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Abstract:  
Metacognitive awareness is essential for university students to plan, 
monitor, evaluate, and regulate their learning processes. However, 
conventional problem-based learning (PBL) often provides limited 
opportunities for students to develop these metacognitive skills 
systematically across different learning environments. This study aims 
to evaluate HyProBeL, a five-phase learning model integrating 
asynchronous digital learning and synchronous face-to-face PBL, in 
enhancing students’ metacognitive awareness. A quasi-experimental 
pretest-posttest non-equivalent control group design was employed 
with 72 undergraduate Educational Management students from two 
intact classes. Data were collected using an adapted Metacognitive 
Awareness Inventory and analyzed through ANCOVA and N-gain 
analysis using SPSS 26.0. The results revealed a significant adjusted 
post-test difference between the experimental and control groups 
(F=83.908, p<.001, partial η²=.549). HyProBeL produced higher N-gain 
scores in Regulation of Cognition (.71, high) and Knowledge of Cognition 
(.58, moderate) than conventional PBL (.26 and .25, respectively). The 
findings suggest that effective integration of asynchronous and face-to-
face activities should align with metacognitive demands. Higher 
education instructors are encouraged to design learning environments 
that emphasize structured planning, monitoring, argumentation, and 
reflection to promote deeper and sustainable learning outcomes. 
 

 

INTRODUCTION 
The rapid transformation of higher education through digital technologies, 

artificial intelligence, and expanding information environments has increased the need 
for students to (Dermawan & Yusuf, 2026; Hina & Solikhatin, 2025; Sholeh et al., 2025; 
Sumarni et al., 2026). Beyond acquiring disciplinary knowledge, university students are 
expected to identify learning difficulties, select appropriate strategies, monitor their 
understanding, and evaluate the effectiveness of their learning processes (Al-Sultan et 
al., 2024; Grosman et al., 2024; Tian, 2024; Asyari et al., 2025). These abilities are 
especially important when students encounter complex, open-ended problems for which 
they cannot obtain solutions by directly applying previously learned procedures. In this 
context, metacognitive awareness is an important learning capacity because it enables 
students to regulate their cognitive processes and make informed decisions throughout 
learning (Fergus, 2022; Salehomoum, 2023; Arifin et al., 2025; Suratman & Sugiyono, 
2025). 
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Metacognitive awareness encompasses students' knowledge of cognition and 
their ability to regulate cognition through planning, monitoring, and evaluation (Jang et 
al., 2023; Teng et al., 2023). Students with stronger metacognitive awareness are 
generally better positioned to recognize what they know, identify knowledge gaps, select 
appropriate strategies, monitor their progress, and evaluate learning outcomes. These 
processes are closely related to autonomous learning and complex problem-solving 
because students must continuously assess whether their strategies remain appropriate 
when dealing with unfamiliar or ill-structured problems (Daguay et al., 2020; Razkane et 
al., 2023; Hayati et al., 2026; Rasimah et al., 2026). Consequently, instructional 
approaches that deliberately engage students in problem analysis, strategic planning, 
collaborative inquiry, and reflective evaluation may offer stronger opportunities to 
develop metacognitive awareness than approaches dominated by passive knowledge 
acquisition. 

Problem-Based Learning (PBL) offers such opportunities by positioning students 
as active participants in investigating authentic problems, identifying learning needs, 
developing solutions, and evaluating their problem-solving processes. However, Exintaris 
et al. (2023) and Vafaeimehr et al. (2021) say that PBL's effectiveness in fostering 
metacognitive awareness may depend on how learning activities are organized across 
instructional environments. Meanwhile, Arici et al. (2023), Tanti et al. (2025), and Zhang 
et al. (2025) say that conventional face-to-face PBL can place substantial temporal and 
cognitive demands on students because problem analysis, investigation, discussion, 
solution development, and reflection often occur within limited synchronous classroom 
sessions. Hybrid learning can spread these activities across asynchronous and face-to-
face environments, allowing students to do individual analysis and reflection outside class 
while keeping direct interaction for collaborative inquiry and feedback. 
 

 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Research Landscape and Knowledge Gaps in Metacognition-Oriented Hybrid 
Problem-Based Learning 

 
A bibliometric mapping of 117 Scopus-indexed publications identified 

interconnected research streams involving metacognition, problem solving, problem-
based learning, e-learning, computer-supported instruction, scaffolding, and self-
regulated learning. However, the distribution of these themes suggests that researchers 
have not consistently examined metacognition, problem-based learning, and technology-
supported learning as an explicitly integrated instructional configuration. In particular, 
the literature provides limited empirical attention to how asynchronous and face-to-face 
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environments can be deliberately sequenced according to the metacognitive demands of 
different stages of problem solving (Anisaturrizqi et al., 2025; Mhlanga, 2024). This gap is 
important because simply combining online and face-to-face instruction does not 
necessarily ensure that students receive structured opportunities to plan, monitor, and 
evaluate their cognition. 

To address this gap, the present study employs Hybrid Problem-Based Learning 
(HyProBeL). This structured instructional configuration assigns different pedagogical and 
metacognitive functions to asynchronous and face-to-face learning environments. The 
model begins with asynchronous problem orientation and instructional planning, 
allowing students to analyze ill-structured problems, identify prior and missing 
knowledge, establish learning goals, and organize inquiry activities. Investigation 
subsequently combines individual online exploration with face-to-face group 
examination, followed by classroom-based development and defense of learning 
artifacts. The learning cycle concludes with asynchronous metacognitive reflection in 
which students evaluate their problem-solving processes. Thus, HyProBeL does not claim 
to represent an entirely new form of blended PBL; rather, it operationalizes a deliberate 
alignment between hybrid learning environments, problem-based inquiry, and the 
metacognitive processes of planning, monitoring, and evaluation. 

Accordingly, this study aims to examine HyPro empiricallyBeL's effectiveness in 
fostering students' metacognitive awareness in higher education. By quantitatively 
examining changes in students' metacognitive awareness after implementing the model, 
the study seeks to provide empirical evidence on whether the structured sequencing of 
asynchronous and face-to-face learning activities can strengthen students' capacity to 
regulate their cognition during problem-based learning. The findings are expected to 
contribute to evidence-based instructional designs that integrate hybrid learning with 
metacognitive regulation rather than treating digital learning as merely an additional 
delivery channel. 

 
RESEARCH METHODS 

This study used a quantitative, quasi-experimental pretest-posttest non-
equivalent control group design to examine the effect of Hybrid Problem-Based Learning 
(HyProBeL) on students' metacognitive awareness (Panggabean et al., 2021). Two intact 
fourth-semester classes comprising 72 undergraduate students participated in the study. 
The experimental group received HyProBeL, while the control group received 
conventional face-to-face Problem-Based Learning (PBL). Both groups completed 
metacognitive awareness pre-tests before the intervention and post-tests after the 
intervention. The pre-test scores were then used as a covariate in the ANCOVA to adjust 
for initial differences between the non-equivalent groups statistically. Table 1 presents 
the research design and group allocation. 

 
Table 1. Research Design and Group Allocation 

Group n Pre-test Treatment Post-test 

Experimental 37 Metacognitive Awareness HyProBeL 
Metacognitive 
Awareness 

Control 35 Metacognitive Awareness 
Conventional 
Face-to-Face PBL 

Metacognitive 
Awareness 

 
The participants were undergraduate students enrolled in the Educational 

Management Study Program at a public university in Indonesia. The study used purposive 
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cluster sampling because it drew on pre-existing classes and individual randomization was 
not feasible in the institutional setting. All eligible students in the two selected classes 
were included, and participants were aged 19–21 years. A preliminary comparison of 
cumulative Grade Point Average (GPA) showed no statistically significant difference 
between the two groups before the intervention, indicating comparable baseline 
academic performance. The experimental group followed the five-phase HyProBeL 
model, integrating asynchronous online activities with synchronous face-to-face 
problem-based learning. The model organized problem orientation and planning through 
asynchronous activities, combined individual online investigation with face-to-face 
collaborative inquiry, conducted solution development and presentation in the 
classroom, and concluded with structured asynchronous reflection. The control group 
followed conventional face-to-face PBL involving problem orientation, investigation, 
discussion, solution development, presentation, and evaluation within scheduled 
classroom sessions. 

We measured students' metacognitive awareness using an adapted version of the 
Metacognitive Awareness Inventory (MAI) (Chang et al., 2021). We contextualized the 
instrument for the higher-education problem-based learning setting and assessed 
metacognitive awareness through knowledge and regulation of cognition, particularly 
planning, monitoring, and evaluation. We examined internal consistency using 
Cronbach's alpha based on responses from all 72 participants. The resulting reliability 
coefficient was α = .87, indicating good internal consistency. We collected data in three 
stages: administering the pre-test, implementing the respective instructional treatments, 
and administering the post-test. We applied the same measurement procedure to both 
groups to maintain consistency across the experimental and control conditions. 

We conducted an a priori power analysis using GPower for the planned ANCOVA 

(Peng et al., 2024). The analysis was specified for two groups with one covariate, an alpha 

level of .05, statistical power of .80, and a medium anticipated effect size (f = .25), 

resulting in an estimated required sample of approximately 128 participants. However, 

only 72 eligible students were available within the two intact classes. We therefore 

retained the complete accessible cohort without altering the existing class structure. We 

considered this sample-size limitation when interpreting the inferential findings. We 

reported the observed effect size and 95% confidence interval alongside statistical 

significance to describe the magnitude and precision of the treatment effect. 

We analyzed the data using descriptive statistics and Analysis of Covariance 

(ANCOVA) (Chara et al., 2022). Post-test metacognitive awareness was the dependent 

variable, instructional group the independent variable, and pre-test metacognitive 

awareness the covariate. Before conducting ANCOVA, we examined the analysis 

assumptions. We assessed normality using the Shapiro–Wilk test and visual inspection of 

Q–Q plots; homogeneity of variance using Levene's test; and linearity by examining the 

relationship between pre-test and post-test metacognitive awareness scores. We 

examined homogeneity of regression slopes through the interaction between treatment 

group and the pre-test covariate; a non-significant interaction supported comparable 

regression relationships across groups. We then used ANCOVA to compare adjusted post-

test metacognitive awareness between the two instructional groups. We evaluated 

statistical significance at α = .05 and reported effect sizes and 95% confidence intervals 

alongside the ANCOVA results. 
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RESULTS AND DISCUSSION 
Results 

The results examine three interconnected aspects of students' metacognitive 
development following the instructional intervention. First, baseline descriptive statistics 
establish the initial comparability of the two groups. Second, ANCOVA determines 
whether the instructional treatment produced significant differences in overall 
metacognitive awareness. Third, normalized gain analysis identifies differences in 
Knowledge of Cognition and Regulation of Cognition between instructional conditions. 

 
Comparable Baseline Metacognitive Awareness between the Groups 

Before the instructional intervention, we administered a pre-test to both groups 
to establish baseline metacognitive awareness. The analysis focused on two dimensions 
of metacognitive awareness: Knowledge of Cognition and Regulation of Cognition, 
together with the overall metacognitive awareness score. We calculated descriptive 
statistics, including the minimum, maximum, mean, and standard deviation, for the 37 
students in the HyProBeL group and the 35 students in the conventional PBL group. Table 
2 presents the results. 

 
Table 2. Pre-Test Descriptive Statistics of Students' Metacognitive Awareness 

Dimension Group N Min Max M SD 

Knowledge of 
Cognition 

HyProBeL 37 48.00 76.00 62.43 6.82 

Conventional PBL 35 50.00 74.00 61.85 6.45 

Regulation of 
Cognition 

HyProBeL 37 52.00 78.00 64.11 7.15 

Conventional PBL 35 50.00 76.00 63.54 6.98 

Total 
Metacognitive 
Awareness 

HyProBeL 37 50.00 77.00 63.27 6.99 

Conventional PBL 35 50.00 75.00 62.70 6.72 

 
As shown in Table 2, the two groups demonstrated relatively comparable levels 

of metacognitive awareness before the intervention. For Knowledge of Cognition, the 
HyProBeL group recorded a mean score of 62.43 (SD = 6.82), compared with 61.85 (SD = 
6.45) in the conventional PBL group. A similar pattern was observed for Regulation of 
Cognition, with mean scores of 64.11 (SD = 7.15) and 63.54 (SD = 6.98), respectively. 
Overall metacognitive awareness scores were also similar, with a mean of 63.27 (SD = 
6.99) for the HyProBeL group and 62.70 (SD = 6.72) for the conventional PBL group. These 
descriptive patterns indicate that the groups entered the intervention with broadly 
similar metacognitive profiles, reducing concerns that subsequent differences resulted 
from substantial baseline disparities. 

This baseline comparability is particularly relevant because the study used intact 
classes rather than individual randomization. Although descriptive similarity cannot 
eliminate all possible pre-existing differences between the groups, the relatively close 
pre-test means provide an appropriate basis for subsequent covariate adjustment. The 
pre-test scores were therefore incorporated into the ANCOVA to statistically account for 
individual differences in initial metacognitive awareness when comparing post-test 
outcomes. 

 
HyProBeL Produced a Significant Overall Improvement in Metacognitive Awareness 

To determine whether the instructional treatment was associated with 
differences in students' post-test metacognitive awareness after accounting for their 
initial scores, an Analysis of Covariance (ANCOVA) was conducted. Pre-test metacognitive 
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awareness was entered as the covariate, instructional treatment as the fixed factor, and 
post-test metacognitive awareness as the dependent variable. The analysis showed a 
statistically significant effect of pedagogical treatment on students' adjusted post-test 
metacognitive awareness, F (1, 69) = 83.908, p < .001, partial η² = .549. Table 3 
summarizes the ANCOVA results. 

 
Table 3. ANCOVA Results for Post-Test Metacognitive Awareness 

Source 
Type III Sum of 

Squares 
df 

Mean 
Square 

F p Partial η² 

Corrected Model 2485.420 2 1242.710 48.652 < .001 .585 
Intercept 18420.150 1 18420.150 721.156 < .001 .913 
Pre-Test (Covariate) 342.180 1 342.180 13.396 < .001 .163 
Pedagogical Treatment 2143.240 1 2143.240 83.908 < .001 .549 
Error 1762.450 69 25.543 - - - 
Corrected Total 4247.870 71 - - - - 

 
The ANCOVA results indicate that pedagogical treatment was significantly 

associated with differences in post-test metacognitive awareness after controlling for 
pre-test scores. The treatment effect was substantial, with a partial eta squared of .549, 
indicating that the pedagogical treatment accounted for a large proportion of the 
adjusted variance in students' post-test metacognitive awareness. The pre-test covariate 
was also statistically significant, F(1, 69) = 13.396, p < .001, partial η² = .163, confirming 
that students' initial metacognitive awareness remained meaningfully related to their 
post-intervention scores. 

The magnitude of the treatment effect provides stronger evidence than statistical 
significance alone. Given the quasi-experimental design, however, interpret the finding 
as evidence of a strong adjusted group difference rather than definitive proof of an 
exclusively causal effect of HyProBeL. Using intact classes means unobserved differences 
between groups cannot be completely ruled out. Nevertheless, after statistically 
accounting for baseline metacognitive awareness, the substantially stronger adjusted 
outcome associated with the HyProBeL condition suggests that the hybrid problem-based 
learning configuration was more effective within this study context than conventional 
face-to-face PBL. 

The finding can be understood through the instructional structure of HyProBeL. 
Rather than merely combining online and face-to-face instruction, the model assigns 
different learning functions to each environment. Asynchronous activities give students 
opportunities to access problems, search for information, organize ideas, and prepare 
initial responses without the time constraints of classroom interaction. Face-to-face 
sessions subsequently support collaborative investigation, discussion, solution 
development, presentation, and immediate feedback. This functional distribution may 
create more continuous opportunities for students to regulate their learning while 
engaging with complex problems. 

From a Cognitive Load Theory perspective, this arrangement may help students 
allocate cognitive resources toward task-relevant processing by distributing demanding 
activities across different learning environments. More importantly, the instructional 
sequence repeatedly requires students to decide what they know, what they need to 
investigate, how to proceed, and whether their emerging solutions are adequate. Thus, 
the statistical advantage observed for HyProBeL is theoretically consistent with a learning 
environment that makes metacognitive regulation an integral part of problem solving 
rather than an additional instructional component. 
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Regulation of Cognition Demonstrated the Strongest Gain under HyProBeL 
To further identify which components of metacognitive awareness contributed to 

the overall improvement, we examined changes in Knowledge of Cognition and 
Regulation of Cognition separately using normalized gain scores. The analysis compared 
the mean pre-test and post-test scores and calculated the normalized gain (g) for each 
dimension and instructional group. Table 4 presents the results. 

 
Table 4. Pre-Test, Post-Test, Mean Gain, Normalized Gain of Metacognitive Dimensions 

Dimension Group 
Pre-Test 
(M) 

Post-Test 
(M) 

Mean 
Gain 

N-Gain 
(g) 

Interpretation 

Knowledge of 
Cognition 

HyProBeL 65.43 84.15 21.72 0.58 Moderate 

Conventional PBL 61.85 71.30 9.45 0.25 Low 

Regulation of 
Cognition 

HyProBeL 64.11 89.62 25.51 0.71 High 

Conventional PBL 63.54 73.12 
 

9.58 0.26 Low 

 
Table 4 shows a clear difference in improvement magnitude between the two 

instructional conditions. In the HyProBeL group, Knowledge of Cognition increased from 
a mean of 65.43 to 84.15, producing a mean gain of 21.72 and an N-gain of .58, 
categorized as moderate. Regulation of Cognition demonstrated a stronger increase, 
rising from 64.11 to 89.62, with a mean gain of 25.51 and an N-gain of .71, categorized 
as high. By comparison, the conventional PBL group demonstrated substantially smaller 
improvements. Knowledge of Cognition increased by 9.45 points (N-gain = .25), while 
Regulation of Cognition increased by 9.58 points (N-gain = .26), with both dimensions 
remaining within the low-gain category. The dimensional pattern suggests that the 
greatest improvement under HyProBeL occurred in Regulation of Cognition. The N-gain 
of .71 was higher than the .58 observed for Knowledge of Cognition, indicating that 
students exposed to HyProBeL experienced particularly substantial development in 
processes associated with planning, monitoring, evaluating, and modifying their learning 
activities. This pattern is consistent with the model's design, in which students repeatedly 
encounter tasks that require them to set learning goals, organize investigative strategies, 
monitor progress, evaluate emerging solutions, and reflect on the effectiveness of their 
problem-solving processes. 

The stronger development of Regulation of Cognition can also be interpreted 
through the executive-control function of metacognition. Regulation involves an iterative 
process in which learners establish goals, select strategies, monitor performance, 
evaluate outcomes, and modify subsequent actions. The five-phase HyProBeL sequence 
provides repeated opportunities for this cycle. Problem orientation initiates goal setting; 
instructional planning requires students to organize their learning strategies; individual 
and collaborative investigation requires ongoing monitoring; solution development and 
presentation require evaluation and justification; and structured reflection provides an 
opportunity to reconsider the learning process's effectiveness. In contrast, Knowledge of 
Cognition concerns students' awareness of their own cognitive processes, strategies, and 
the conditions under which those strategies are appropriate. Such knowledge may 
require more sustained conceptual development than the immediate enactment of 
regulatory behaviors. Students may therefore become better able to regulate their 
learning through repeated practice before they develop equally strong explicit knowledge 
about cognition. The moderate N-gain for Knowledge of Cognition (.58), alongside the 
high N-gain for Regulation of Cognition (.71), supports this distinction. 
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The finding also differentiates HyProBeL from a conventional face-to-face PBL 
configuration. Both approaches expose students to problems and collaborative 
investigation, but HyProBeL deliberately distributes activities across asynchronous and 
face-to-face environments according to their learning functions. The asynchronous 
components provide additional space for individual preparation, information searching, 
planning, and reflection, while face-to-face activities emphasize interaction, cross-
examination, feedback, and solution development. Consequently, the hybrid 
configuration may provide more frequent and varied occasions for students to exercise 
metacognitive regulation throughout the problem-solving process. Nevertheless, the 
dimensional findings should be interpreted as evidence of differential improvement 
rather than direct evidence of the mechanisms responsible for that improvement. The 
present study did not independently measure cognitive load, executive-control 
processes, or students' actual regulatory behaviors during learning. Therefore, the 
stronger Regulation of Cognition gain cannot be attributed exclusively to a particular 
cognitive mechanism. Future studies could strengthen this explanation by combining MAI 
scores with behavioral process data, reflective journals, learning analytics, classroom 
observations, or performance-based measures of metacognitive regulation. 

 
Discussion 

The findings demonstrate that HyProBeL was associated with substantially greater 
improvements in students' metacognitive awareness than conventional face-to-face PBL. 
The ANCOVA revealed a significant treatment effect after accounting for pre-test 
metacognitive awareness, with a large partial eta squared of .549. This finding suggests 
that the difference between the two instructional conditions was not merely reflected in 
raw post-test scores but remained substantial after statistically controlling for baseline 
metacognitive awareness. This result matters because both instructional approaches 
were problem-based, so the observed difference cannot be attributed solely to exposure 
to problem-solving activities. Rather, the distinctive organization of HyProBeL appears to 
have created a learning environment in which metacognitive processes were more 
consistently activated across different stages of learning (Rivas et al., 2022; Yakubu et al., 
2025). 

HyProBeL's stronger performance can be explained by how the model distributes 
cognitive and learning activities across asynchronous and face-to-face environments. 
Conventional PBL generally concentrates problem orientation, investigation, discussion, 
presentation, and evaluation within classroom interaction (Benlaghrissi et al., 2024; 
Hosna et al., 2025). Although such activities can stimulate metacognition, students may 
have limited opportunities to prepare individually before discussion or to revisit their 
reasoning after classroom activities. HyProBeL expands these opportunities by assigning 
specific learning functions to different environments. Asynchronous activities give 
students time to access problems, search for information, organize preliminary ideas, and 
reflect on their learning. At the same time, face-to-face sessions support collaborative 
inquiry, cross-examination, immediate feedback, and solution development (Widiasari et 
al., 2024; Zamroni et al., 2025). The hybrid model therefore contributes not simply by 
adding online learning to PBL, but by sequencing learning environments around different 
cognitive and metacognitive demands. 

This interpretation aligns with Cognitive Load Theory, particularly the principle 
that instructional design should help learners allocate limited cognitive resources to 
learning-relevant processes (Aldhafeeri et al., 2023; Shaughnessy et al., 2022). In 
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HyProBeL, students do not have to perform every learning activity under the same 
temporal and interactional conditions. Asynchronous environments provide greater 
flexibility for individual information processing and preparation, whereas synchronous 
classroom activities concentrate on social interaction and collaborative problem solving. 
Such functional differentiation may reduce unnecessary pressure associated with 
simultaneously processing information, participating in discussion, and formulating 
solutions (Kumar et al., 2022). This does not mean the hybrid format automatically 
reduces cognitive load; rather, deliberately sequencing activities may create more 
favorable conditions for students to devote cognitive resources to planning, monitoring, 
evaluating, and revising their learning strategies. 

The dimensional results provide a more specific explanation of this improvement. 
Regulation of Cognition demonstrated a high N-gain of .71 in the HyProBeL group, 
compared with .58 for Knowledge of Cognition. The difference is theoretically meaningful 
because Regulation of Cognition concerns the active management of learning through 
planning, monitoring, strategy selection, evaluation, and adjustment. Students enact 
these processes directly during problem-based inquiry (Wang et al., 2022). Students must 
determine what information they need, decide how to investigate the problem, monitor 
whether their evidence is sufficient, evaluate competing explanations, and modify their 
solutions when they identify weaknesses. HyProBeL repeatedly embeds these activities 
within its instructional sequence, making regulation a functional requirement of 
participation rather than an abstract concept that students encounter separately from 
the learning task (Sherratt et al., 2021). 

The stronger gain in Regulation of Cognition can be explained through the 
executive-control dimension of metacognition, which involves setting goals, selecting 
strategies, monitoring progress, evaluating outcomes, and modifying actions (Gómez et 
al., 2024). The five-phase HyProBeL sequence closely supports this cycle: problem 
orientation establishes direction, planning organizes approaches, investigation requires 
monitoring, solution development and presentation promote evaluation, while reflection 
encourages strategic reconsideration. Repeated engagement in these processes may 
explain why Regulation of Cognition improved more than Knowledge of Cognition (Wang 
et al., 2022). Nevertheless, the moderate gain in Knowledge of Cognition remains 
meaningful, as students need time to conceptualize strategies, their purposes, and 
appropriate conditions. Thus, regulatory competencies may develop faster through 
repeated task-based practice. 

The findings also provide a basis for distinguishing HyProBeL from conventional 
conceptions of blended learning. A hybrid learning model is not necessarily more 
effective simply because it uses two delivery modes (Retherford et al., 2021; Zhang, 
2023). Its potential depends on whether each environment performs a meaningful 
pedagogical function. In the present study, online activities supported preparation, 
individual investigation, organization of ideas, and reflection, whereas face-to-face 
activities emphasized interaction, collaborative inquiry, feedback, presentation, and 
evaluation. This functional arrangement explains the observed outcomes more precisely 
than the general claim that technology improves learning. HyProBeL's contribution 
therefore lies in the pedagogical alignment among the learning environment, problem-
solving activity, and metacognitive function. 

These findings have implications for instructional design and learner 
development. HyProBeL suggests that metacognitive awareness can be strengthened 
when students repeatedly engage in planning, monitoring, evaluation, and reflection in 
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authentic problem-solving activities. Its hybrid structure provides lecturers with 
opportunities to embed metacognitive regulation across asynchronous preparation, 
collaborative inquiry, solution development, and reflection. However, interpret the 
findings cautiously because the study involved 72 students from two intact classes within 
one Educational Management program. The quasi-experimental design cannot fully rule 
out pre-existing differences, and the self-report MAI may not capture actual 
metacognitive behavior. Future research should use larger samples, stronger designs, 
and multimethod assessment. 

Overall, the study contributes empirical evidence that the pedagogical value of 

hybrid problem-based learning may depend less on simply combining online and face-to-

face instruction than on aligning learning environments with metacognitive demands. 

The particularly great improvement in Regulation of Cognition suggests that repeated 

opportunities to plan, monitor, evaluate, and revise learning actions may be a central 

feature of effective metacognitive instruction. HyProBeL consequently provides a 

structured approach for integrating metacognitive regulation into problem-based higher 

education while retaining the collaborative and authentic characteristics of PBL. 

However, its broader effectiveness requires further examination across larger 

populations, disciplinary contexts, and measurement approaches. 

 

CONCLUSION 

This study demonstrates that HyProBeL was associated with greater 

improvements in students' metacognitive awareness than conventional face-to-face PBL, 

with particularly pronounced gains in Regulation of Cognition. The findings contribute to 

metacognition and problem-based learning scholarship by demonstrating the value of 

functionally aligning asynchronous and face-to-face environments with planning, 

monitoring, evaluation, and reflection. The study also implies that hybrid learning should 

be designed around cognitive functions rather than technology integration alone. 

However, the quasi-experimental design, limited sample, single institutional context, and 

self-report measure constrain generalizability. Future research should employ larger 

multi-site samples, stronger designs, and multimethod assessment. 
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