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Abstract

The Engagement of students is an essential factor in the effectiveness of online university
education. This study uses Interpretative Structural Modeling (ISM) and matrixed impacts of
Croises multiplication appliquée a un classment (MICMAC) analysis to identify key enablers
affecting Students' Engagement and exploring their interdependence. The findings emphasize
institutional support, technological infrastructure and faculty training as basic drive forces that
create involvement strategies, design and motivation of students. Psychological and social
factors, perceived easy to use and flexibility have proven to be dependent variables affected by
these drivers. The ISM framework revealed hierarchical relations between enablers, while
MICMAC analysis has classified them based on the power and dependence strength. This
research concludes that the structured online educational environment, robust technological
support and targeted engagement strategies improve the results of students' participation and
learning. Practical recommendations include strengthening institutional policies, improving the
faculty training, implementing interactive courses' designs and providing psychological support
to support inclusive and engaging ecosystem of online education.

Keywords: Student engagement, online education, ISM model, MICMAC analysis,
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1. Introduction

The digital transformation of higher education has accelerated dramatically in recent years,
particularly in response to the disruptions caused by the COVID-19 pandemic. As institutions
rapidly transitioned to online platforms to ensure continuity in teaching and learning, online
education emerged not only as an emergency response but also as a strategic long-term
alternative to traditional modes of delivery (Dhawan, 2020; Adedoyin & Soykan, 2020). This
shift has brought undeniable advantages such as increased flexibility, enhanced accessibility,
and cost-effectiveness, thereby democratizing access to higher education for a wider range of
learners (Bao, 2020; Bozkurt & Sharma, 2020).

Despite these benefits, maintaining high levels of student engagement in online environments
remains a persistent and critical challenge. Unlike face-to-face learning, online education often
lacks the immediacy of personal interaction, which can lead to feelings of isolation, reduced
motivation, and decreased participation among students (Martin & Bolliger, 2018; Rasheed et
al., 2020). Student engagement- defined as the level of interest, curiosity, and involvement that
students show towards their learning process - is widely acknowledged as a key determinant of
academic success and satisfaction (Fredricks, Blumenfeld, & Paris, 2004; Kahu, 2013).
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A growing body of literature highlights that student engagement in online learning is not shaped
by a single factor but rather by a complex network of interrelated enablers. These include
institutional support mechanisms, availability and usability of technological infrastructure,
faculty presence and responsiveness, quality of course design, and various psychological and
motivational factors such as self-efficacy and perceived ease of use (Dixson, 2015; Sun et al.,
2008; Banna et al., 2015). The effectiveness of online education, therefore, depends heavily on
understanding how these factors interact and influence one another.

To address this complexity, advanced decision-making and modeling techniques are required
to untangle the web of relationships among these enablers. Interpretive Structural Modeling
(ISM) and Matrice d’Impacts Croisés Multiplication Appliquée a un Classement
(MICMAC) analysis offer rigorous and structured methodologies for identifying and
classifying such interdependencies. ISM helps in developing a multilevel hierarchical
framework Dby structuring the interrelationships among variables, enabling a clearer
understanding of direct and transitive influences among the factors (Warfield, 1974). MICMAC
analysis complements ISM by classifying the factors based on their driving power and
dependence, helping in the identification of key drivers and dependent variables (Godet, 1991,
Sushil, 2005).

This research applies ISM and MICMAC analysis to systematically explore the enablers that
affect student engagement in online higher education. The study aims to identify the most
influential (driving) and most influenced (dependent) factors, mapping their structural
interrelations to provide actionable insights. Through this methodological lens, the study
contributes to the literature by offering a comprehensive and structured framework for
understanding student engagement in digital education.

Furthermore, the findings of this research are intended to guide academic institutions and
policymakers in designing strategic interventions to enhance engagement, reduce dropout rates,
and improve student learning outcomes in online settings. By offering a data-driven perspective
on the key enablers, this study serves as a critical resource for rethinking institutional strategies
in the digital era and ensuring that the promise of online education is fulfilled not just in access,
but in quality and impact.

2. Literature Review

2.1 Model PRISMA for a systematic Literature Review

Systematic Literature Overview (SLR) is a structured approach to the identification, evaluation
and synthetization of existing research on a particular topic. It ensures transparency,
reproducibility and accuracy in the selection and analysis of the relevant studies. In this
overview, preferred reporting items for systematic reviews and meta-analysis (PRISMA) was
used to increase literature accuracy.

The PRISMA model consists of four key phases: identification, screening, eligibility and
integration. Initially, the relevant literature was identified by complete search in the Scopus
database using predefined keywords and Boolean operators. Furthermore, duplicate records
have been removed and the studies were proven on the basis of titles and abstracts. The
eligibility criteria were used to assess the full -text cells with respect to their relevance, literature
accuracy and classification criteria. Finally, the most important studies for qualitative and
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quantitative research were included. By analysing the PRISMA model, this systematic
overview ensures a clear, unbiased and replicable approach to understand an existing
knowledge set in the selected research domain.

[PIC STy [Ty ywe)

500

400

300

200

100

P

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Year

Figure 1 Documents by year (Scopus database)

United States I
China I
Australia |
United Kingdom I
spain NG
Malaysia ]
India | ]
Indonesia | |
Hong Kong |
Turkey |

100 200 300 400

Q

Figure 2 Documents by region/country (Scopus Database)

A

2024 2025

4062



European Economic Letters
ISSN 2323-5233

Vol 15, Issue 2 (2025)
http://eelet.org.uk

Records identified from Scopus database
searching of the keywords "student
engagement” in title, abstract, keywords
field (n=101072

Records after duplicates removed
(n=101072)

Records identified from Scopus database
searching of the keywords "student
engagement" AND "online higher Studies that contain the only

education” in title, abstract, keywords keyword "student engagement” in

field (n=1551) title, abstract, keywords field

Records Excluded

(n=99521)

Full texted articles assessed for the Records excluded not in English
eligibility (n=883) Language (668)

Studies included in (n=883)

Figure 3 PRISMA model for Literature Selection

The systematic literature review identified several key enablers that influence the effectiveness
of online education and digital learning environments. These enablers were categorized based
on recurring themes in prior research and theoretical frameworks.

1. Institutional Support

Institutional support plays a crucial role in ensuring the successful implementation of digital
learning. Universities that provide adequate policies, funding, and administrative assistance
enable faculty and students to adapt effectively to online learning. (Teixeira and Mota, 2020)

2. Technological Infrastructure

The availability of reliable internet connectivity, learning management systems, and digital
tools significantly influences the adoption and effectiveness of e-learning platforms. Studies
highlight that institutions with strong IT support can improve both faculty and student
experiences in online learning environments.
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3. Faculty Support and Training

Faculty readiness and continuous training in digital pedagogy are essential for the effective
delivery of online courses. Research suggests that institutions offering structured training
programs lead to better engagement and teaching effectiveness.

4. Course Design and Content Quality

Well-structured courses with engaging content, interactive elements, and clear learning
outcomes enhance student learning experiences. Studies emphasize that high-quality course
design improves retention and student satisfaction.

5. Student Motivation and Self-Regulation

Self-motivation and the ability to regulate one's learning are key determinants of success in
online education. Literature suggests that self-regulated learners tend to perform better and
engage more actively in digital learning environments.

6. Collaborative Learning Environment
Online learning platforms that facilitate collaboration through discussion forums, group
activities, and peer interactions contribute to better knowledge retention and learner satisfaction

7. Engagement Strategies

Student engagement is a critical factor for the success of digital education. Research highlights
that gamification, interactive assessments, and multimedia resources significantly improve
student participation.

8. Assessment and Feedback Mechanisms

Effective assessment methods, including formative and summative assessments, along with
timely feedback, play a vital role in online education. Studies suggest that feedback mechanisms
enhance learning outcomes and student performance.

9. Psychological and Social Factors

The psychological well-being of students, including factors like stress, isolation, and social
support, influences their engagement and success in online education. Literature indicates that
universities addressing these aspects create more inclusive learning environments.

10.  Perceived Ease of Use and Usefulness

According to the Technology Acceptance Model (TAM), perceived ease of use and perceived
usefulness significantly influence the adoption of digital learning tools. Studies confirm that
user-friendly platforms encourage more students to engage in online learning.

11.  Flexibility and Accessibility
One of the primary advantages of online learning is flexibility in terms of time and location.

Research suggests that students with access to flexible learning options show higher course
completion rates and satisfaction.

3. Research Methodology
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3.1 Research Design

This study adopts an exploratory research design, using Interpretive Structural Modeling (ISM)
and MICMAC (Matrice d’Impacts Croisés Multiplication Appliquée a un Classement) analysis
to identify and analyze the interrelationships among key enablers affecting student
engagement in online higher education

3.2 ldentification of Key Enablers/VVariables

A thorough review of literature and expert consultation were used to identify the initial list of
enablers. Semi-structured interviews were conducted with 15 domain experts, including
academicians and industry professionals, to validate and finalize the enablers.

The given enablers are:

Institutional Support (1S)

Technological Infrastructure (TI)

Faculty Support and Training (FST)

Course Design and Content Quality (CD)
Student Motivation and Self-Regulation (SM)
Collaborative Learning Environment (CLE)
Engagement Strategies (ES)

Assessment and Feedback Mechanisms (AFM)
. Psychological and Social Factors (PSF)

0.  Perceived Ease of Use and Usefulness (PEU)
1. Flexibility and Accessibility (FA)

RROOo~NoOR~WNE

3.3 Development of Structural Self-Interaction Matrix (SSIM)

The finalized enablers were subjected to pairwise comparison to determine the contextual
relationships among them. Experts were asked to define the direction of influence between each
pair using the following symbols:

. V: Enabler i influences j
. A: Enabler j influences i
. X: Mutual influence

. O: No influence

The SSIM is constructed by evaluating the relationships between each pair of enablers.

Table 1 Structural Self-Interaction Matrix (SSIM)
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3.4 Reachability Matrix

The SSIM was converted into a binary Reachability Matrix by replacing the symbols (V, A,
X, O) with 1s and 0s, based on predefined rules. The matrix was then checked for transitivity-
a fundamental assumption of ISM.

By converting V, A, X, O into 1s and Os, we create a binary reachability matrix. This matrix
is then modified using transitivity rules.

Table 2 Reachability Matrix
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To modify this matrix using transitivity rules, we will apply Warshall’s Algorithm (also
known as the Floyd-Warshall Algorithm for reachability). This ensures that if A — B and B

— C, then A — C must also be updated to 1.

Table 3 Initial Binary Matrix
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Apply Transitivity Rules

If A— B and B — C, then update A — C to 1.

Key Changes:

. IS should inherit all reachable nodes from T1 and FST.
. T1 should inherit all reachable nodes from FST.
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. FST should inherit all reachable nodes from CD and beyond.
. PSF, PEU, and FA inherit no new reachability.

Table 4 Final Transitive Closure Matrix

IS| Tl |FST | CD | SM | CLE | ES | AFM | PSF | PEU | FA
IS 1 |1 1 1 1 1 1 1 1 1 1
Tl 0 |1 1 1 1 1 1 1 1 1 1
FST |0 |O 1 1 1 1 1 1 1 1 1
Ch |0 |O 0 1 1 1 1 1 1 1 1
SM [0 |0 0 0 1 1 1 1 1 1 1
CLE |0 |O 0 0 0 1 1 1 1 1 1
ES 0 |0 0 0 0 0 1 1 1 1 1
AFM |0 |0 0 0 0 0 0 1 1 1 1
PSF |0 |O 0 0 0 0 0 0 1 0 0
PEU |0 |O 0 0 0 0 0 0 0 1 0
FA 0 [0 0 0 0 0 0 0 0 0 1

3.5 Level Partitioning
The reachability matrix was used to determine the reachability and antecedent sets for each
enabler. Iterative level partitioning was carried out to identify different levels in the hierarchy,
where the top-level elements have no elements above them in terms of influence.

We will first determine the Reachability Set (R) and Antecedent Set (A) for each element.

Table 5 Reachability and Antecedent Sets

Element Reachability set (R) Antecedent Set (A) Intersection
(RN A)
IS IS, TI,FST,CD IS IS
Tl TI,FST,CD,PEU,FA IS, Tl Tl
FST FST, CD, SM, CLE, ES, AFM, IS, TI, FST FST
PSF, PEU
CD CD,SM,CLE,ES,AFM,PSF,PEU,F | IS, TI,FST,CD CD
A
SM SM,AFM,PSF,PEU,FA FST,CD,SM SM
CLE CLE,AFM,PSF,PEU,FA FST,CD,CLE CLE
ES ES,AFM,PSF,PEU,FA FST,CD,ES ES
AFM AFM,PSF,PEU,FA FST,CD,SM,CLE,ES, | AFM
AFM
PSF PSF FST, CD, SM, CLE, PSF
ES, AFM, PSF
PEU PEU TI, FST, CD, SM, PEU
CLE, ES, AFM, PEU
FA FA TI, CD, SM, CLE, ES, | FA
AFM, FA

The elements where R =R N A will be placed at the top level in the hierarchy.
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In the first iteration, PSF, PEU, FA form Level 1.

Identify Hierarchical Levels

Through successive iterations, we classify the enablers into hierarchical levels based on their

dependencies and driving power.

Table 6 Hierarchical Levels

Iteration Top-Level Elements (R N A)
1% Level PSF, PEU,FA

2" Level AFM

3 Level SM,CLE,ES

41 Level CD

50 Level FST

6" Level TI

7% level IS

3.6 ISM-Based Model Development

Based on the level partitions, a directed graph (digraph) was developed to represent the
hierarchical structure. Based on dependencies and hierarchical structuring, a final ISM model

is drawn where:

IS (Institutional Support) is the foundational driver.
Technological Infrastructure (T1) depends on institutional support.
Faculty Support & Training (FST) is driven by both.

Course Design (CD) is influenced by FST.

Student Motivation (SM), Collaborative Learning (CLE), and Engagement
Strategies (ES) depend on course design.

o Assessment & Feedback Mechanisms (AFM) support SM, CLE, and ES.

o Psychological & Social Factors (PSF), Perceived Ease of Use (PEU), and
Flexibility & Accessibility (FA) depend on AFM.

The structure of relationships as follows:
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Figure 4 ISM Model for student engagement in Online Higher Education

Here is the ISM model representing the hierarchical structure of enablers for student
engagement in online higher education. The foundational enablers (Institutional Support and
Technological Infrastructure) are at the base, while dependent enablers (Psychological & Social
Factors, Perceived Ease of Use) are at the top.

3.4 MICMAC Analysis for Classification

MICMAC analysis was carried out to classify the enablers based on their driving and
dependence powers. The final reachability matrix was used to calculate the driving power
(number of enablers it influences) and dependence power (number of enablers it is influenced
by). Enablers were then categorized into four clusters:

. Autonomous (weak driver, weak dependence)
. Dependent (weak driver, strong dependence)
. Linkage (strong driver, strong dependence)

. Independent (strong driver, weak dependence)
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3.4.1 Driving and Dependence Power

. Driving Power = Number of 1s in the row (i.e., how many elements this factor
influences)
. Dependence Power = Number of 1s in the column (i.e., how many elements influence

this factor)
Let’s compute this from the matrix:

Table 7 Driving and Dependence Power

Dependence Power

Enabler (Column Total)

Driving Power (Row Total)

IS 11
Tl 10
FST
CD
SM
CLE
ES
AFM
PSF
PEU
FA

(o]

PR O1O |00
N0 (o)~ WIN|FE

3.4.2 MICMAC Classification
Using the driving and dependence powers, we can place each enabler into one of the
following four clusters:

Table 8 MICMAC Classification

Cluster Criteria Enablers
Autonomous | Low driving, low dependence (None in this case)
Dependent Low driving, high dependence PSF, PEU, FA
Linkage High driving, high dependence AFM
Independent | High driving, low dependence IIESS TI, FST, €D, SM, CLE,

3.4.3 Final MICMAC Data Table
Table 9 Final MICMAC Data Table
Enabler Driving Power Dependence Power MICMAC
Category
IS 11 1 Independent
TI 10 2 Independent
FST 9 3 Independent
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CD 8 4 Independent
SM 7 4 Independent
CLE 6 4 Independent
ES 5 4 Independent
AFM 4 6 Linkage
PSF 1 8 Dependent
PEU 1 8 Dependent
FA 1 7 Dependent
3.4.4 MICMAC diagram (scatter plot)
MICMAC Analysis
12
IS,11
10 TI,10
FST,9
8 Ch,8 PSF, 51 PEU, 8
SM,7 FA, 7
6 CLE,6 AFM, 6
ES,5
4 CD, 47 SM, &1 CLE, 4| ES, 4 | AFM,4
FST, 3
2 TI, 2
IS, 1 PSF,® PEUR FA1
0
0 2 4 6 8 10 12
Driving Power Dependence Power

Figure 5 MICMAC Analysis
Interpretation:
1. Independent Variables (High Driving, Low Dependence)
These enablers strongly influence the system but are not easily influenced by others.
. IS (Institutional Support)
T1 (Technological Infrastructure)
FST (Faculty support & Training)
CD (Course Design)
SM (Student Motivation)
CLE (Collaborative learning)
ES (Engagement Strategies)
These should be the primary focus for policymakers or managers as they drive other enablers.

2. Linkage Variables (High Driving, High Dependence)

Highly dynamic and unstable- changes in these affect others and are also affected easily.
. AFM (Assessment &feedback mechanism)

Needs careful monitoring and constant alignment.

3. Dependent Variables (Low Driving, High Dependence)

These are outcomes influenced by other enablers.
. PSF (Psychological & social factors)
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. PEU (Perceived Ease of Use)

. FA (Flexibility and Accessibility)

They reflect the system's effectiveness- their improvement depends on strengthening
independent variables.

3.5 Discussion

The analysis of factors influencing student engagement in online higher education using
Interpretive Structural Modeling (ISM) and Matriced’ Impacts Croisés Multiplication
Appliquée a un Classement (MICMAC) has revealed critical insights into the hierarchical
structure and interdependencies among key enablers.

1. Key Findings from ISM Analysis:

o Institutional support and technological infrastructure emerged as foundational enablers
with high driving power, influencing other factors such as faculty support, course design, and
engagement strategies.

o Faculty support and training, coupled with well-structured course design, directly
impact student motivation, self-regulation, and engagement strategies.
o Psychological and social factors, perceived ease of use, and flexibility and accessibility

exhibit higher dependence on other enablers, highlighting their role as outcomes rather than
direct drivers of engagement.

2. Key Findings from MICMAC Analysis:

o Factors such as institutional support, technological infrastructure, and faculty training
possess strong driving power and are classified as independent variables.

o Student motivation, engagement strategies, and assessment and feedback mechanisms
act as linkage variables, indicating their influence on both driving and dependent factors.

o Psychological and social factors, perceived ease of use, and flexibility and accessibility
are highly dependent on other factors, suggesting they can be improved by enhancing the
fundamental enablers.

3. Interrelationships Among Factors:

o A structured online learning environment supported by institutional policies and
technological readiness facilitates effective faculty engagement, which in turn enhances course
design and student motivation.

o Engagement strategies and collaborative learning environments bridge the gap between
instructional delivery and student participation, ensuring sustained engagement.
o The role of psychological and social support cannot be underestimated, as it

significantly impacts students' ability to adapt to online learning.

3.6 Recommendations

1. Strengthening Institutional Support and Technological Infrastructure:

o Universities should invest in robust digital infrastructure, ensuring seamless access to
learning management systems and online resources.

o Policies should be designed to provide financial and technical support to both faculty
and students, minimizing barriers to engagement.

2. Enhancing Faculty Training and Course Design:
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o Continuous professional development programs should be implemented to equip
educators with digital teaching skills.

o Course design should incorporate interactive and multimedia-based content to promote
active learning.

3. Implementing Effective Engagement Strategies:

o Gamification, real-time feedback, and collaborative learning activities should be
integrated to enhance student participation.

o Personalized learning pathways should be developed to cater to diverse student needs
and learning preferences.

4. Improving Psychological and Social Support Mechanisms:

o Universities should establish virtual support systems, including peer mentoring and
counseling services, to address students' emotional well-being.

o Regular check-ins and engagement analytics can help identify students at risk of
disengagement, enabling proactive intervention.

5. Optimizing Assessment and Feedback Mechanisms:

o Formative assessments should be incorporated to provide ongoing feedback and
improve student performance.

o Al-driven analytics can be leveraged to track student engagement patterns and offer

personalized learning recommendations.

3.7 Conclusion

This study highlights the critical interdependencies among various enablers affecting student
engagement in online higher education. Institutional support, technological infrastructure, and
faculty training serve as fundamental drivers that shape the effectiveness of course design,
engagement strategies, and psychological well-being. The ISM and MICMAC analyses provide
a structured understanding of these relationships, offering valuable insights for educators and
policymakers.

To enhance student engagement, higher education institutions must adopt a holistic approach,
integrating technological advancements with pedagogical innovations and robust support
mechanisms. By implementing targeted strategies, universities can foster an inclusive and
engaging online learning environment, ultimately improving student learning outcomes and
academic success. Future research can explore the longitudinal impact of these enablers on
student engagement and retention in online education.

3.8 Glossary

1. Student Engagement — The level of interest, motivation, and participation
demonstrated by students in their learning process.

2. Interpretive Structural Modeling (ISM) — A methodology used to identify and

structure relationships among complex variables within a system.

3. Matriced’ Impacts Croisés Multiplication Appliquée a un Classement (MICMAC)
— A technique used to analyze the driving and dependence power of various factors in a system.
4. Institutional Support — Policies, resources, and assistance provided by universities to
enhance student learning and engagement.

5. Technological Infrastructure — The digital tools, platforms, and systems that support
online learning and student interaction.

6. Faculty Support and Training — Programs and initiatives aimed at enhancing the
digital teaching skills and instructional methods of educators.
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7. Course Design — The process of structuring online learning materials, activities, and
assessments to optimize student learning outcomes.

8. Engagement Strategies — Techniques used to encourage active participation and
involvement of students in online education.

9. Psychological and Social Factors — Emotional, cognitive, and social influences that
impact student motivation and learning behavior.

10.  Perceived Ease of Use — The extent to which students find digital learning platforms
user-friendly and accessible.

11. Flexibility and Accessibility — The ability of students to access learning resources and
adapt to different learning environments based on their needs.

12. Formative Assessments — Ongoing evaluations used to provide feedback and guide
students toward improvement during the learning process.

13.  Al-driven Analytics — The use of artificial intelligence to track student engagement
patterns and provide personalized learning recommendations.
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