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Article Info Abstract
Asynchronous online learning offers flexibility in time and pace; however, it is
Article history: frequently associated with low student engagement and superficial knowledge

construction. This study aims to examine the effect of discovery learning strategies
on students’ learning engagement and knowledge construction in an asynchronous
learning environment. A quantitative quasi-experimental design with a posttest-
only control group was employed, involving 64 tenth-grade students of SMA Nurul
Jadid, divided into an experimental group (n = 32) and a control group (n = 32). The
Keywords: experimental group engaged with Moodle-based modules structured according to
discovery learning stages, while the control group used conventional expository
modules over four learning sessions on the topic of prayer. Data were collected
using an adapted Student Engagement Scale (Cronbach’s alpha = 0.87) and an
analytical rubric to assess knowledge construction (inter-rater reliability = 0.85).
Multivariate analysis (MANOVA) revealed a significant difference between the
groups (Pillai’s Trace = 0.520; F(2, 61) = 33.006; p < 0.001). Univariate results
indicated that the experimental group achieved higher learning engagement (M =
82.45, SD = 6.12) than the control group (M = 70.10, SD = 7.45), F(1, 62) = 52.505;
p < 0.001, and demonstrated superior knowledge construction (M = 85.20, SD =
5.89) compared to the control group (M = 72.35, SD = 8.10), F(1, 62) = 52.680; p <
0.001. These findings conclude that discovery learning is an effective instructional
strategy for enhancing engagement and fostering deeper, more meaningful
knowledge construction in asynchronous online learning environments..
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INTRODUCTION

Asynchronous online learning has become an increasingly prominent feature of
contemporary education, particularly as institutions seek to expand access and flexibility in learning
environments. This mode allows students to regulate their own learning pace, revisit instructional
materials, and manage study schedules independently, which aligns with the demands of modern,
technology-mediated education (Lee, 2021; Li & Wong, 2025; Mcguire, 2026; Nikolopoulou, 2023;
Okoye et al., 2021). However, the flexibility offered by asynchronous systems does not automatically
ensure the quality of learning experiences. In many cases, students engage in learning activities only
at a procedural level, focusing on fulfilling administrative requirements such as accessing content or
submitting assignments without engaging in meaningful cognitive processing (Barkley & Major,
2020; Bean & Melzer, 2021; Hew, 2016; Niickles et al., 2020). Such patterns suggest that flexibility
alone is insufficient to promote deep learning. Without intentional instructional design,
asynchronous learning environments risk fostering passive engagement rather than active
knowledge construction (Czerkawski & Lyman, 2016; Ho, 2024; Mansour, 2024; Soydan Oktay &
Yiizer, 2024). Therefore, the effectiveness of asynchronous learning depends heavily on how learning
activities are structured to promote meaningful intellectual engagement.

Empirical observations indicate that many asynchronous learning environments struggle to
maintain high levels of student engagement. Engagement, as conceptualized by Martin & Borup
(2022) and Wong & Liem (2022), encompasses behavioral, emotional, and cognitive dimensions that

* Corresponding author:
Chusnul Muali, Universitas Nurul Jadid Paiton Probolinggo, INDONESIA
chusnulmuali@unuja.ac.id


https://portal.issn.org/resource/ISSN/2598-8735
mailto:chusnulmuali@unuja.ac.id

Al Qodiri: Jurnal Pendidikan, Sosial dan Keagamaan
Abuddar & Muali The Influence of Discovery Learning Strategy...

collectively determine the quality of learning experiences. In online contexts, engagement should not
be limited to mere participation indicators such as attendance or task completion, but should reflect
deeper involvement, including critical thinking, sustained attention, and active contribution to
discussions (Chen et al., 2018; Conrad & Openo, 2018; Lan & Hew, 2020; Ouyang & Chang, 2019).
However, several studies have reported declining levels of engagement in asynchronous settings,
where students often feel isolated and disconnected from both peers and instructors (Cain et al,,
2024; Collins et al.,, 2019; Fabriz et al.,, 2021). This condition results in learning that is mechanical
rather than meaningful, reducing opportunities for conceptual understanding. As a consequence,
students may complete tasks without fully internalizing the knowledge being presented. These
challenges highlight the need for pedagogical strategies that actively foster engagement in
asynchronous learning environments.

Beyond engagement, another critical issue in asynchronous learning lies in the process of
knowledge construction. From a constructivist perspective, learning is viewed as an active process
in which learners interpret information, integrate new knowledge with prior experiences, and
construct meaning through cognitive activities (Brau, 2016; Cakir, 2022; Zajda, 2021). In
asynchronous settings, this process becomes more complex due to the absence of immediate
feedback and real-time interaction (Moorhouse & Wong, 2022; Varkey et al., 2022; Vlachopoulos &
Makri, 2019; Zydney et al.,, 2020). Consequently, students may struggle to move beyond surface-level
understanding, especially when learning tasks are not designed to stimulate higher-order thinking.
Effective learning, therefore, should be reflected in students’ ability to analyze, synthesize, and apply
knowledge rather than merely recalling information. This implies that asynchronous learning
environments must provide opportunities for reflection, exploration, and critical engagement with
content (Galikyan & Admiraal, 2019; Kahn et al., 2017; Osborne et al, 2018). Without such
opportunities, learning outcomes are likely to remain limited and fragmented.

Given these challenges, there is an urgent need to identify instructional approaches that can
simultaneously enhance engagement and support knowledge construction in asynchronous
contexts. One promising approach is discovery learning, which emphasizes active exploration and
learner-centered knowledge construction. Rooted in Bruner’s theory, discovery learning encourages
students to engage with problems, formulate hypotheses, analyze information, and draw conclusions
independently (Chusni et al., 2020; Ozdem-Yilmaz & Bilican, 2025; Siregar, 2025). This approach
positions learners as active agents in the learning process rather than passive recipients of
information. In asynchronous environments, where direct interaction is limited, such an approach
may help sustain cognitive engagement and promote deeper understanding. Moreover, discovery
learning aligns well with the need for independent learning skills, which are essential in online
education. Therefore, integrating discovery-based strategies into asynchronous learning design
represents a theoretically grounded and pedagogically relevant solution.

Previous studies have extensively examined the effectiveness of discovery learning and its
variants across different educational settings (AlGerafi et al., 2023; de-Marcos et al., 2016; Hilton,
2016; Marougkas et al., 2023; Simamora et al., 2019). Research has shown that guided discovery
learning, in particular, can improve student engagement, critical thinking, and learning outcomes by
providing structured support while maintaining opportunities for exploration (Alanazi et al., 2024,
2025; Nadjamuddin et al,, 2026). Recent studies also indicate that learning designs incorporating
challenges, feedback, and opportunities for knowledge production significantly enhance student
engagement in online environments (Arghode et al., 2018; Cheung et al,, 2021; El-Sabagh, 2021;
Rienties et al., 2018). Furthermore, empirical evidence suggests that discovery-oriented approaches
contribute to the development of higher-order cognitive skills, such as problem-solving and
analytical reasoning (Ena et al., 2024; Lethulur et al., 2025). Despite these positive findings, most
existing research has been conducted in synchronous or blended learning contexts, where
interaction and guidance are more readily available. As a result, the applicability of these findings to
fully asynchronous settings remains uncertain.

The limited focus on asynchronous environments represents a significant gap in the
literature. Unlike synchronous or blended learning, asynchronous learning requires learners to
exercise higher levels of self-regulation, autonomy, and cognitive responsibility (Alhazbi & Hasan,
2021; Eggers et al, 2021; Van Laer & Elen, 2017). These distinct characteristics mean that
instructional strategies effective in other contexts cannot be assumed to yield similar outcomes in
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asynchronous settings. While discovery learning theoretically aligns with the principles of
independent learning, its effectiveness in fostering engagement and knowledge construction in
asynchronous environments has not been sufficiently explored. Additionally, few studies have
simultaneously examined both engagement and knowledge construction as interconnected
outcomes of instructional design. This lack of integrated analysis limits our understanding of how
pedagogical strategies influence learning quality in online contexts. Therefore, further research is
needed to provide empirical evidence on the effectiveness of discovery learning in asynchronous
learning environments.

Based on this gap, the present study aims to examine the effect of discovery learning-based
asynchronous modules on students’ learning engagement and knowledge construction. Specifically,
this study investigates whether students exposed to discovery-oriented learning designs
demonstrate higher levels of engagement compared to those using conventional expository modules.
In addition, it explores whether such approaches enhance students’ ability to construct knowledge,
as reflected in analytical thinking, conceptual integration, and argument development. Theoretically,
this study contributes to the expansion of constructivist learning frameworks within asynchronous
online education. Practically, the findings are expected to provide insights for educators in designing
more effective and engaging asynchronous learning environments. By addressing both engagement
and knowledge construction, this study offers a more comprehensive understanding of learning
quality in digital contexts. Ultimately, this research seeks to bridge the gap between instructional
theory and practice in asynchronous education.

METHOD

This study employed a quantitative approach using a quasi-experimental design, specifically
a posttest-only control group design, to examine the effect of instructional treatment on two
comparison groups (A. Singh, 2021). This design was selected due to practical constraints in the field,
where the intervention was implemented within naturally formed classroom settings, thereby
preventing random assignment of participants. Despite the absence of individual randomization, the
selection of experimental and control groups was conducted based on the principle of group
equivalence. This equivalence was evaluated through several indicators, including students’ prior
academic achievement, accessibility to learning technologies, and previous experience with online
learning environments. These considerations were essential to ensure that both groups shared
relatively comparable baseline characteristics, allowing for a valid and objective comparison of
outcomes following the intervention.

The research was conducted at SMA Nurul Jadid during the second semester of the
2024/2025 academic year. This setting was selected due to its implementation of online learning
systems, particularly the use of a Learning Management System (LMS) that supports asynchronous
instructional delivery. The context provided a relevant environment for examining the effectiveness
of discovery learning strategies in asynchronous settings, as students were already accustomed to
digital learning platforms and independent learning routines. The population of this study consisted
of tenth-grade students enrolled in the school. A total of 64 students participated in the study, drawn
from two intact classes. A purposive sampling technique was employed to select these classes based
on their comparability in key characteristics, including average achievement in Islamic Religious
Education (PAI), availability of digital devices, and stability of internet access during learning
activities (Obilor, 2023). These criteria were considered crucial as they directly influence students’
readiness to engage with online instructional interventions. The selected classes were then assigned
as the experimental and control groups, each consisting of 32 students. Class X IPS A served as the
experimental group, while class X IPS B functioned as the control group. This assignment followed
the existing classroom structure to maintain the natural learning environment and ensure the
continuity of academic activities without disruption.

The independent variable in this study was the discovery learning strategy implemented
through the Moodle Learning Management System, which facilitated the delivery of asynchronous
instructional modules. The dependent variables included student engagement and knowledge
construction. Student engagement was measured using an adapted version of the Student
Engagement Scale, consisting of 20 items distributed across four dimensions: attention, persistence,
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participation, and cognitive engagement. Each item was rated on a five-point Likert scale ranging
from 1 to 5, reflecting the intensity of students’ responses to their learning experiences (Idkowiak et
al., 2023). Knowledge construction was assessed through an analytical rubric applied to digital
artifacts produced by students, including analytical essays, concept maps, and short presentations.
These outputs were selected as they represent students’ cognitive processes and their ability to
organize, interpret, and synthesize knowledge.

The validity and reliability of the instruments were carefully established prior to data
collection. The engagement questionnaire demonstrated high internal consistency, with a Cronbach’s
alpha coefficient of 0.87, indicating that the instrument was reliable for measuring student
engagement. For the assessment of knowledge construction, a rubric with a scoring range of 1 to 100
was developed based on four key indicators: conceptual accuracy, depth of analysis, integration of
sources, and originality of synthesis. To ensure scoring objectivity, two independent raters evaluated
the student artifacts. The inter-rater reliability test produced a coefficient of 0.85, indicating a high
level of agreement and confirming the reliability of the assessment process.

The data collection procedure was carried out in several structured stages. Initially, the
researchers prepared instructional materials and ensured that both groups had access to the same
learning content and duration. The intervention was conducted over four asynchronous learning
sessions focusing on the topic of procedures and prayer readings. In the experimental group, learning
modules were designed according to the stages of discovery learning, beginning with stimulation
through contextualized cases, followed by problem identification facilitated through online
discussion forums. Students then engaged in data collection using curated digital resources and
processed information through structured worksheets to identify patterns and relationships. The
next stage involved concept verification, where students critically compared their findings with
established principles of Islamic education. Finally, students constructed generalizations in the form
of digital learning artifacts. In contrast, the control group received instruction through expository
modules consisting of structured explanations, worked examples, and independent exercises. At the
end of the intervention, all participants completed the engagement questionnaire and submitted
their digital artifacts as posttest data.

Data analysis was conducted using IBM SPSS Statistics 25 to ensure accuracy and reliability
in statistical procedures. The initial phase involved testing statistical assumptions, including the
Shapiro-Wilk test for normality, Levene’s test for homogeneity of variances, and Box’s M test for
homogeneity of covariance matrices as prerequisites for multivariate analysis (Wara et al,, 2025).
After confirming that all assumptions were met, the data were analyzed using Multivariate Analysis
of Variance (MANOVA) to examine the simultaneous effects of the instructional strategy on both
dependent variables. This technique was selected because it allows for the evaluation of multiple
dependent variables within a single analytical model. To further explore the specific effects on each
variable, follow-up analyses were conducted using tests of between-subjects effects. Additionally,
effect sizes were reported using partial eta squared to provide a more comprehensive interpretation
of the magnitude of the treatment effects beyond statistical significance.

Ethical considerations were carefully addressed throughout the research process.
Participation was voluntary, and informed consent was obtained from all participants prior to data
collection. Students were assured that their responses would remain confidential and would be used
solely for research purposes. Anonymity was maintained by assigning codes to participants instead
of using identifiable personal information. Furthermore, the research was conducted in accordance
with academic integrity principles, ensuring that all procedures respected participants’ rights and
did not interfere with their regular learning activities.

RESULTS AND DISCUSSION

Results

This section presents the primary findings of the study, which were derived from the quasi-
experimental implementation of discovery learning-based asynchronous modules in comparison
with conventional expository instruction. The results are organized systematically to highlight both
descriptive and inferential aspects of the data, including the distribution of learning engagement and
knowledge construction scores, the outcomes of prerequisite statistical tests, and the results of
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multivariate and univariate analyses. Furthermore, this section provides a comprehensive
examination of how the instructional intervention influenced students’ engagement levels and their
ability to construct knowledge in an asynchronous learning environment. Taken together, the
findings demonstrate that structured discovery-oriented learning, supported by digital platforms,
can enhance both cognitive and behavioral dimensions of student learning. These results offer
empirical evidence that pedagogically designed asynchronous learning environments can move
beyond procedural participation toward deeper intellectual engagement and meaningful knowledge
construction.
Data Description and Prerequisite Testing

The initial analysis focused on describing the distribution of student scores across the two
dependent variables, namely learning engagement and knowledge construction, in both the
experimental and control groups. This descriptive analysis provides an overview of the comparative
performance between groups prior to conducting inferential statistical testing. Table 1 presents the
descriptive statistics of learning engagement and knowledge construction scores for both groups.

Table 1. Descriptive Statistics of Learning Engagement and Knowledge Construction Scores
Variable Group n Mean+SD Min-Max Category
Learning Engagement  Experimental 32 82.45 * 6.12 68.54-94.53 High
Learning Engagement  Control 3270.10 £ 7.45 57.04-84.09 Medium
Knowledge Construction Experimental 32 85.20 + 5.89 73.21-98.47 High
Knowledge Construction Control 32 72.35+8.10 59.77-90.79 Medium

As shown in Table 1, the experimental group achieved higher mean scores than the control
group across both variables. In terms of learning engagement, the experimental group reached a high
category, while the control group remained in the medium category. This indicates that students
exposed to the discovery learning-based modules demonstrated stronger attention, persistence,
participation, and cognitive engagement during the learning process. A similar pattern is observed
in the knowledge construction variable, where the experimental group also outperformed the control
group. The higher scores in this variable suggest that students in the experimental group were more
capable of producing structured, analytical, and integrative outputs. Their digital artifacts reflected
deeper reasoning, more coherent argumentation, and more mature processing of information
compared to those produced by students in the control group.

Before conducting hypothesis testing, prerequisite statistical analyses were performed to
ensure that the data met the assumptions required for multivariate analysis. These tests included
normality, homogeneity of variance, and homogeneity of covariance matrices. Table 2 summarizes
the results of the prerequisite assumption tests.

Table 2. Summary of Prerequisite Analysis Test

Assumption Indicators Statistics p Decision

Normality Learning Engagement W=0987 0964 Normal
(Experimental)

Normality Learning Engagement (Control) W =0.965 0.377  Normal

Knowledge Construction

Normality (Experimental) W=0.979 0.772  Normal

Normality Knowledge Construction W=0953 0.179 Normal
(Control)

Homogeneity of Variance Levene Learning Engagement F=1.509 0.224 Homogeneous

Homogeneity of Variance Levene Knowledge Construction F=3.552 0.064 Homogeneous

flomogeneity of Box’s M M =5.168 0.173  Homogeneous

Covariance Matrix
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The results in Table 2 indicate that all statistical assumptions required for MANOVA were
satisfied. The Shapiro-Wilk test shows that all data distributions are normal, as evidenced by
significance values greater than 0.05. Similarly, Levene’s test confirms that the variance between
groups is homogeneous for both dependent variables. In addition, the Box’s M test indicates that the
covariance matrices are also homogeneous. These findings confirm that the dataset meets the
necessary conditions for conducting multivariate analysis, thereby ensuring the validity and
robustness of subsequent hypothesis testing.

Hypothesis Test Results

Following the confirmation of statistical assumptions, hypothesis testing was conducted
using Multivariate Analysis of Variance (MANOVA) to examine the simultaneous effect of the
instructional strategy on both learning engagement and knowledge construction. Table 3 presents
the results of the multivariate MANOVA analysis.

Table 3. Multivariate MANOVA Test Results

df df . .
Effect Value F Hypothesis Error Decision
Pillai’'s Trace  0.520 33.006 2 61 Significant
Wilks’ Lambda 0.480 33.006 2 61 Significant

As shown in Table 3, the multivariate test results indicate a statistically significant effect of
the discovery learning strategy on the combined dependent variables. The Pillai’'s Trace value of
0.520 and Wilks’ Lambda of 0.480, with F(2,61) = 33.006 and p < 0.001, demonstrate that the
differences between the experimental and control groups are statistically significant. These findings
suggest that the observed differences did not occur by chance but are associated with the
instructional treatment applied. Furthermore, the magnitude of the Pillai’s Trace value indicates that
a substantial proportion of the variance in learning engagement and knowledge construction can be
explained by the treatment. Thus, the overall hypothesis that discovery learning has a significant
multivariate effect is supported.

To obtain a more detailed understanding of the treatment effects on each dependent variable,
further analysis was conducted using tests of between-subjects effects. Table 4 presents the results
of these follow-up analyses, including effect size measurements.

Table 4. Tests of Between-Subjects Effects and Effect Influence
Dependent Variable JK Galat Mean Square F p Partialn? Cohen’s d

Learning Engagement  2881.664 2440.360 52.505<0.001 0.459 1.812
Knowledge Construction 3109.365 2641.960 52.680<0.001 0.459 1.815

The results in Table 4 show that the discovery learning strategy has a statistically significant
effect on each dependent variable. For learning engagement, the F value of 52.505 with p < 0.001
indicates a significant difference between the experimental and control groups. Similarly, for
knowledge construction, the F value of 52.680 with p < 0.001 confirms a significant treatment effect.
These findings demonstrate that the instructional strategy contributes meaningfully to differences
in both engagement and knowledge construction outcomes.

In addition to statistical significance, the magnitude of the treatment effect is also substantial.
The partial eta squared value of 0.459 for both variables indicates a large effect size, suggesting that
approximately 45.9% of the variance in each dependent variable can be attributed to the
instructional treatment. This is further supported by the Cohen’s d values of 1.812 and 1.815, which
fall within the category of very large effects. These results indicate that the discovery learning
strategy is not only statistically effective but also practically impactful in improving student
engagement and enhancing knowledge construction in asynchronous online learning environments.
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Discussion

The findings of this study indicate that the implementation of discovery learning in
asynchronous online environments significantly enhances students’ learning engagement. This
result suggests that instructional designs that position learners as active agents rather than passive
recipients can effectively transform the nature of student participation. Conceptually, this aligns with
the construct of multidimensional engagement, which encompasses behavioral, emotional, and
cognitive involvement in learning (Martin & Borup, 2022; Wong & Liem, 2022). The structured stages
of discovery learning, beginning from problem stimulation to knowledge generalization, create a
continuous cognitive demand that sustains student attention and persistence. This finding supports
recent research emphasizing that engagement in asynchronous settings is highly dependent on task
design rather than platform presence (Khatter et al., 2024; Soydan Oktay & Ytzer, 2024). Compared
to previous studies that reported low engagement due to passive learning structures (Cain et al,,
2024; Fabriz et al,, 2021), this study demonstrates that engagement can be substantially improved
when learning is framed as an inquiry-driven process. Thus, the effectiveness of discovery learning
in this context extends existing theories by showing its applicability in fully asynchronous
environments, which traditionally suffer from reduced interaction.

A deeper analysis reveals that the increase in engagement is not merely behavioral but also
involves emotional and cognitive dimensions. Students in the experimental group demonstrated
higher levels of curiosity, sustained effort, and willingness to engage with complex tasks, indicating
the activation of intrinsic motivational processes. From a theoretical standpoint, this finding
reinforces the argument that meaningful engagement emerges when learners perceive relevance and
autonomy in learning activities (Chen et al., 2018; Lan & Hew, 2020). The integration of contextual
problems at the beginning of each module appears to play a critical role in triggering emotional
involvement, which subsequently supports cognitive engagement. This result is consistent with
findings by Zakiyyah and Abdullah (2025), who highlight the importance of challenge and meaningful
task design in increasing engagement. However, unlike prior studies that primarily focused on
synchronous interaction, this research shows that emotional engagement can also be cultivated in
asynchronous contexts through well-structured learning pathways. Therefore, the study contributes
to expanding the conceptual understanding of engagement by demonstrating that emotional and
cognitive involvement can be sustained without real-time interaction.

The role of digital scaffolding in supporting engagement also emerges as a significant factor
in this study. The presence of guided steps within the discovery learning framework helps students
navigate complex tasks without losing autonomy, thereby balancing structure and independence.
This finding is consistent with the theory of guided discovery, which posits that structured support
enhances learning effectiveness compared to unguided exploration (Hatip & Setiawan, 2021; Alanazi
et al.,, 2024). In asynchronous environments, where the absence of immediate feedback can hinder
learning, scaffolding becomes even more critical to maintain continuity in cognitive processes.
Previous research has emphasized that poorly designed asynchronous learning often leads to
student disorientation and disengagement (Moorhouse & Wong, 2022; Varkey et al.,, 2023). The
present study provides empirical evidence that digital scaffolding embedded within LMS-based
modules can mitigate these issues. This suggests that the effectiveness of asynchronous learning is
not determined solely by learner autonomy but by how that autonomy is structured within a
coherent pedagogical design.

In addition to engagement, the study demonstrates that discovery learning significantly
enhances students’ knowledge construction. The higher quality of digital artifacts produced by the
experimental group indicates that students were able to engage in deeper cognitive processing,
including analysis, synthesis, and argumentation. This finding aligns with constructivist theory,
which views learning as an active process of meaning-making through interaction with information
and prior knowledge (Cakir, 2022; Saleem et al., 2021). The structured inquiry process in discovery
learning encourages students to move beyond surface-level understanding toward more complex
knowledge structures. This is consistent with recent studies showing that discovery-oriented
learning promotes higher-order thinking and problem-solving skills (Ena et al., 2024; Lethulur et al,,
2025). Compared to conventional expository approaches that often emphasize information
transmission, the discovery learning model fosters a more generative form of learning. Therefore,
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the findings reinforce the theoretical claim that knowledge construction is optimized when learners
actively engage in inquiry-based activities.

Furthermore, the findings highlight that the improvement in knowledge construction is
closely related to the nature of the learning tasks. When tasks are designed as a sequence of discovery
activities culminating in knowledge products, students are encouraged to elaborate, verify, and
generalize information. This supports the argument that meaningful learning in asynchronous
environments depends on the quality of task design rather than the technological medium itself
(Berestok, 2021; Dama, 2024). Previous studies have criticized online learning for promoting content
reproduction rather than knowledge creation (Duran, 2020). The present study challenges this
assumption by demonstrating that asynchronous learning can facilitate deep learning when tasks
require students to integrate multiple sources and construct arguments. This finding extends the
literature by showing that knowledge construction in online learning is not inherently limited but
can be enhanced through appropriate pedagogical strategies. Consequently, this research
contributes to redefining the potential of asynchronous learning as a space for intellectual
development rather than mere content delivery.

From a broader perspective, the study also underscores the importance of instructional
design in determining the effectiveness of asynchronous learning environments. The integration of
discovery learning within an LMS context transforms the platform from a content repository into an
interactive learning environment that supports inquiry and knowledge construction. This aligns with
the concept of cognitive presence in online learning, which emphasizes the importance of structured
inquiry processes in fostering meaningful learning experiences (Sadaf et al., 2021). Previous research
has shown that many LMS implementations fail to achieve this due to a lack of pedagogical alignment
(Ho, 2024; Mansour, 2024). The present findings provide empirical support for the argument that
instructional design, rather than technology alone, is the key determinant of learning quality. This
insight has practical implications for educators, suggesting that the effectiveness of digital learning
environments depends on how learning activities are structured and sequenced.

Despite these contributions, the findings must be interpreted within the context of certain
limitations. The study was conducted within a single institutional setting with a relatively
homogeneous sample, which may limit the generalizability of the results to other educational
contexts. Additionally, the focus on asynchronous learning did not include comparisons with
synchronous or blended modalities, which may yield different patterns of engagement and
knowledge construction (Alhazbi & Hasan, 2021; Eggers et al., 2021). Another limitation relates to
the measurement of learning outcomes, which relied primarily on observable artifacts and
engagement indicators, potentially overlooking deeper metacognitive processes. These limitations
suggest that the observed effects may be influenced by contextual and methodological factors.
Therefore, while the findings provide strong evidence of effectiveness, further research is needed to
validate and extend these results across diverse settings and methodological approaches.

In conclusion, this study contributes to the growing body of literature on asynchronous
learning by demonstrating that discovery learning can effectively enhance both engagement and
knowledge construction. The findings extend existing theories by showing that inquiry-based
learning is not only applicable but also highly effective in asynchronous contexts, provided that it is
supported by structured scaffolding and meaningful task design. This research offers a conceptual
contribution by integrating engagement and knowledge construction within a unified analytical
framework, highlighting their interdependence in determining learning quality. Practically, the study
provides actionable insights for educators in designing asynchronous learning environments that
promote deep, reflective, and student-centered learning. Ultimately, the findings position discovery
learning as a viable strategy for transforming asynchronous education into a more meaningful and
cognitively engaging experience.

CONCLUSION

This study concludes that the implementation of discovery learning in asynchronous online
environments has a positive and statistically significant effect on students’ learning engagement and
knowledge construction. Students exposed to discovery-based modules demonstrated higher levels
of active participation, sustained persistence, and deeper cognitive engagement compared to those
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in conventional expository settings, which was further reflected in the superior quality of their
learning artifacts, characterized by stronger analytical depth, systematic organization, and
meaningful integration of concepts with real-world contexts. These findings confirm that
asynchronous learning can move beyond procedural task completion toward reflective and
meaningful learning when it is supported by inquiry-oriented instructional design. Theoretically, this
study extends constructivist perspectives by demonstrating that knowledge is more effectively
constructed through processes of exploration, interpretation, and synthesis rather than passive
information reception, particularly in environments that demand high learner autonomy. Practically,
the results emphasize the importance of designing asynchronous learning that incorporates
contextual problem triggers, structured inquiry phases, and adaptive digital scaffolding, enabling
educators to facilitate deeper engagement and more robust knowledge construction, thereby
transforming online learning into a cognitively rich and student-centered experience.
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