 2025; 

Poorasghar et al., 2015). Furthermore, the quality and 

relevance of content significantly impact learners’ trust and 

engagement (Chen & Young Tat Yao, 2016; Filippova, 

2015). Service-related factors such as timely support, 

responsiveness, and effective feedback channels further 

shape students’ perceptions of the e-learning environment 

(Elahi et al., 2015; Maria de Lourdes et al., 2011). 

Despite the theoretical recognition of these variables, a 

systematic and context-sensitive framework for evaluating 

e-learning success in mathematics remains underdeveloped, 

particularly in non-Western settings such as Iran. Previous 

studies have highlighted cultural and contextual differences 

in technology acceptance, learning styles, and system 

usability (Chen & Tseng, 2012; Narenji Thani et al., 2021). 

While research on the Technology Acceptance Model 

(TAM) and Information Systems (IS) success model 

provides valuable foundations (Mohammadi, 2015; Yakubu 

& Dasuki, 2018), localized studies show the need to adapt 

these frameworks to learners’ expectations, institutional 

resources, and discipline-specific requirements (Faraj Elahi 

et al., 2020; Zare et al., 2024). 

The evolution of e-learning also brings new pedagogical 

and technological complexities. Modern e-learning 

increasingly integrates multimedia resources, interactive 

simulations, and gamification elements to improve 

engagement and cognitive performance (Pei-Chen & Hsing 

Kenny, 2025; Sadeghi, 2024). For mathematics education, 

these tools can help visualize abstract concepts and support 

self-paced exploration (Ragib, 2023; Zare et al., 2023). Yet 

the effectiveness of such innovations depends on their 

alignment with learners’ cognitive preferences and 

institutional readiness (Fazeli et al., 2021; Oulamine et al., 

2025). Research shows that poorly designed interfaces, 

irrelevant multimedia, or weak instructional scaffolding can 

increase cognitive load and reduce satisfaction (Chen & 

Young Tat Yao, 2016; Farhadi, 2015). 

Furthermore, ensuring high-quality content remains a 

persistent challenge. Content must be accurate, 

comprehensive, current, and aligned with learning 

objectives to foster trust and satisfaction (Farhadi, 2015; 

Filippova, 2015). In mathematics, the clarity and sequence 

of topics, the availability of examples, and the adaptability 

of materials to diverse learning styles are essential 

(Jafarabadi Ashtiani & Nomanov, 2021; Zare et al., 2024). 

Active teaching strategies in e-learning, such as interactive 

problem-solving, adaptive feedback, and collaborative 

group work, have been shown to increase motivation and 

understanding (Fazeli et al., 2021; Sadeghi, 2024). 

Service quality, though sometimes overlooked, is equally 

crucial. Effective guidance and responsive technical support 

reduce frustration and build trust in digital platforms (Elahi 

et al., 2015; Maria de Lourdes et al., 2011). Research 

indicates that the speed of service delivery, the ability to 

address technical challenges, and the responsiveness to 

learner feedback directly affect satisfaction and retention 

(Dehghandar et al., 2020; Faraj Elahi et al., 2020). 

Additionally, user-driven improvements, such as integrating 

students’ suggestions into system design and course 

management, can enhance perceived system value (Asgari et 

al., 2023; Karimzadganmoghadam et al., 2012). 

Given the multidimensional nature of learner satisfaction, 

robust methodologies are required to evaluate and prioritize 

influencing factors. The Fuzzy Analytic Hierarchy Process 

(FAHP) has been proposed as an effective approach to 

address uncertainty in expert judgment and handle the 

complexity of multi-criteria decision-making (Babakordi, 

2020; Dehghandar, Pabasteh, et al., 2021). Fuzzy logic 

enables decision-makers to express imprecise preferences 

while maintaining analytical rigor (Babakordi, 2020; Elahi 

et al., 2015). Studies applying FAHP in educational 

technology contexts have successfully ranked key success 

criteria, offering actionable insights for institutional policy 

https://journals.kmanpub.com/index.php/jppr/index
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and system design (Dehghandar et al., 2020; Gorzin Nezhad 

et al., 2020). 

In the Iranian higher education context, research on e-

learning system evaluation is expanding but remains 

fragmented. Some studies have explored the success of 

learning management systems (LMS) and usability 

frameworks (Asgari et al., 2023; Zare et al., 2023), while 

others have examined learners’ competencies and readiness 

(Narenji Thani et al., 2021). Still, there is limited focus on 

discipline-specific factors, especially for mathematics, 

where cognitive load, problem-solving demands, and 

conceptual abstraction are unique challenges (Jafarabadi 

Ashtiani & Nomanov, 2021; Ragib, 2023). Moreover, earlier 

frameworks often fail to consider emerging trends such as 

artificial intelligence and adaptive learning analytics that can 

influence satisfaction and learning outcomes (Oulamine et 

al., 2025; Reis et al., 2024). 

Understanding these complexities is not merely 

theoretical but has direct implications for policy and 

practice. Universities investing in digital education require 

actionable models to optimize technical infrastructure, 

instructional design, and support systems (Cheawjindakarn 

et al., 2013; Pei-Chen & Hsing Kenny, 2025). With the 

increasing use of blended and fully online programs in 

Iranian teacher training universities (Faraj Elahi et al., 2020; 

Zare et al., 2024), identifying and ranking satisfaction 

factors helps administrators allocate resources strategically. 

For mathematics teacher training in particular, such 

frameworks guide the development of adaptive content, 

interactive assessments, and supportive digital ecosystems 

(Jafarabadi Ashtiani & Nomanov, 2021; Poorasghar et al., 

2015). 

Additionally, the COVID-19 pandemic accelerated 

digital adoption but exposed weaknesses in e-learning 

preparedness, such as uneven infrastructure, unstandardized 

content, and insufficient training for educators (Dehghandar, 

Ahmadi, et al., 2021; Fazeli et al., 2021). Addressing these 

gaps requires integrating user satisfaction metrics with 

technological and pedagogical strategies (Farhadi, 2015; 

Seraji & Attaran, 2012). As institutions move toward 

sustainable digital transformation, frameworks rooted in 

both global best practices and local context are essential 

(Oulamine et al., 2025; Yakubu & Dasuki, 2018). 

Therefore, this study aims to provide a systematic and 

evidence-based model for evaluating and prioritizing the 

factors influencing mathematics e-learners’ satisfaction in 

higher education. By integrating expert knowledge with 

FAHP methodology, it extends the existing literature on e-

learning success models and adapts them to the specific 

requirements of mathematics education (Dehghandar et al., 

2020; Gorzin Nezhad et al., 2020). Unlike generic e-learning 

evaluations, this research accounts for both cognitive and 

technological complexities, offering a more discipline-

sensitive approach. 

Furthermore, the research builds on prior efforts to 

combine technical, pedagogical, and service quality 

indicators into a single hierarchical model (Asgari et al., 

2023; Cheawjindakarn et al., 2013). It also incorporates new 

theoretical perspectives on multimedia design and gamified 

environments (Pei-Chen & Hsing Kenny, 2025; Sadeghi, 

2024), ensuring relevance to the contemporary digital 

learning landscape. By focusing on user-centered analysis, it 

bridges the gap between system designers and learners, 

offering actionable recommendations for improving 

satisfaction and academic performance (Maria de Lourdes et 

al., 2011; Mohammadi, 2015). 

In summary, the increasing reliance on e-learning for 

mathematics education calls for a comprehensive 

understanding of satisfaction drivers. This study responds to 

that need by synthesizing the multi-dimensional factors 

identified in the literature and localizing them for the Iranian 

higher education system. It leverages the FAHP method to 

systematically rank these factors, addressing uncertainty in 

expert evaluations while producing practical insights for 

institutional decision-making 

2. Methods and Materials 

This research is applied–developmental and descriptive 

in purpose, correlational in type, and survey-based in 

strategy. The method of collecting the required information 

during the literature review stage involved library research, 

including the study of articles, books, journals, theses, and 

other valid scientific databases. 

The thematic scope of this research relates to the concepts 

and components of measuring the success of e-learning 

systems. The geographical scope of this study is Farhangian 

University of Mazandaran. This research, after exploratory 

studies, formally began in the summer of 2019 and ended in 

the summer of 2020. Its data were collected during the 2019–

2020 academic year. 

For collecting field data, a questionnaire was used to 

prioritize the factors influencing the success of e-learning 

systems in universities based on pairwise comparisons. The 

statistical population included all professors, experts, 

specialists, and practitioners active in e-learning at 

https://journals.kmanpub.com/index.php/jppr/index
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Farhangian University of Mazandaran. A total of seven 

experts were purposively selected, each with at least 10 years 

of university-level mathematics teaching experience, 

teaching experience in e-learning environments, experience 

conducting in-service e-learning courses, and published 

articles on e-learning, aligned with the objectives and 

questions of this research. 

Individuals’ judgments about priorities are often not 

sufficiently clear for precise numerical estimation; however, 

fuzzy logic is useful for addressing problems characterized 

by ambiguity and uncertainty. The fuzzy theory was first 

introduced by Lotfi Zadeh (1965) to handle the uncertainty 

inherent in human perception. A triangular fuzzy number is 

shown in Figure 3. 

Figure 1 

Representation of a Triangular Fuzzy Number 

 

Triangular fuzzy numbers are presented as (l, m, u), 

where the parameters l, m, and u represent, respectively, the 

smallest possible expected value, the most likely expected 

value, and the largest possible expected value. 

A triangular fuzzy number is defined as: 

μ(x/M) = { 

  0             x < l 

  (x − l) / (m − l)     l ≤ x ≤ m 

  (u − x) / (u − m)     m ≤ x ≤ u 

  0             x > u 

} 

Arithmetic operations on triangular fuzzy numbers are 

given below: 

Addition of fuzzy numbers: 

(L₁, M₁, U₁) ⊕ (L₂, M₂, U₂) = (L₁ + L₂, M₁ + M₂, U₁ + U₂) 

Multiplication of fuzzy numbers: 

(L₁, M₁, U₁) ⊗ (L₂, M₂, U₂) = (L₁L₂, M₁M₂, U₁U₂) 

For any real number k: 

k(L₁, M₁, U₁) = (kL₁, kM₁, kU₁) 

Subtraction of fuzzy numbers: 

(L₁, M₁, U₁) ⊖ (L₂, M₂, U₂) = (L₁ − U₂, M₁ − M₂, U₂ − L₁) 

Division of fuzzy numbers: 

(L₁, M₁, U₁) ÷ (L₂, M₂, U₂) = (L₁ / U₂, M₁ / M₂, U₂ / L₁) 

Inverse of a triangular fuzzy number: 

(L₁, M₁, U₁)⁻¹ = (1 / U₁, 1 / M₁, 1 / L₁) 

In this study, Buckley’s geometric mean method was used 

to calculate the relative weights in pairwise comparisons 

(Buckley, 1985). Suppose P̃ᵢⱼ represents the set of 

preferences of decision-makers regarding one criterion 

compared to another. The pairwise comparison matrix is 

formed as: 

Ã = 

[ 

1   P̃₁₂  … P̃₁ₙ 

P̃₂₁  1   … P̃₂ₙ 

⋮   ⋮     ⋱ ⋮ 

P̃ₙ₁  P̃ₙ₂  … 1 

] 

where n is the number of related elements in each row. 

The fuzzy weights of each criterion in the pairwise 

comparison matrix are obtained using Buckley’s geometric 

mean method. The geometric mean of the fuzzy comparisons 

of criterion i with respect to each other criterion is calculated 

as: 

r ̃i  = (∏ⱼ₌₁ⁿ P̃ᵢⱼ)^(1/n)   for i = 1, 2, 3, …, n 

The fuzzy weight of the i-th criterion is represented by a 

triangular fuzzy number: 

wᵢ = rᵢ ⊗ (r₁ ⊕ r₂ ⊕ … ⊕ rₘ)⁻¹ 

After computing the fuzzy weight factors, the weights are 

defuzzified and then normalized using the following 

formula: 

w_crisp = (l + 2m + u) / 4 

In this study, to assign weights in the pairwise 

comparisons, the linguistic terms and triangular fuzzy 

numbers presented in Table 2 were used. 

https://journals.kmanpub.com/index.php/jppr/index
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Table 1 

Linguistic Terms and Triangular Fuzzy Numbers for Weighting Criteria 

Code Importance Level Lower Bound (L) Middle Bound (m) Upper Bound (u) 

1 Equal importance 1 1 1 

2 Equal to moderately more important 1 2 3 

3 Moderately more important 2 3 4 

4 Moderately to strongly more important 3 4 5 

5 Strongly more important 4 5 6 

6 Strongly to very strongly more important 5 6 7 

7 Very strongly more important 6 7 8 

8 Very strongly to extremely more important 7 8 9 

9 Extremely more important 8 9 10 

 

3. Findings and Results 

Based on the review of the literature and previous studies, 

as well as the opinions of experts, 24 indicators affecting the 

evaluation of success factors for mathematics e-learners 

were identified and extracted in four dimensions, as 

presented in Table 3. 

Table 2 

Introduction of Research Factors 

Row Main Criterion Sub-Criterion Code 

1 Technical System Quality System interactivity C11 

  Ease of access to online resources C12 

  Ease of system use C13 

  System user-friendliness C14 

  Degree of system personalization C15 

  System security assessment C16 

  System flexibility C17 

  Structured design C18 

  Possibility of communication with students C19 

2 Educational Quality Organizational vision for funding and infrastructure provision C21 

  Compatibility of the e-learning system with different learning styles C22 

  Capability for performance and learning assessment C23 

  Potential for collaborative learning C24 

  Needs assessment and instructional design aligned with course objectives C25 

3 Information and Content Quality Completeness and comprehensiveness of information and content C31 

  Up-to-dateness of information and content C32 

  Understandability of information and content C33 

  Accuracy of information and content C34 

  Relevance of information and content C35 

4 Service Quality Provision of guidance services C41 

  Timely responsiveness C42 

  Speed of service delivery C43 

  Course management C44 

  Reflection of user feedback C45 

 

Initially, all criteria in each layer were compared to the 

criteria in the layer above, and these pairwise comparisons 

were placed in a matrix called the pairwise comparison 

matrix. To create these matrices, the mean of the fuzzy 

numbers obtained from the questionnaires was used. 

Pairwise comparison matrices were constructed for the 

criteria of technical system quality, educational quality, 

information and content quality, and service quality. 

The pairwise comparison matrix for the main criteria is 

presented below, where the rows and columns correspond, 

respectively, to Technical Quality (C1), Educational Quality 

(C2), Information and Content Quality (C3), and Service 

Quality (C4). 

https://journals.kmanpub.com/index.php/jppr/index
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Table 3 

Pairwise Comparison Matrix of Main Criteria 

 C1 C2 C3 C4 

C1 (1,1,1) (1.12,1.35,1.51) (1.15,1.47,1.7) (1.23,1.61,1.96) 

C2 (0.66,0.74,0.89) (1,1,1) (1,1,1) (1.06,1.39,1.61) 

C3 (0.59,0.68,0.87) (1,1,1) (1,1,1) (1.02,1.35,1.67) 

C4 (0.51,0.62,0.81) (0.62,0.72,0.94) (0.6,0.74,0.98) (1,1,1) 

 

To calculate the inconsistency ratio, the fuzzy matrix in 

Table 4 was first converted into a crisp matrix using the 

formula: 

w_crisp = (l + 2m + u) / 4 

Then, using the Super Decisions software, the 

inconsistency ratio was computed, as illustrated in Figure 4. 

The results show that the inconsistency ratio equals 

0.001, which is less than 0.1, indicating an acceptable level 

of consistency. 

Table 4 

Calculation of the Inconsistency Ratio 

Crisp C1 C2 C3 C4 

C1  1.333 1.44 1.603 

C2   1 1.36 

C3    1.345 

C4     

Figure 2 

Inconsistency Ratio of Main Criteria 

 

 

The weights of the main criteria were calculated as 

follows: Technical System Quality and Infrastructure = 

0.324 (ranked first), Educational Quality = 0.245 (ranked 

second), Information and Content Quality = 0.240 (ranked 

third), and Service Quality = 0.191 (ranked fourth). In the 

same way, the weights and rankings of all criteria were 

determined. 

4. Discussion and Conclusion 

The present study aimed to identify and prioritize the 

factors influencing the satisfaction of mathematics e-

learners in higher education by applying the Fuzzy Analytic 

Hierarchy Process (FAHP). The results revealed that 

Technical System Quality and Infrastructure received the 

highest weight (0.324), followed by Educational Quality 

(0.245), Information and Content Quality (0.240), and 

Service Quality (0.191). Within these dimensions, indicators 

such as system interactivity, user-friendliness, accessibility 

of online resources, and structural design were most critical 

for fostering a satisfying learning experience. These findings 

highlight the pivotal role of robust technical foundations and 

adaptive system functionalities in shaping learners’ 

perceptions and overall engagement in mathematics e-

learning. 

This emphasis on technical quality is consistent with 

earlier works that underscore the importance of system 

usability and infrastructure reliability for successful digital 

education (Cheawjindakarn et al., 2013; 

Karimzadganmoghadam et al., 2012; Yakubu & Dasuki, 

2018). In particular, the weight assigned to system 

interactivity and user-friendliness aligns with evidence that 

intuitive interfaces reduce cognitive load and increase the 

sense of control among learners (Maria de Lourdes et al., 

2011; Mohammadi, 2015). In mathematics, where students 

https://journals.kmanpub.com/index.php/jppr/index
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frequently engage in problem-solving and conceptual 

modeling, an interactive and stable platform supports 

dynamic content delivery and immediate feedback, 

improving satisfaction and performance (Jafarabadi Ashtiani 

& Nomanov, 2021; Ragib, 2023). Our findings also 

corroborate studies that argue technical barriers—such as 

difficulty accessing resources or insecure platforms—

negatively affect learners’ trust and willingness to continue 

in online programs (Asgari et al., 2023; Chen & Tseng, 

2012). 

The second dimension, Educational Quality, highlights 

the importance of instructional design, adaptability to 

diverse learning styles, performance evaluation, and 

collaborative opportunities. Our results show that structured 

instructional planning and needs analysis significantly 

contribute to satisfaction. This is consistent with research 

showing that active teaching strategies and alignment of 

learning outcomes with course design strengthen learners’ 

cognitive engagement (Fazeli et al., 2021; Sadeghi, 2024). 

In mathematics e-learning, personalized instructional design 

and adaptable pathways can help address diverse learning 

speeds and conceptual understanding (Poorasghar et al., 

2015; Zare et al., 2024). Moreover, the inclusion of 

performance assessment tools within the platform enables 

students to monitor their progress, reinforcing self-regulated 

learning strategies—a factor previously identified as a 

predictor of success in distance education (Cheawjindakarn 

et al., 2013; Poorasghar et al., 2015). 

The findings also confirm the growing relevance of 

interactive and multimedia-rich instructional strategies, 

particularly in mathematics. Platforms incorporating 

gamification, simulations, and visual representations of 

complex problems have shown to significantly enhance 

motivation and comprehension (Pei-Chen & Hsing Kenny, 

2025; Sadeghi, 2024). Our ranking of educational quality 

indicators underscores this shift toward technology-

enhanced pedagogy, supporting global research advocating 

for the integration of innovative digital tools that align with 

cognitive needs (Oulamine et al., 2025; Reis et al., 2024). 

Information and Content Quality emerged as the third key 

dimension but with nearly equal weight to educational 

quality, indicating that while technology and pedagogy are 

vital, content remains central to learner satisfaction. The 

priority given to up-to-date, accurate, and relevant content 

reinforces long-standing claims in the literature that content 

credibility drives learners’ trust and engagement (Farhadi, 

2015; Filippova, 2015). In mathematics, content clarity and 

comprehensiveness are particularly important as learners 

rely on step-by-step explanations, worked examples, and 

problem sets to internalize abstract concepts (Jafarabadi 

Ashtiani & Nomanov, 2021; Ragib, 2023). Previous Iranian 

research has similarly emphasized the impact of high-quality 

content on learners’ satisfaction and performance (Faraj 

Elahi et al., 2020; Gorzin Nezhad et al., 2020). Our findings 

add further evidence by quantifying this relationship and 

ranking content-related indicators alongside other key 

factors. 

The comparatively lower weight assigned to Service 

Quality may seem surprising but is consistent with some 

prior findings in contexts where technical and instructional 

quality dominate learner perceptions (Elahi et al., 2015; 

Maria de Lourdes et al., 2011). However, it is important to 

note that while service-related factors rank lower, they 

remain crucial for sustaining long-term engagement and 

addressing learners’ difficulties. Prompt technical support, 

effective user feedback channels, and timely responsiveness 

can prevent dropout and frustration (Dehghandar et al., 

2020; Faraj Elahi et al., 2020). Our findings suggest that 

although learners may initially focus on system design and 

content, their continued satisfaction and loyalty depend on 

reliable support mechanisms—a conclusion aligning with 

user-centered models of e-learning adoption (Asgari et al., 

2023; Mohammadi, 2015). 

Another significant contribution of this study is 

methodological. The use of FAHP allowed for a nuanced 

assessment of expert judgments, accommodating 

uncertainty and ambiguity in evaluating qualitative aspects 

of e-learning systems (Babakordi, 2020; Dehghandar, 

Pabasteh, et al., 2021). Traditional evaluation models often 

rely on crisp values, which may not capture the complexities 

of expert reasoning (Elahi et al., 2015). By integrating fuzzy 

logic with hierarchical analysis, this study produced robust, 

context-sensitive priorities that can guide educational 

institutions in strategic planning and resource allocation. 

Similar approaches in other Iranian contexts have 

demonstrated the usefulness of FAHP for ranking success 

factors in educational technology and system quality 

(Dehghandar et al., 2020; Gorzin Nezhad et al., 2020). 

Furthermore, our results contribute to the ongoing 

discourse about localized frameworks for e-learning success. 

While global models such as the DeLone and McLean IS 

Success Model (Yakubu & Dasuki, 2018) and TAM 

(Mohammadi, 2015) provide foundational insights, their 

application in non-Western higher education requires 

adaptation to cultural and infrastructural realities. Our 

findings echo calls from recent research urging for the 

https://journals.kmanpub.com/index.php/jppr/index


 Gorzinnezhad et al.                                                                                                       Journal of Resource Management and Decision Engineering 5:1 (2026) 1-10 

 

 8 

integration of local user expectations and institutional 

constraints into evaluation models (Asgari et al., 2023; 

Narenji Thani et al., 2021). In Iran, where universities like 

Farhangian are scaling up digital teacher training, attention 

to both global standards and local learning contexts is 

essential (Faraj Elahi et al., 2020; Zare et al., 2024). 

Importantly, this study reinforces the interconnectedness 

of the four dimensions rather than viewing them in isolation. 

Although technical system quality ranked highest, it is not 

sufficient alone; effective educational design, high-quality 

content, and supportive services together create a coherent 

learning ecosystem. This holistic perspective aligns with 

recent meta-syntheses emphasizing integrated frameworks 

for LMS usability and success (Asgari et al., 2023). For 

mathematics e-learning specifically, where cognitive 

demands are high, synergy among technology, pedagogy, 

and support becomes indispensable. 

The findings also have implications for emerging digital 

learning trends. Artificial intelligence and machine learning 

are increasingly integrated into e-learning to personalize 

experiences and predict learning performance (Reis et al., 

2024). However, our results suggest that for these 

technologies to impact satisfaction positively, they must be 

embedded within robust, user-friendly systems and paired 

with adaptive instructional strategies. Similarly, the growing 

interest in gamification and multimedia tools (Pei-Chen & 

Hsing Kenny, 2025; Sadeghi, 2024) requires balancing 

novelty with content quality and pedagogical coherence to 

avoid cognitive overload. 

Finally, the study confirms the value of expert-driven 

evaluation when designing and refining e-learning systems. 

Engaging domain experts ensures that ranking criteria 

remain aligned with learners’ actual cognitive and 

motivational needs (Cheawjindakarn et al., 2013; 

Karimzadganmoghadam et al., 2012). This participatory 

approach may be particularly effective in mathematics, 

where disciplinary insights are critical to shaping 

meaningful digital learning environments. 

Despite its contributions, the study has several 

limitations. First, the sample size of experts was relatively 

small and context-specific, focusing on mathematics 

specialists and e-learning planners at a single teacher 

training university. Although purposive sampling ensured 

relevant expertise, the findings may not fully capture the 

perspectives of broader learner populations or other 

academic disciplines. Second, the study relied on expert 

judgments rather than direct learner feedback to identify and 

rank satisfaction factors. While this approach provides 

theoretical rigor and informed prioritization, incorporating 

students’ lived experiences might yield additional insights 

into usability and motivation. Third, the study’s scope was 

geographically limited to Iranian higher education, 

specifically Farhangian University in Mazandaran. Cultural, 

institutional, and infrastructural differences could influence 

the generalizability of the results to other national or 

international contexts. Finally, although FAHP effectively 

addressed uncertainty in expert judgments, the method still 

depends on the subjective interpretation of linguistic 

variables, which may introduce bias despite its mathematical 

robustness. 

Future studies could build on these findings by adopting 

mixed-method approaches that combine expert analysis with 

direct learner surveys and interviews. Integrating students’ 

perspectives may reveal additional satisfaction drivers, 

particularly related to emotional engagement and self-

efficacy. Expanding the sample to include multiple 

universities and diverse educational contexts could improve 

the external validity of the results and allow comparative 

analysis across regions and disciplines. Moreover, 

researchers could explore the dynamic nature of e-learning 

satisfaction by conducting longitudinal studies to track 

changes in learner expectations as technologies and 

pedagogies evolve. Advanced analytics and learning 

management system data could also be integrated to validate 

expert-identified factors with actual learner behavior and 

performance outcomes. Additionally, future work might 

investigate the role of emerging technologies, such as 

adaptive learning systems, artificial intelligence-based 

tutoring, and immersive virtual environments, to refine 

satisfaction frameworks for next-generation digital learning. 

For educational administrators and instructional 

designers, the study offers actionable guidance for 

developing more effective e-learning systems in 

mathematics. Prioritizing technical system quality—such as 

platform stability, interactivity, security, and user-friendly 

design—should be a foundational step before implementing 

advanced pedagogical features. Institutions should invest in 

instructional design that accommodates diverse learning 

styles, provides clear performance evaluation mechanisms, 

and fosters collaborative opportunities to maintain 

engagement. Regular updating and quality control of content 

are essential to sustain learners’ trust and comprehension. 

Finally, although service quality ranked lower, establishing 

responsive support channels, timely assistance, and 

mechanisms for learner feedback can enhance long-term 

satisfaction and retention. Adopting structured multi-criteria 

https://journals.kmanpub.com/index.php/jppr/index
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evaluation frameworks like FAHP can help universities 

allocate resources efficiently and continuously monitor the 

success of their e-learning initiatives. 
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