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Abstract - This study investigates the impact of the 
Web-Based Interactive Blended Learning (WBIBL) 
model in harmonizing diverse student learning styles in 
the Electrical Machines course at Universitas Negeri 
Padang. The rapid advancement of ICT has led to the 
widespread adoption of blended learning (BL) in higher 
education, yet many implementations lack robust 
theoretical foundations and fail to address individual 
student characteristics, resulting in fragmented 
learning experiences. To address these issues, the 
WBIBL model was developed by integrating 
constructivist principles, interactive theories, and 
Component Display Theory (CDT) to support student 
autonomy in tailoring learning pathways and media 
preferences. A quasi-experimental single group design 
was employed, with assessments administered before 
and after the intervention. Thirty students with visual, 
auditory, and kinesthetic learning preferences 
participated in eight sessions combining traditional 
classroom instruction and web-based activities via 
Moodle. Student outcomes were measured using pre- 
and post-intervention achievement test, while learning 
styles were identified through the VAK questionnaire.  
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The findings indicate a substantial improvement in 
student learning outcomes following the 
implementation of the WBIBL model and show that 
learning gains are comparable across visual, auditory, 
and kinesthetic groups. These results highlight 
WBIBL’s potential to provide inclusive and equitable 
learning experiences for diverse learners in higher 
education. 
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student-controlled learning, educational equity, quality 
education. 

1. Introduction

The rapid evolution of educational technology and 
the increasing diversity of student populations have 
profoundly transformed the landscape of higher 
education worldwide [1], [2]. Blended learning (BL), 
integrating face-to-face (F2F) and online instruction,
emerged as a dominant instructional method, offering 
flexibility, accessibility, and opportunities for 
personalized learning [3], [4]. This hybrid approach is 
increasingly adopted by universities globally [5]. The 
global COVID-19 crisis substantially hastened the 
integration of multimodal learning frameworks, 
establishing these models as essential educational 
practices in universities and higher education 
institutions worldwide [6], [7]. This transformation in 
Indonesia is supported by national policy frameworks, 
including the higher education legislation and 
ministry regulations enacted in 2012, which establish 
distance learning requirements and criteria [8].  

Universities, including Universitas Negeri Padang 
(UNP), launched e-learning portals to support this 
paradigm [9]. At UNP, implementing BL for technical 
courses like Electrical Machines faces challenges such 
as limited access to interactive technology and the 
need to align curricula with Industry 5.0 competencies 
[5]. BL is recognized for its potential to redesign 
curricula, offering advantages like increased 
autonomy, participation, and effective learning [10], 
[11].  

https://doi.org/10.18421/TEM152-51
mailto:hans_79@ft.unp.ac.id
https://www.temjournal.com/


TEM Journal. Volume 15, Issue 2, pages 1577-1584, ISSN 2217-8309, DOI: 10.18421/TEM152-51, May 2026. 
 

1578                                                                                                                           TEM Journal – Volume 15 / Number 2 / 2026. 

It serves as an important opportunity to promote 
active learning and enhance student outcomes [12]. 

Despite its promise, the effectiveness of BL in 
accommodating diverse learning styles and ensuring 
equitable achievement remains a subject of ongoing 
debate [13], [14], [15]. Challenges persist in 
effectively implementing e-learning in many higher 
education institutions, often involving merely 
transferring traditional classroom presentations to the 
web as static documents, thus failing to fully leverage 
the interactive capabilities of ICT [8], [9], [16]. 
Furthermore, existing e-learning approaches often 
lack a consistent theoretical foundation from learning 
and instructional theories and frequently overlook 
critical student characteristics, such as individual 
learning styles and motivation [17], [18].  

Research indicates that students possess varied 
learning preferences, visual, auditory, kinesthetic 
(VAK), which are often addressed through 
segmentation or differentiated instruction [19], [20]. 
However, traditional segmentation approaches can 
inadvertently reinforce silos, limit peer interaction, 
and fail to foster a unified learning community [21]. 
This fragmentation can lead to disparities in academic 
performance, motivation, and engagement, 
undermining the inclusive potential of blended 
learning [22]. The central problem addressed in this 
study is the persistent achievement gap and 
fragmented learning experiences resulting from 
conventional approaches to accommodating diverse 
learning styles in blended learning environments [14]. 

Recognizing and integrating a variety of student 
learning preferences is broadly accepted as a 
fundamental principle in designing effective 
instructional strategies [23]. Digital content designed 
based on VAK learning styles has shown a statistically 
significant positive effect on academic achievement 
and motivation [22]. This finding suggests that the 
suitability of multimedia materials compatible with 
students’ learning preferences enhances 
comprehension and understanding [19]. To address 
these challenges, a new approach is needed that 
integrates diverse learning styles within a cohesive, 
interactive learning environment.  

A shift from segmentation to student-controlled 
interactive blended learning environments is proposed 
[11]. By empowering students to navigate, interact 
with, and personalize their learning pathways, rather 
than being assigned to rigid groups, educational 
practitioners can foster a more unified and 
collaborative learning experience [10]. For instance, 
in the Electrical Machines course, students could 
choose interactive simulations for kinesthetic learners 
or video tutorials for visual learners, creating a unified 
learning experience.  

 

This approach leverages interactive technology, 
adaptive content, and peer collaboration to harmonize 
diverse learning styles within a single, integrated 
platform [24]. 

The Web-Based Interactive Blended Learning 
(WBIBL) model introduced in this study presents an 
innovative and integrative solution designed to 
address these challenges effectively. The model is 
uniquely designed to integrate constructivist 
principles, interactive theories, and Component 
Display Theory (CDT) [17], [25]. Constructivism 
emphasizes students’ active reconstruction of 
knowledge [18], whereas interactive theory 
encourages multiple forms of engagement involving 
the learner’s interaction with content, instructors, 
peers, and technological tools [2].  

Component Display Theory (CDT) enables the 
presentation of learning materials in discrete 
components to support student flexibility [25]. CDT 
was specifically applied to ensure that learning 
materials could be presented in discrete components, 
allowing students broad control over the learning 
process, including the selection and arrangement of 
instructional components, learning pace, time, and 
place of learning [25]. This level of student control, 
where students determine their own learning flow and 
preferred media (e.g., modules, images, video 
tutorials, simulations), distinguishes our model from 
conventional BL approaches that might separate 
learning experiences based on VAK styles [20].  

Such student-centered approaches are crucial for 
fostering autonomy, critical thinking, and 
collaboration, making learning dynamic and flexible 
for 21st-century learners [11]. Recent literature 
underscores the effectiveness of interactive and 
adaptive blended learning models in supporting 
student autonomy, engagement, and achievement [7], 
[12]. Studies have shown that when students are given 
control over their learning pace, modality, and 
resources, they are more likely participate intensely, 
collaborate meaningfully, and achieve higher 
outcomes, regardless of their preferred learning style 
[21], [22]. 

However, A significant portion of prior studies has 
concentrated on the benefits of segmentation or the 
comparative effectiveness of different learning styles, 
rather than on strategies that harmonize these styles 
within a unified framework [13], [14]. There remains 
a gap in understanding how student-controlled 
interactive BL can create inclusive environments that 
support unified achievement, with limited empirical 
evidence on integrative approaches that avoid 
isolating learners [4], [21].  
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Furthermore, few investigations have examined 
the impact of unified, student-driven blended learning 
on collective achievement, engagement, and 
motivation across varied student populations [1]. 
Additionally, the potential of adaptive technology and 
peer collaboration to bridge achievement gaps among 
diverse learners in blended settings remains 
underexplored [3], [24]. 

Therefore, this study aims to investigate how 
student-controlled interactive blended learning 
environments can harmonize diverse learning styles 
and promote unified achievement in higher education 
settings. Unlike prior research that relies on 
segmentation or rigid differentiation, this study 
explores a novel, integrative approach, empowering 
students to control their learning pathways within an 
interactive blended environment [26]. The research 
examines not only individual outcomes but also the 
collective achievement and cohesion of diverse 
learners, addressing a critical gap in the literature [5]. 
In particular, this study intends to explore the 
following issues: 

 

 Does the WBIBL model significantly enhance 
student learning achievements evaluated by 
comparing results before and after intervention? 

 Is there a statistically meaningful difference in 
learning gains among students with visual, 
auditory, or kinesthetic learning preferences after 
participating in the WBIBL model? 

 

The outcomes of this study are expected to offer 
valuable insights to the academic literature on blended 
learning and the role of learning styles within 
engineering education contexts. Practically, the results 
will provide useful insights for educational 
practitioners, curriculum developers, and decision-
makers at Universitas Negeri Padang and other higher 
education institutions [3]. This research will inform 
the design of more adaptable and student-centered 
blended learning environments that effectively cater 
to diverse learning styles, potentially leading to 
enhanced student engagement and improved academic 
performance in complex technical subjects [26]. Our 
unique contribution lies in demonstrating how a 
student-controlled, interactive BL model, designed 
with multiple media types and based on Merrill’s 
theory, can lead to comparable learning outcomes 
across different learning styles, moving beyond the 
traditional approach of segmenting learning 
experiences [23], [25]. 
 
2. Methods  
 

This research utilized a quantitative methodology 
to examine how learning styles affect student 
achievement within an interactive web-based blended 
learning framework. The subsequent sections provide 
a detailed explanation of the study design and methods 
used. 

2.1. Research Design 
 
This study utilized a quasi-experimental approach 

following a single-group pretest-posttest design. The 
approach was selected due to practical limitations of 
working with a cohesive group of students in the 
Electrical Machines course, where random 
assignment to control or experimental conditions was 
not possible. The primary objective was to assess the 
impact of the WBIBL model by comparing student 
performance through evaluation of student outcomes 
prior to and following its implementation, as well as 
to examine the impact of varying learning styles on 
these outcomes. 

 
2.2. Participants 

 
The research participants involved participants 

taking part in the Electrical Machines course within 
the Electrical Engineering Department of the Faculty 
of Engineering at Universitas Negeri Padang (UNP). 
A total of 30 students, including 24 males and 6 
females, fully participated in the implementation of 
the WBIBL model. Participants were selected through 
purposive random sampling. The distribution of 
participants according to their preferred learning 
styles was as follows: 14 students (46.7%) identified 
as learners with a visual preference, 10 students 
(33.3%) as auditory preference, and 6 students 
(20.0%) as kinesthetic preference. 
 
2.3. WBIBL Model 

 
The WBIBL model, developed in prior stages of 

this research, integrates traditional classroom 
engagement coupled with online learning 
components. This model is primarily founded on the 
paradigm of constructivism, interactive theory, and 
component display theory. Constructivism highlights 
the learner’s proactive involvement in building 
knowledge, while interactive theory emphasizes 
multiple forms of engagement, such as interactions 
between the learner and content, instructors, peers, 
and technological tools. Component Display Theory 
(CDT) was specifically applied to ensure that learning 
materials could be presented in discrete components, 
allowing students broad control over the learning 
process, including the selection and arrangement of 
instructional components, learning pace, time, and 
place of learning. 

The WBIBL model was implemented over eight 
sessions in the Electrical Machines course. Three 
sessions (37.5%) were conducted face-to-face in the 
classroom, while five sessions (62.5%) were delivered 
online via a web-based e-learning platform (Moodle). 
The online components utilized various digital 
formats, including digital manuscripts, files, 
simulations, videos, and e-books.  
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This multimodal approach was designed to cater to 
diverse learning preferences and provide ample 
opportunities for student engagement. 
 
2.4. Measures 
 

The learning outcomes of students were analyzed 
using both pre-test and post-test evaluations tailored 
to the Transformer topic in the Electrical Machines 
course, comprising 60 multiple-choice questions. The 
test instrument underwent rigorous validation 
processes, including content validity checked by 
Electrical Machines course professors, and empirical 
validation through item analysis (point biserial 
correlation), which confirmed the quality of all 60 
items. The internal reliability of the test was 
established using the Kuder-Richardson-20 (KR-20) 
coefficient, yielding a value of 0.954 in the second 
field test, indicating excellent reliability. 

To assess students’ preferred learning preferences 
of Visual, Auditory, and Kinesthetic, the VAK 
questionnaire was utilized. This tool, derived from the 
Neuro-Linguistic Programming (NLP) framework, is 
an established instrument for classifying learning 
styles [19]. It assesses how individuals prefer to 
receive and process information through visual, 
auditory, or kinesthetic modalities. The VAK 
questionnaire, identifying Visual, Auditory, and 
Kinesthetic preferences, is widely used for 
understanding learning styles in various educational 
contexts [19]. The questionnaire categorizes learners 
based on their interaction mode preferences and how 
they receive and give information, acknowledging that 
while students may have dominant styles, many are 
multimodal learners. This method is recognized for its 
utility in understanding how students learn best, 
enabling educators to tailor teaching strategies and 
materials accordingly. 
 
2.5. Data Collection Procedure 
 

Data collection occurred during the second field 
testing phase of the WBIBL model. The pre-test was 
administered at the first course session before any 
instruction using the WBIBL model began. This initial 
session also served to familiarize students with the 
WBIBL model’s structure and expectations. The post-
test was administered during the eighth and final 
session of the course, following the completion of all 
learning activities related to the Transformer topic. All 
tests were conducted under controlled conditions. 
 
2.6. Data Analysis 

 
IBM SPSS Statistics software is used to analyse the 

data. The overall impact of the WBIBL model was 
first assessed by employing a paired t-test to analyse 
the mean differences relating to scores before and after 
the intervention.  

To examine the impact of preferred learning styles 
on outcomes, a learning gain score for each student 
was derived by subtracting the initial test score from 
the final test score. The normality of learning gain 
distributions for each learning style group (Visual, 
Auditory, Kinesthetic) was tested with the Shapiro-
Wilk test due to small sample sizes (N < 50). Since the 
Visual group’s normality assumption was violated (p 
= .004), the median learning gains across the three 
groups were compared using the nonparametric 
Kruskal-Wallis H test. A significance criterion of 0.05 
was adopted. 
 
3. Results 
 

This section reports the results of the data analysis, 
including participant demographics and key findings 
on the impact of the WBIBL instructional model. It 
also examines how different learning styles influenced 
student learning gains in the Electrical Machines 
course. 

 
3.1. Participant Demographics and Learning Style 

Distribution 
 

Thirty students were involved in the study 
conducted within the Electrical Machines course. The 
demographic breakdown included 24 males (80%) 
and 6 females (20%). Regarding learning styles, 14 
students (46.7%) were identified with a Visual 
learning preference, 10 students (33.3%) with 
Auditory, and 6 students (20%) with Kinesthetic 
preferences, as detailed in Table 1. 
 
Table 1. Participant demographics 
 

Characteristic Category Frequency 
(n) 

Percentage 
(%) 

Gender Male 24 80 
 Female 6 20 
 Total 30 100 

Learning 
Style 

Visual 14 46.7 

 Auditory 10 33.3 
 Kinesthetic 6 20.0 
 Total 30 100 

 
3.2. Overall Effectiveness of the WBIBL Model 

 
The WBIBL model produced substantial 

improvements in student learning outcomes. Pre-test 
scores averaged 31.11% (SD = 6.45), while post-test 
scores rose to 78.39% (SD = 21.45), representing a 
47.28% learning gain. A paired-samples t-test 
confirmed this improvement was statistically 
significant: t(29) = 15.95, p < .001. These results are 
summarized in Table 2.  
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Table 2. Summary statistics and paired-sample t-test 
outcomes comparing pre- and post-test scores 
 

Test N Mean 
(%) 

Standard 
Deviation 

Minimum 
(%) 

Maximum 
(%) 

Pre-
test 30 31.11 6.45 16.67 42.67 

Post-
test 30 78.39 21.45 28.33 98.33 

t 15.95 
df 29 

Sig. 
(2-

tailed) 
<.001 

 
3.3. Normality Test of Learning Gain Scores by Learning 

Style 
 
Before comparing learning gain scores across 

different learning styles, normality tests (Shapiro-
Wilk) were conducted for each group due to the small 
sample sizes. The results showed that learning gain 
scores were normally distributed for Auditory (p = 
.137) and Kinesthetic (p = .980) groups, but not for the 
Visual group (p = .004). This necessitated the 
employment of the non-parametric Kruskal-Wallis H 
test to conduct further comparisons among the three 
groups, as presented in Table 3. 
 
Table 3. Tests of Normality for learning gain score by 
preferred learning style (Shapiro-Wilk Test) 
 

Preferred 
Learning Style Statistic df Sig. 

Visual .789 14 .004 
Auditory .882 10 .137 

Kinesthetic .987 6 .980 
 
3.4. Comparison of Learning Gain Scores Across 

Learning Styles (Kruskal-Wallis H Test) 
 
The Kruskal-Wallis H test was applied to ascertain 

whether median learning gain scores varied 
significantly among students with differing preferred 
learning styles, Visual, Auditory, and Kinesthetic. The 
analysis yielded no statistically significant 
differences, with a chi-square statistic of 0.264, 2 
degrees of freedom, and a p-value of 0.876. This 
reflects that the effectiveness of the WBLI model was 
comparable across all learning style groups. The mean 
ranks for the groups were 15.96 for Visual, 14.35 for 
Auditory, and 16.33 for Kinesthetic learners, as 
detailed in Table 4. 

 
 
 
 
 
 
 
 

Table 4. Ranks and test statistics for Kruskal-Wallis H 
Test on learning gain scores by learning style 
 

Ranks 
Preferred Learning Style N Mean Rank 
Visual 14 15.96 
Auditory 10 14.35 
Kinesthetic 6 16.33 

Total 30  
Test Statistics 

Learning Gain Score 
Kruskal-Wallis H .264 
df 2 
Asymp. Sig. .876 

 
A bar chart illustrating the average Learning Gain 

Score for each learning style group is presented in 
Figure 1. 

 

 
 

Figure 1. Mean rank of learning gain score by learning 
style 

4. Discussion 
 

The Web-Based Interactive Blended Learning 
(WBIL) model significantly enhanced student 
learning outcomes in the Electrical Machines course, 
as evidenced by a substantial increase in average 
scores from pre-test (mean 31.11%) to post-test (mean 
78.39%), representing a 47.28% gain (p < 0.001). 
Importantly, the model’s effectiveness was consistent 
across all learning styles, Visual, Auditory, and 
Kinesthetic, with no statistically significant 
differences in learning gains among these groups, 
indicating the model’s capacity to harmonize diverse 
learning preferences and promote equitable 
achievement. This result suggests that a well-
designed, student-controlled BL environment can 
mitigate the traditional notion that distinct learning 
styles inherently lead to differential academic 
performance.  
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The observed harmonization in learning outcomes 
across different learning styles is primarily due to the 
WBIL model’s interactive and student-controlled 
nature, which is grounded in constructivist and 
interactive theories. This approach empowers students 
to take control of their learning process, including 
choosing their learning paths and preferred media 
formats, thereby mitigating the influence of inherent 
learning style differences and promoting equitable 
achievement among all students. By empowering 
students to determine their own learning flow and 
choose preferred media, the model effectively 
nullifies the potential negative impact of inherent style 
differences [23]. This contrasts sharply with 
conventional approaches that often segment learning 
experiences, inadvertently creating isolated pathways 
that may hinder comprehensive engagement and 
collective understanding [1], [11], [13]. The WBIBL’s 
emphasis on student control aligns with the idea that 
learners, regardless of their dominant style, can 
actively construct knowledge when provided with 
adaptive tools and personalized pathways [11], [23].  

The model’s multimodal resources, including 
digital manuscripts, files, simulations, videos, and e-
books, cater to all styles simultaneously within a 
unified environment. For instance, visual learners 
benefit from images and videos, auditory learners 
from video explanations and online discussions, and 
kinesthetic learners from simulations and interactive 
exercises [22]. The diverse media offerings in the 
WBIL model, guided by Component Display Theory 
(CDT), enable students to engage with learning 
materials in a manner that aligns with their individual 
learning preferences. This approach fosters active 
engagement and promotes deeper learning by 
allowing students to choose and interact with content 
through various formats, such as digital manuscripts, 
videos, simulations, and e-books. This flexibility 
supports effective knowledge construction tailored to 
each learner’s style [25]. The interactive features, such 
as collaborative activities and engagement 
opportunities within the Moodle platform, further 
ensure that various learning styles can thrive together, 
promoting peer collaboration and a sense of 
community. 

This study’s finding of no significant difference in 
learning gains across learning styles corroborates 
recent research indicating that well-designed BL 
environments can effectively accommodate diverse 
learner preferences without the need for rigid 
segmentation [14]. For example, other studies have 
found that interactive and adaptive BL models, 
especially those leveraging AI and educational 
technology, can enhance engagement, inclusivity, and 
academic performance by aligning content with 
individual learner profiles [27], [28].  

The flexibility and autonomy offered by the 
WBIBL model foster a unified and equitable learning 
experience, where students are more likely to engage 
deeply, collaborate meaningfully, and achieve higher 
outcomes, regardless of their preferred learning style 
[11], [23].  

The effectiveness of the WBIL model in fostering 
equitable learning outcomes is further supported by 
the Community of Inquiry (CoI) model. The CoI 
framework highlights three essential presences in 
blended learning: social, cognitive, and teaching. 
Social presence captures learners’ capacity to form 
personal and emotional connections. Cognitive 
presence focuses on constructing meaning through 
reflective and collaborative inquiry. Teaching 
presence relates to the design, facilitation, and 
guidance of learning activities that support inclusive 
and collaborative environments. When these 
presences are well-integrated, they promote deeper 
engagement, meaningful collaboration, and inclusive 
learning experiences, aligning with the student-
centered, interactive nature of the WBIL model [1]. 
Our findings suggest that when learners are provided 
with the tools and autonomy to navigate multimodal 
content in a student-centered manner, the impact of 
their innate learning style preferences on overall 
learning outcomes is diminished, leading to more 
equitable achievement. 

The results of this study contribute to the evidence 
base supporting interactive, student-controlled 
blended learning models as effective, inclusive, and 
equitable approaches for harmonizing diverse learning 
styles and promoting unified achievement in higher 
education. This “beyond segmentation” approach 
offers a viable solution to the persistent achievement 
gap and fragmented learning experiences often 
resulting from conventional attempts to accommodate 
diverse learning styles [4], [22]. The practical 
implications for educators are significant: Rather than 
attempting to strictly categorize and separate students 
by learning style, instructional design should focus on 
creating flexible, multimodal, and student-controlled 
environments. Curriculum designers and institutions 
should invest in platforms and content that empower 
students with autonomy over their learning pathways, 
recognizing that this fosters engagement and reduces 
disparities in academic performance. Such approaches 
necessitate ongoing professional development for 
teachers to master the creation and facilitation of these 
dynamic learning environments. 

However, this study has several limitations. First, 
the use of a quasi-experimental one-group pre-test 
post-test design, while practical, does not allow for 
direct comparison with a control group, limiting the 
strength of causal inferences.  
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Second, the relatively small sample size of 30 
students from a single institution and course may limit 
the generalizability of the findings to broader 
populations or different disciplines. Finally, while the 
VAK questionnaire is a widely adopted tool for 
identifying learning styles [19], its theoretical validity 
is sometimes debated. Future research should explore 
the long-term impact of student-controlled interactive 
BL models across diverse disciplines, larger and 
varied student populations, and multiple institutional 
contexts. Further investigations could also employ 
true experimental designs with control groups to 
provide stronger causal evidence. Additionally, 
exploring how specific interactive technologies (e.g., 
AI-powered adaptive content, virtual labs) within a 
student-controlled framework impact learning 
outcome for different styles could yield more nuanced 
insights. Research into strategies for overcoming 
implementation challenges related to technology 
access and digital literacy in diverse settings would 
also be valuable for broader adoption. 

 
5. Conclusion 

 
The Web-Based Interactive Blended Learning 

(WBIBL) model effectively harmonizes diverse 
learning styles and significantly improves academic 
achievement among Electrical Machines students. Its 
interactive, student-controlled design enables learners 
with Visual, Auditory, and Kinesthetic preferences to 
attain comparable learning gains, indicating that a 
well-orchestrated blended environment gaps typically 
associated with differences in learning styles.  

The study also offers several benefits for 
practitioners and policy makers. First, it demonstrates 
that investing in student-controlled digital resources 
(such as simulations, videos, and interactive modules) 
can support diverse learners while maintaining 
coherent course objectives. Second, it illustrates how 
LMS platforms like Moodle can be leveraged not only 
for content delivery but also for fostering interaction 
and community building, aligning with the 
Community of Inquiry perspective. However, the 
approach requires adequate technological 
infrastructure and ongoing professional development 
so that instructors can design, facilitate, and evaluate 
interactive blended activities effectively. 

Despite its contributions, this research has notable 
limitations. The one-group pretest–posttest design 
limits causal claims, and the relatively small sample 
drawn from a single course and institution constrains 
generalizability. In addition, the use of the VAK 
framework, whose theoretical validity is still debated, 
means that the findings should be interpreted with 
caution and complemented by broader conceptions of 
learner diversity. 

Future studies should therefore examine WBIBL 
implementations across different disciplines, 
institutions, and class sizes, ideally using experimental 
or quasi-experimental designs with comparison 
groups. It would also be valuable to investigate long-
term effects on motivation, self-regulation, and 
collaboration, as well as to explore how emerging 
technologies such as AI-driven adaptive systems and 
virtual laboratories can be integrated into student-
controlled blended environments. Finally, further 
research should address strategies to overcome barriers 
related to technology access and digital literacy, 
ensuring that models like WBIBL remain genuinely 
inclusive for all learners. 
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