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ABSTRACT

With the rapid development of e-learning in higher education, this study explores the appli-
cation of the problem-based learning (PBL) learning model in the e-learning ecosystem. This
article explores the concept of participatory engagement in the e-learning ecosystem and
integrates it with PBL theory through the use of ICT to support interaction and collabora-
tion. The research method used is R&D learning models in the Heavy Equipment Technology
course at Universitas Negeri Padang. The research findings should be interpreted cautiously
due to limitations such as differences in contexts across various courses and factors related
to technology implementation in the learning environment. The study results show that it
can improve learning outcomes and students’ critical thinking skills. Specifically, 70% have
implemented Bloom’s cognitive taxonomy Level C4 and above, aided by a self-reflection par-
ticipation process that enables students to reflect on content, learning processes, and under-
standing through internal dialogue, generating new ideas and solutions. This is evidenced by
the results of the Path Coefficients test with P-Value EE — LO 0.050 and PBL — LO 0.046, as
well as Specific Indirect Effect EE — SPR — LO 0.003 and PBL — SPE — LO 0.047 where the
value is < 0.05. The implications include guidance for designing effective e-learning ecosys-
tems and adaptive learning strategies in higher education. Future research is recommended
to further explore the impact of this integration and develop more effective PBL models in
diverse courses and other educational institutions.
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e-learning, problem-based learning (PBL) learner engagement, learning outcomes, e-learning
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1  INTRODUCTION

The rapid growth in education has popularized e-learning as a key tool in higher
education for productive and collaborative learning. It is replacing traditional
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teaching with online methods that offer flexibility and distance learning. This
reliance on e-learning is attributed to advances in ICT, which provide enhanced
opportunities for learner-educator interaction, online collaboration, and two-way
communication [1], [2]. This research focuses on participatory engagement in the
e-learning ecosystem, emphasizing the importance of collaboration and interaction
among learners, educators, and learning materials to promote engagement and
learning success [3]. The research explores the role of participatory learning theory
in enhancing engagement in e-learning networks, with a specific focus on using ICT
and learning materials to support learner engagement and participatory learning.
The integration of the problem-based learning (PBL) model with the e-learning eco-
system is also discussed [4], [5]. The research involves a comprehensive search for
primary studies and the development of conceptual models for participatory learn-
ing in the e-learning community. It emphasizes the importance of interaction, col-
laboration, and self-reflection in e-learning. Overall, the study has implications for
learners, educators, and developers in designing effective e-learning ecosystems [6].

Problem-based learning enhances critical thinking and learning activities
through technology, fostering positive interactions between learners and educators.
While PBL shows promise in enhancing problem-solving, critical thinking, and com-
munication skills, as well as fostering learning independence, inconsistent results
warrant further research, particularly in the realm of e-learning [7-9]. Despite
its advantages, PBL has drawbacks such as reduced emphasis on inquiry, challenges
in formulating problems, and issues with time management and learner discipline
[10-12]. However, disadvantages of PBL include orientation towards the less inquiry
component, difficulty in formulating problems, less effective time management, a
lack of learner initiation and discipline, and the need for more challenging authentic
problems [13]. To address these concerns and enhance higher order thinking skills
(HOTS) for the industrial revolution 4.0 era, future research should focus on refining
the PBL model and assessing its validity, practicability, and effectiveness [14-16].

Online PBL offers self-learning, collaboration, and problem-solving benefits, although
challenges such as smartphone use persist. Tara International School’s studies reveal
the effectiveness of PBL-Coach (cPbL), a virtual learning environment, in enhancing
outcomes, with a focus on technological constraints [17-21]. Further research should
assess cPbL across diverse contexts and subjects, integrating PBL principles into virtual
learning environments [22-24]. Blended learning (BL), bPbL, combining online and
face-to-face methods, aligns with cPbL in evaluation and learning time, providing flex-
ibility in location and time savings. Research is advised to explore the impact of inter-
active online platforms on contextual and collaborative learning. In the United States,
the integration of PBL and VR in engineering education enhances engagement, yet
challenges related to high costs persist. Future research should span disciplines, extend
into STEM fields, and employ more objective evaluation methods [25-27]. PBL with
VR enhances learner engagement and understanding, but challenges such as high costs
and integration issues exist. Future research should encompass diverse disciplines,
extend into STEM fields, and prioritize more objective evaluation methods [28-30].

Problem-based learning in online learning involves several steps, such as pre-
senting problems, self-directed or group analysis, online discussions, solution devel-
opment, and presentations. At SMA Negeri Plus Riau, class XI utilizes PBL with the BL
method for teaching excretory system material, providing flexibility and promoting
independent learning [22], [31], [32]. Despite enhancing critical and creative think-
ing, limitations include a lack of evaluation skills and limited generalization. Future
research should involve more schools, classrooms, and variables such as learning
motivation and parental participation [33-35].
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In Computer and Information Technology 1 (CIT1), PBL on Facebook enhances
problem-solving and programming skills but faces challenges in accessibility and learn-
ers’ technological skills [5]. Research in Indonesian high schools show the advantages of
PBL in improving learning outcomes and spatial thinking. However, it also highlights
challenges related to interaction in fully online settings. Recommendations include
expanding to higher education and integrating PBL with blended learning [36-38]. At the
Biology Education Study Program at the University of Bengkulu, PBL with BL enhances
learning engagement and fosters critical thinking skills. Challenges include internet
access and technology understanding, with recommendations for broader learner and
subject inclusion and consideration of interactive online platforms [39-42]. PBL prin-
ciples in online learning involve cognitive development, material transformation, and
evaluation of benefits and drawbacks. Advantages include task authenticity, indepen-
dent learning, and varied teaching methods. Drawbacks include the difficulty of finding
suitable solutions and materials. Research suggestions include exploring technology sup-
port for PBL and engaging teaching strategies in online learning, especially PBL [43-46].

Research at SMA Islam As-Shofa in Pekanbaru, underscores the effectiveness of
(PBL) in improving higher-order thinking skills and academic achievements among
12th-grade science students using online platforms such as Zoom, Google Meet, and
Google Classroom [47-50]. Abai Kazakh National Pedagogical University’s study in
Kazakhstan reveals that the e-learning environment supports PBL by providing
diverse resources and fostering interaction between learners and teachers, thereby
increasing engagement and collaboration [51-54]. However, limitations include
restricted social interaction and experiences because of a unified online platform.
Strategies such as optimizing face-to-face learning based on the e-learning ecosys-
tem are recommended [55-57]. At the Faculty of Information and Communication
Technology, Mataram Universityof Technology, e-PBL research demonstrates benefits
in terms of time and space flexibility, student collaboration, and enhanced informa-
tion system analysis skills. Challenges involve technical aspects and training support.
Recommendations focus on developing sophisticated e-PBL applications, incorporat-
ing more disciplines, and exploring interactive online platforms and advanced tech-
nology to enhance the effectiveness of PBL with blended learning methods [58-61].

It is important to address identified deficiencies by offering a more balanced dis-
cussion that emphasizes potential obstacles and criticisms associated with integrat-
ing PBL into the e-learning ecosystem. This will help improve the overall quality and
depth of the research. This method would provide readers with a more nuanced view
by addressing topics such as learner discipline, uneven technology accessibility, and
potential PBL model flaws. Furthermore, a more thorough examination of the peda-
gogical changes required for PBL to be successfully implemented in online learning is
essential. These changes should include aspects such as curriculum design, assessment
techniques, and teacher preparedness. By focusing on these areas, the study can offer
insightful information on the practical considerations and modifications that educators
and institutions need to make to successfully implement PBL in an online learning
environment. A more coherent synthesis of the most important data is now required,
despite the insightful information from several research studies on PBL integration.
Finding overarching themes and patterns in the current dispersion of knowledge across
various educational contexts, technologies, and issues can be challenging for readers.
The synthesis should focus on identifying similarities, differences, and emerging trends
in the impact of PBL in the context of e-learning to enhance accessibility and clarity.
This comprehensive summary will make a significant contribution to the existing body
of knowledge and aid educators, researchers, and policymakers in navigating the rap-
idly evolving field of e-learning and interactive learning approaches [62], [63].
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Researchers are intrigued by the possibility of elaborating on the research results
mentioned above. They are interested in innovating by integrating the e-learning eco-
system into the PBL learning model. This research focuses on participatory learning in
within the e-learning ecosystem, which includes structured and independent learning
activities conducted online as well as face-to-face activities offline. This model max-
imizes the function of e-learning as a complement. This learning model emphasizes
the significance of interaction, collaboration, and reflection, and it has implications for
learners, educators, and developers when designing effective e-learning ecosystems.
This study aims to investigate the impact of integrating PBL learning models with the
e-learning ecosystem on learners’ participation and learning outcomes.

2  RESEARCH METHODS

This article aims to provide a comprehensive overview of the conceptual framework
that underlies our research in exploring the potential integration of e-learning ecosys-
tems in PBL within higher education institutions. This conceptual framework outlines
the theoretical foundations, key variables, and relationships between variables that are
the focus of the analysis. By exploring the core elements of problem-based learning and
Integrating innovative aspects of the e-learning ecosystem, this conceptual framework is
expected to provide a strong foundation for a comprehensive understanding of the pos-
itive impact that this approach can have on student learning outcomes. By detailing the
structure and interrelationships of key variables, we hope that this conceptual frame-
work will provide valuable guidance for future research and contribute to the develop-
ment of more adaptive and responsive learning strategies at the higher education level.

The research method used is the research and development (R&D) learning
model. The instruments used to collect the data include test sheets, questionnaires,
and observations [1]. This study involved 50 students who were enrolled in Heavy
Equipment Technology courses in the S-1 Automotive Engineering Education Study
Program at Padang State University, Indonesia. The three-month research period,
spanning from August 2023 to October 2023, included eighteen meetings. The range
of values that appear is also utilized to calculate data from observations of learn-
ing activities and set the criteria. The indications of critical thinking ability—such
as problem formulation, argumentation, deduction, induction, evaluation, and
decision-making—are utilized to analyze students’ critical thinking skills. After cal-
culating the overall score for each indicator, the percentage is determined.

This study utilizes reflective measurement models for the concepts of “Improve-
ment of Learning Outcome” and “Student Participation” ensuring internal consis-
tency of selected indicators. Confirmatory factor analysis is used to assess the degree
to which indicators reflect latent constructs. The reflective model provides flexibility
tochangesin indicators, is relevant for measuring progress over time in the e-learning
environment, and is expected to improve the accuracy of research results related to
the innovative integration of the e-learning ecosystem PBL in higher education [6].

This study utilizes SmartPLS 4 for data analysis to enhance critical thinking skills
in the context of heavy equipment technology learning. The partial least squares
structural equation modeling (PLS-SEM) method is utilized, which includes assess-
ing measurement and structural models as well as evaluating the goodness of fit of
the models. SmartPLS 4 outputs, including standard values such as average variance
extracted (AVE), coefficient of determination (R2), and path coefficient significance,
will be interpreted. The evaluation also includes the use of specific indirect effect
(SIE) to identify the role of mediators in variable relationships [64].
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The variables used in this study by researchers are in the form of independent
variables, including ecosystem e-learning (X1) and PBL (X2). Intervening variables
include student participation with content (Z1), student participation with stu-
dents (Z2), student participation with educators (Z3), student participation with
self-reflection (Z4), and the dependent variable learning outcomes (Y). The afore-
mentioned variables will be measured and evaluated based on the distribution of
questionnaires for variables X1, X2, Z1, Z2, 73, and Z4. However, for Y, it will be
derived from data on student achievements during lectures. For more details about
variable measurements, researchers will show them in Table 1.

Table 1. Research variables

Variable Measurement Indicator
Items
Ecosystem X11 YouTube Media Original Material Researchers
G X1.2 Display/Interface Konten E-learni
(D) . isplay/Interface Konten E-learning
X13 Content Accessibility
X14 Content Module
Problem- X2.1 Discussion Between People
?PaBSSi Learning X2.2 Best Solutions produced
X2.3 Solution Presentation
X2.4 Each group’s response
Student 711 Measure the extent to which students are actively engaged with the learning material presented
\I/)\?i{ﬁcclgi?eﬁ 71.2 The level of student exploration of learning content and their activeness in seeking additional information
(SPC) 71.3 How often students interact with learning material, such as composing questions, giving responses,
or discussing content
Student 721 The level of collaboration and interaction between students and others in learning activities
S\Ziﬁcslgla&;% 72.2 The extent of student involvement in group discussions or cooperative activities with peers
(SPS) 72.3 Measure how students give and receive feedback from others during the learning process
Student 73.1 How often students interact with educators, including questions, discussions, or consultations
qumpatlon R The extent to which students receive feedback and guidance from their educators
with Educators
(SPE) 73.3 Measure whether students seek academic support and participate in resources provided by educators
Student 74.1 How often students engage in self-reflection activities, such as personal evaluations
E;ECSIS?UOH 74.2 The extent to which students set personal goals and involve themselves in the self-planning process
Reflection (SPR) 74.3 Measure whether students are actively self-assessing their progress in learning
Learning Y11 Students’ academic performance following participation in problem-based learning with the e-learning
Outcomes (LO) ecosystem integrated
Y1.2 The degree to which students’ involvement in problem-based learning helps them enhance their problem-
solving abilities
Y13 Critical thinking abilities of students as a result of problem-based learning, particularly through
experiential learning
Y14 Assess the degree to which students can utilise the knowledge they have acquired in practical or

real-world settings.
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The conceptual structure of this study will be further explained in Figure 1
for additional information. In this regard, integrating the e-learning environment
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is starting to show promise as a way to improve student learning outcomes and
enhance learning effectiveness.

Fig. 1. Research conceptual framework

3  RESULTS AND DISCUSSION

Partial least squares structural equation modeling analysis has become a popu-
lar research method in education for examining relationships between variables in
conceptual models. In this study, we utilized SmartPL.S4 to conduct PLS-SEM analy-
sis to gain a deeper understanding of the relationship between variables. As a result,
we present graphs illustrating the validation of the model and the degree to which
the constructs involved demonstrate a significant relationship in this study. The fol-
lowing researchers present the results of the PLS-SEM output in Figure 2.

X12
X13
X14

X111

Fig. 2. PLS-SEM output results
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3.1 Measurement model evaluation

The results of the convergent validity calculation for each variable are presented
in Table 2.

Table 2. Convergent validity

Variable Cronbach’s .Com'posite 'COI'n.posite Average Variance
Alpha Reliability (tho_a)  Reliability (rho_c) Extracted (AVE)
EE 0.897 0.983 0.927 0.760
LO 0.864 0.880 0.908 0.711
PBL 0.886 0.942 0.918 0.736
SPC 0.763 0.895 0.850 0.656
SPE 0.765 1.159 0.832 0.627
SPR 0.746 0.823 0.848 0.651
SPS 0.759 0.814 0.857 0.669

Convergent validity analysis revealed favorable outcomes for the study’s mea-
surement tools. With values over 0.70, all Cronbach’s Alpha values for the con-
structs of EE, LO, PBL, SPC, SPE, SPR, and SPS are at a good level, indicating excellent
instrument reliability. Furthermore, the composite reliability values (rho_a and
rho_c) exhibit high values, indicating consistency among the items comprising the
construct. This increases trust in the dependability of the measurement device.
Additionally, each construct’s AVE values are above 0.50, suggesting that they can
account for the majority of their own variability. These numbers are also quite
impressive. This is based on the terms of reference [64]. Based on these results, it
can be said that the measurement tools used in this study are valid and reliable for
measuring the variables EE, LO, PBL, SPC, SPE, SPR, and SPS since they demonstrate
a high degree of dependability and excellent convergence with the concept being
measured. The results of the discriminant validity calculation for each variable are
presented in Table 3.

Table 3. Discriminant validity

Based on the results of the correlation matrix analysis, it can be concluded that
the conceptual model of this study has successfully achieved an acceptable level of
discriminant validity between the constructs involved, as all correlation coefficients
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obtained are below 0.90. Correlations between construct variables, such as EE, LO,
and PBL, tend to remain at distinguishable levels, suggesting that each construct
is conceptually distinct from the others. The weak correlation values between EE
and LO, as well as PBL and LO, support the belief that these concepts have unique
properties and are not closely related within the framework of this study. Similarly,
the low correlation between learner-participation variables (SPC, SPE, SPR, SPS) sug-
gests that each of these variables is distinct, providing a solid foundation for exam-
ining their impact on LO.

In conclusion, these findings provide empirical support for the construct validity
in research models, confirming that measurement instruments are reliable for mea-
suring the concepts being studied. This information provides a solid foundation for
further interpretation of the results and findings within the study’s context.

3.2 Structural model evaluation

The fundamental components of PLS-SEM analysis are structural models, which
enable us to comprehend the relationships between variables within the study
framework. Evaluation becomes a crucial stage in ensuring the validity and depend-
ability of research findings when considering the quality of structural models.
To complete this assessment, several important details are provided, including the
strength of the association, the analysis of the variance, and the significance test
for the parameters. Through the implementation of a comprehensive assessment of
structural models, this investigation can ensure the validity of results and provide
a detailed perspective on the dynamics of variable connections within the research
framework. The evaluation’s findings serve as a strong foundation for a more com-
prehensive explanation of the significance and implications of the study findings.
The findings of the structural model examination are presented below.

The mentioned variance analysis (R-squared) gives a sense of how well the
dependent variable’s variation can be explained by the model. When the R-squared
number is high, the model is doing a good job of explaining the data’s variability. The
R-squared test results are displayed in Table 4.

Table 4. Coefficient of determination

R-Square R-Square Adjusted

LO 0.648 0.598
SPC 0.279 0.248
SPE 0.195 0.143
SPR 0.344 0.301
SPS 0.219 0.168

The table’s R-squared and adjusted R-squared analyses demonstrate how effec-
tively structural models can explain changes in the dependent variable. With an
R-squared of almost 64.8%, the variable LO indicates that the independent factors in
the model account for the majority of the variation in learning outcomes attainment.
This percentage remained constant at 59.8% after adjustment. The independent
variable may account for approximately 27.9% of the variation in learner involve-
ment with content, as indicated by the SPC variable’s R-squared of about 27.9%,
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which decreased to 24.8% after adjustment. Lower R-squared values for the SPE and
SPS variables suggest that the variances in learners’ interactions with teachers and
peers may not have been fully accounted for by the model.

After correction, the R-squared for the SPR variable dropped to 30.1%, indicating
that the independent variable could account for approximately 34.4% of the varia-
tion in learner involvement with self-reflection. In general, the model exhibits a high
level of confidence in its capacity to elucidate fluctuations in dependent variables.
The strong R-squared and adjusted R-squared values of the L.O variable demonstrate
the quality and reliability of the model in capturing how specific circumstances
affect learning outcomes. This review sheds light on how well the model explains
differences in learner engagement concerning content, teachers, self-reflection, and
other learners, despite the learner participation variable having a lower R-squared
value. To sum up, the model provides a solid framework for examining the correla-
tions between variables. However, further interpretation should consider the theo-
retical background and real-world applications of these results.

This section contains graphical data that illustrates the extent to which the con-
structs examined in this study are meaningfully linked and provides a visual sum-
mary of the validation of path coefficient relevance and statistical significance. By
carrying out a bootstrapping test, the researcher presents the results graphically
in Figure 3.

X12

0.823 (0.000)
o

x11
211

212

213

-
0.701 (0.002)
0.289 (0.000) 222

-~
0.865 (0.000)
~
0.764 (0.000)

r 0.866 (0,000

; 506 (0.000) ety
0.874 (0.000)
A

0.755 (0.000) Z32
0.921 (0.000)
-

—
0820 (5000) _-
0.716 (0.000) 242
m 0.376 (0 000)
-4

A
0.796 (0.000)
~
0.915 (0.000)
0.873 (0.000)
~
0844 (0 000)
r

Fig. 3. Bootstrapping output graphic

The route and loading coefficients are used to quantify the strength of the relation-
ship between the variables. An indication of a strong correlation between the inde-
pendent and dependent variables is a significant path coefficient. The indications
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thus demonstrate a strong reflection of the measured construct, as evidenced by a
high factor loading on the latent variable. The output will be displayed in Table 5.

Table 5. Statistical significance and relevance of path coefficients

Researcl! Original Sample 326:1111232(111 T Statistics P Result
Hypothesis Sample (0) Mean (M) (STDEV) (|O/STDEV|) Values
H1 | EE—>LO —-0.261 -0.244 0.159 1.647 0.050 | Accepted
H2 | EE — SPC 0.293 0.293 0.155 1.884 0.030 | Accepted
H3 | EE — SPE 0.357 0.379 0.192 1.864 0.031 | Accepted
H4 | EE — SPR 0.550 0.540 0.165 3.334 0.000 | Accepted
H5 | EE— SPS 0.369 0.369 0.192 1.924 0.027 | Accepted
H6 | PBL —LO 0.231 0.231 0.137 1.686 0.046 | Accepted
H7 | PBL — SPC 0.516 0.527 0.109 4715 0.000 | Accepted
H8 | PBL — SPE 0412 0.415 0.169 2435 0.007 | Accepted
H9 | PBL — SPR 0.194 0.196 0.152 1.279 0.100 | Rejected
H10 | PBL — SPS 0.216 0.216 0.167 1.297 0.097 | Rejected
H11 | SPC— 1O 0.261 0.249 0.135 1.925 0.027 | Accepted
H12 | SPC — SPS 0.122 0.121 0.143 0.853 0.197 | Rejected
H13 | SPE—>LO 0.286 0.290 0.123 2.324 0.010 | Accepted
H14 | SPE — SPR 0.147 0.157 0.133 1.107 0.134 | Rejected
H15 | SPR—LO 0.479 0.472 0.136 3.536 0.000 | Accepted
H16 | SPS—LO 0.038 0.037 0.132 0.286 0.387 | Rejected
H17 | SPS — SPE -0.078 -0.051 0.228 0.343 0.366 | Rejected

Analysis of statistical significance and relevance of path coefficients revealed sev-
eral important findings. The relationship between EE and LO was negative (coeffi-
cient —-0.261), significant at a 95% confidence level (T statistics: 1.647, P value: 0.050).
EE has a significant positive relationship with SPC (coefficient 0.293) and SPE (coef-
ficient 0.357), as well as a highly significant relationship with SPR (coefficient 0.550)
and SPS (coefficient 0.369). PBL also makes a significant positive contribution to LO
(coefficient 0.231), SPC (coefficient 0.516), SPE (coefficient 0.412), and SPR (coefficient
0.194). Although PBL’s association with SPS and some other relationships showed
positive correlations, not all reached conventional levels of significance. Thus, the
results of the analysis provide insight into the strength and significance of various
relationships within the structural model being studied.

Analysis of path coefficients reveals key findings concerning variable relation-
ships in structural models. EE has a significant negative relationship with LO, while
it has a significant positive relationship with learner participation (SPC, SPE, SPR,
SPS). This is in accordance with research indicating that PBL makes a significant
positive contribution to LO and SPC, as well as SPE and SPR. Although the association
of learner participation with LO is not necessarily significant at the 95% level, the
findings suggest a potential positive impact of learner participation on learning out-
comes. These conclusions offer deeper insights into the intricate interactions among
EE, PBL, learner participation, and LO. This is beneficial for policymakers and edu-
cation practitioners when designing more effective strategies in PBL models.
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This result is consistent with other studies demonstrating a strong relation-
ship between PBL utilization and the e-learning ecosystem within the realm of
modern education. PBL may be successfully used in the e-learning ecosystem to sup-
port students’ cognitive growth and cooperative learning [43]. Students can interact
with instructors, other students, and real-world web content in e-learning environ-
ments [1]. In addition, the e-learning ecosystem can be utilized as a tool in con-
junction with the integration of PBL in classroom instruction to foster interaction
among students and facilitate the exploration of challenging concepts, aligning with
the collaborative essence of e-learning. Therefore, integrating PBL into the e-learn-
ing ecosystem can enhance the effectiveness of online education by fostering active
learning, problem-solving skills, and cognitive development. It can also improve the
effectiveness of online education and BL among learners.

3.3 Model match

When assessing the indirect influence of an individual mediator on the depen-
dent variable (DV), researchers employ the specific indirect effect (SIE) in pathway
analysis. SIE explains the role of each mediator in the interaction between IV and
DV and assists in identifying specific pathways that have a significant influence in
a model. SIE analysis helps create theories, refines conceptual models, provides a
comprehensive understanding of the mechanics underlying variable interactions,
and offers a breakdown of the contributions made by each component of the model.
The findings of the specific indirect effect are displayed in Table 6.

Table 6. Specific indirect effect

Standard

LT s;?r]:ﬁlig ?3)) Nf:;?lp(lla) DSiatoy (|Tos/tsaTt11)SS\§T) e
(STDEV)
PBL — SPC — SPS — SPE — SPR — LO —0.000 —0.000 0.003 0.121 0.452
SPC — SPS — SPE — SPR —0.001 —-0.001 0.011 0.133 0.447
SPC — SPS — SPE — SPR — LO -0.001 -0.001 0.005 0.125 0.450
EE — SPC — SPS — SPE -0.003 —0.002 0.014 0.198 0.421
EE — SPS — SPE — SPR —-0.004 —0.003 0.020 0.209 0417
PBL — SPC — SPS — SPE — SPR -0.001 -0.001 0.006 0.128 0.449
PBL — SPE — SPR — LO 0.029 0.029 0.031 0.934 0.175
SPC — SPS - LO 0.005 0.006 0.027 0171 0.432
EE — SPE — SPR 0.052 0.058 0.064 0.816 0.207
EE - SPR - 10 0.263 0.250 0.096 2.734 0.003
PBL — SPS — 1O 0.008 0.013 0.037 0.221 0412
EE — SPC - LO 0.076 0.071 0.057 1.332 0.092
PBL — SPC — SPS — SPE -0.005 -0.004 0.023 0.217 0414
SPS — SPE — SPR -0.011 -0.005 0.048 0.240 0.405
PBL — SPS — SPE — SPR — LO —-0.001 —0.001 0.007 0.173 0431
PBL — SPC — SPS 0.063 0.062 0.078 0.802 0.211
(Continued)
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Table 6. Specific indirect effect (Continued)

(onfel Semme pevain TS (P
(STDEV)

PBL — SPC — SPS — SPE — LO —-0.001 —-0.001 0.007 0.195 0.423
EE — SPS — SPE — SPR — LO —-0.002 —0.001 0.010 0.195 0.423
PBL — SPS — SPE —0.017 —-0.015 0.066 0.256 0.399
PBL — SPC - LO 0.134 0.133 0.084 1.602 0.055
EE — SPS — SPE —-0.029 —-0.025 0.095 0.303 0.381
EE — SPC — SPS — SPE — 1O —-0.001 —0.001 0.004 0.183 0.428
EE — SPS— LO 0.014 0.006 0.053 0.262 0.397
EE — SPS — SPE — LO —0.008 —0.007 0.029 0.281 0.389
PBL — SPC — SPS — LO 0.002 0.003 0.014 0.169 0.433
EE — SPC — SPS — SPE — SPR — L.O —0.000 —0.000 0.002 0.113 0.455
PBL — SPE — SPR 0.061 0.060 0.063 0.958 0.169
PBL — SPE — 1O 0.118 0.117 0.070 1.672 0.047
SPC — SPS — SPE —-0.010 —0.008 0.043 0.222 0412
SPS — SPE - LO —-0.022 —-0.013 0.070 0.322 0.374
EE — SPE — SPR — LO 0.025 0.028 0.034 0.747 0.228
EE — SPE — LO 0.102 0.109 0.077 1.324 0.093
SPC — SPS — SPE — L.O —0.003 —0.002 0.013 0.206 0418
EE — SPC — SPS 0.036 0.033 0.051 0.696 0.243
EE — SPC — SPS — SPE — SPR —0.000 —-0.000 0.003 0.121 0.452
SPS — SPE — SPR — LO —0.005 —0.003 0.025 0.222 0.412
PBL — SPR - LO 0.093 0.092 0.080 1.169 0.121
PBL — SPS — SPE — SPR —0.002 —0.002 0.013 0.191 0424
PBL — SPS — SPE — LO —0.005 —0.004 0.021 0.233 0.408
SPE — SPR — LO 0.070 0.077 0.070 0.998 0.159
EE — SPC — SPS — 1O 0.001 0.002 0.009 0.153 0.439

Based on the results of the STE analysis, the main findings indicate that there is no
significant special effect of PBL, SPC, or EE variables on the LO through the specific
pathways specified in the SIE output. However, there are some interesting findings.
First, there are significant special effects from EE to LO through the EE — SPR — LO
pathway, indicating that the e-learning ecosystem has a substantial impact on learn-
ing outcomes through student participation with educators (SPR). Furthermore, PBL
also demonstrates a significant influence on LO through the PBL. — SPE — LO path-
ways, highlighting the significant role of student participation with educators (SPE)
as mediators between problem-based learning and learning outcomes. Although
some minor relationships with special effects were identified, such as EE — LO
through multiple mediators, PBL — LO through multiple mediators, and EE — stu-
dent participation with students (SPS) — LO.

This result is consistent with other studies that have found a strong correlation
between learners’ interactions for learning progress and their ability to address
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significant issues, which is closely linked to self-reflection within the e-learning
environment. Through internal discussion, the reflection process enables students
to consider the material, the learning process, and their comprehension, lead-
ing to the generation of new concepts and solutions based on prior experiences.
They offer information from various perspectives in learning activities, enabling
critical analysis and the integration of knowledge to create something new [65].
Additionally, self-reflection cultivates new resources, promotes higher-order think-
ing, and enhances the learning community. Therefore, self-reflection is essential for
enhancing the e-learning ecosystem experience for students, enabling deeper con-
tributions to the learning community and active participation [1]. PBL also helps
students become more independent, provides a realistic view of academic obstacles,
boosts their confidence, and enhances their problem-solving, critical thinking, and
communication abilities [14], [15].

An in-depth examination of problem-based questions that align with cognitive
level C4 of bloom’s taxonomy has a significant impact on students’ development of
critical thinking abilities. Incorporating these types of questions into the classroom
fosters higher-order cognitive abilities that go beyond simple memory or under-
standing. By using questions from cognitive level C4, students are forced to think
analytically critically analyze, and evaluate the material. The previously described
PBL approach is essential for fostering cognitive development. PBL challenges stu-
dents to apply their knowledge, analyze complex problems, and generate solutions
by immersing them in real-world scenarios. This supports the goals of cognitive
level C4, by encouraging students to evaluate the significance of information, think
critically, and draw defensible conclusions. The study emphasizes the value of utiliz-
ing problem-based questions at cognitive level C4 in the PBL framework and high-
lights how they help students in higher education develop and improve their critical
thinking abilities [66].

Emphasizing cognitive level C4 and above questions within the PBL model not
only enhances individual skill development but also fosters collaborative learning
experiences. As students grapple with real-world problems, engaging in discussions
and sharing perspectives, the collaborative aspect of PBL elevates the critical think-
ing process. This integration aligns with the broader goal of preparing students
for the demands of the 21st-century workforce, where critical thinking skills are
increasingly vital. The research advocates for intentionally incorporating cognitive
level C4 and above questions within the PBL pedagogy, emphasizing their role in
both academic development and equipping students with essential skills for future
careers. The symbiotic relationship between cognitive level C4 and above questions
and the PBL. model emerges as a key theme in fostering critical thinking skills among
higher education students. This approach not only enhances individual cognitive
abilities but also promotes collaborative learning, preparing students for the chal-
lenges of the modern world. As educators and institutions refine pedagogical strat-
egies, the intentional use of cognitive level C4 and above questions within the PBL
framework emerges as a promising avenue for cultivating the next generation of
critical thinkers and problem solvers.

4  CONCLUSION

The integration of PBL and e-learning ecosystems in modern education can
effectively enhance cognitive development and promote collaborative learning
among students. The e-learning ecosystem provides opportunities for interaction
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among learners, educators, and authentic online materials. The use of the e-learning
ecosystem as a tool and the integration of PBL in classroom teaching can stimulate
learner interaction and exploration of difficult concepts, aligning with the collabo-
rative nature of e-learning. The integration of PBL into the e-learning ecosystem can
enhance the effectiveness of online education by fostering active learning, prob-
lem-solving skills, and cognitive development. This integration can also improve the
effectiveness of online education and BL among students. In addition, these find-
ings show that self-reflection in the e-learning ecosystem plays an important role in
learners’ interactions, contributing to learning progress and problem-solving. The
reflection process enables learners to contemplate the content and learning process,
fostering the generation of new ideas based on past experiences. In the context of
learning activities, self-reflection promotes higher-order thinking, generates new
insights, and enriches the learning community. While PBL provides advantages in
improving problem-solving skills, critical thinking, communication, and learning
independence.

This combination provides a realistic picture of academic challenges, increases
learner confidence, and enriches the learner experience in the e-learning ecosys-
tem. Therefore, the integration of PBL and self-reflection can significantly enhance
the quality and impact of learning within the e-learning ecosystem. It is important
to emphasize that a more thorough understanding of the contextual and structural
models is also required for a deeper understanding of the dynamics integrating of
the e-learning ecosystem with problem-based learning.

4.1 Implications and suggestions

Further research is expected to develop a more innovative learning model to
enhance participation (SPS). In this study, there was still a lack of significance of the
SPS variable compared to several other variables. Consequently, further research
across diverse courses and educational institutions is necessary to enhance our
understanding of the broader implications of this integration.

To optimize the effectiveness of this learning model, it is important to prioritize
and improve internet infrastructure. A reliable and high-speed internet network
will ensure a smooth learning experience, supporting PBL integration within the
e-learning ecosystem. These improvements not only facilitate a smoother learning
process but also pave the way for continued progress in the e-learning ecosystem.
Investing in robust internet connectivity is crucial for unleashing the full potential
of this integrated education model.
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