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ABSTRACT

This study analyzes the impact of online collaborative learning, metacognitive awareness, and instructional
media richness on students’ problem-solving skills in higher education. Using a quantitative research design,
data were collected from 150 university students through a Likert-scale questionnaire and analyzed using
SPSS version 25. Validity and reliability tests confirmed that all measurement items were appropriate and
consistent. Classical assumption tests also indicated that the regression model met the required statistical
criteria. The results of multiple linear regression analysis show that online collaborative learning,
metacognitive awareness, and instructional media richness each have a positive and significant effect on
problem-solving skills. Metacognitive awareness was found to be the strongest predictor, followed by online
collaborative learning and media richness. The model explains 62.3% of the variance in students' problem-
solving skills, indicating a strong combined influence of cognitive, social, and technological factors. These
findings highlight the importance of integrating collaborative learning strategies, metacognitive training, and
rich instructional media to enhance problem-solving abilities in higher education settings.

Keywords: Online Collaborative Learning, Metacognitive Awareness, Instructional Media Richness, Problem-Solving
Skills, Higher Education.

1. INTRODUCTION

The rapid advancement of digital technology has significantly transformed the landscape of
higher education, particularly in the design and delivery of learning processes, where online
learning environments have evolved into interactive and collaborative spaces that enable students
to engage in knowledge construction, exchange ideas, and solve complex academic problems,
making the understanding of factors influencing students’ cognitive development—especially their
problem-solving skills—an essential focus of contemporary research. Problem-solving skills are
fundamental 21st-century competencies that allow students to analyze information, think critically,
and make informed decisions, and their development is shaped by various cognitive and contextual
elements within digital learning settings. Key factors influencing these skills include cognitive and
meta-cognitive strategies, such as goal setting, task breakdown, self-regulation, and reflection, which
play crucial roles in enhancing students’ ability to navigate academic challenges [1]; resource
availability, where access to adequate tools and digital learning materials supports students in
addressing complex tasks effectively [1]; and self-confidence, which strongly predicts students’
capacity for problem-solving in online learning environments [1]. Educational technology further
strengthens these abilities through technological tools that create immersive learning environments
integrating cognitive and practical elements into the curriculum [2], instructional strategies such as
scaffolding, guidance, and peer collaboration that support students in managing complex tasks and
deepening their critical thinking [2], and digital learning innovations that enhance cognitive

development and creativity, fostering students’ critical thinking and problem-solving capabilities

13].
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Online collaborative learning has emerged as one of the most effective approaches for
fostering active engagement and deeper understanding, as virtual teamwork, discussion forums,
and shared digital tasks enable students to work together, negotiate meaning, and explore multiple
perspectives, thereby contributing significantly to their problem-solving processes through the co-
construction of knowledge and reflective thinking; however, the effectiveness of such collaboration
is highly dependent on learners’ individual cognitive abilities, particularly their metacognitive
awareness. This approach has been shown to enhance essential cognitive skills such as decision-
making and problem-solving, as students engage in evaluating options and establishing priorities
[4], while its active, social, and engaging nature also supports the development of metacognitive
thinking, which is crucial for understanding diverse perspectives and addressing real-world
problems [5]. Metacognitive awareness—students’ understanding of their own thinking and
learning processes—plays a vital role in enabling effective collaboration by strengthening self-
regulation and co-regulation, which in turn improves student success and satisfaction [6], and shared
metacognition within the Community of Inquiry framework further promotes critical discourse and
peer interaction to enhance collaborative learning outcomes [6]. Moreover, the effectiveness of online
collaborative learning is influenced by the learning environment, instructional design, and nature of
interaction, as well-structured digital environments can enhance academic performance and
satisfaction [7], while online platforms offer flexible and democratic spaces for exchanging ideas and
engaging in reflective thinking with fewer time and space constraints compared to traditional
classrooms [8].

Metacognitive awareness—students’ ability to plan, monitor, and evaluate their own
learning—plays a fundamental role in determining how effectively they approach and solve
academic problems, as students with higher levels of metacognitive awareness tend to be more
strategic, reflective, and independent in managing learning tasks, especially within online learning
environments where they must navigate various digital tools and information sources. In such
contexts, metacognitive skills are essential for regulating learning processes, adapting strategies, and
overcoming challenges that arise during collaborative tasks, thereby supporting academic success
[9], [10]. Metacognitive awareness enhances academic performance by enabling learners to engage
in planning, monitoring, and evaluating their learning, and strategies such as self-evaluation and
problem-solving further strengthen critical thinking and reading comprehension [10], while in
collaborative problem-solving, metacognitive processes operate across individual, social, and
environmental levels that shape group performance [11]. Another crucial element influencing online
learning effectiveness is instructional media richness, which refers to the degree to which learning
media offer clear, interactive, and engaging information; rich media formats—such as videos,
animations, simulations, and multimedia presentations—cater to diverse learning styles, increase
engagement and motivation, and provide clearer, more interactive content that enhances
comprehension and retention [12]. Together, metacognitive and motivational skills form the
foundation for successful academic problem-solving [13], and students with stronger metacognitive
awareness demonstrate greater strategic independence and more effective management of learning
tasks [9], [13], while the use of rich instructional media in digital platforms further strengthens
cognitive outcomes, including students” problem-solving abilities.

Despite the growing emphasis on online learning, empirical research examining the
combined influence of online collaborative learning, metacognitive awareness, and instructional

media richness on problem-solving skills in higher education remains limited, as most existing
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studies focus on isolated factors or specific subject areas, leaving a gap in understanding how these
elements interact within broader educational contexts; moreover, the accelerating shift toward
hybrid and fully online learning models driven by global technological advancements underscores
the need for deeper exploration of how digital learning designs support higher-order thinking skills.
This study addresses this gap by analyzing the impact of online collaborative learning,
metacognitive awareness, and instructional media richness on students' problem-solving skills
through a quantitative approach involving 150 student respondents, using a five-point Likert scale
questionnaire and SPSS version 25 for data analysis, with findings expected to provide valuable
insights for educators, curriculum developers, and policymakers in designing online learning
environments that effectively enhance students’ cognitive abilities. Overall, the research contributes
to ongoing discussions on digital pedagogy and offers evidence-based recommendations for
improving problem-solving outcomes in higher education through collaborative learning strategies,

metacognitive development, and the integration of rich instructional media.

2. LITERATURE REVIEW

2.1 Online Collaborative Learning

Online collaborative learning has been shown to significantly enhance problem-
solving skills by fostering active engagement, diverse perspectives, and continuous
interaction, as digital platforms facilitate teamwork and collective inquiry that
strengthen critical thinking and analytical abilities; this integration of technology not
only supports the exchange of ideas but also promotes deeper cognitive processing
compared to traditional individual learning methods. Research indicates that online
collaborative learning environments positively correlate with improved problem-
solving abilities due to active participation and interaction that encourage the exchange
of diverse ideas and viewpoints [4], [14], while digital tools further facilitate continuous
feedback and engagement, both of which are essential for refining problem-solving
strategies and enhancing cognitive skills [15]. Collaborative platforms also promote
effective communication and teamwork —critical components of problem-solving—by
enabling students to articulate thoughts clearly and negotiate meaning with peers [16],
and through group discussions and virtual tasks, students strengthen critical thinking
as they evaluate different perspectives and construct knowledge collectively [17].
Moreover, studies show that online collaborative learning increases student
engagement and satisfaction, which are vital for sustaining motivation and interest in
problem-solving tasks [14], and the interactive nature of digital collaborative tools
creates a dynamic, enjoyable, and effective learning environment that supports deeper
cognitive involvement [15].

2.2 Metacognitive Awareness

Metacognitive awareness significantly influences problem-solving skills by enabling
learners to effectively plan, monitor, and evaluate their cognitive processes, a capability
that is especially crucial in higher education and online learning environments where
students must independently manage their learning and regulate their strategies.
Research shows that students with high metacognitive awareness tend to perform
better academically and demonstrate stronger problem-solving abilities because
metacognitive skills help them identify problems, analyze potential solutions, and

Vol. 03, No. 12, December and 2025: pp. 2235-2247



West Science Interdisciplinary Studies 3 2238

2.3

2.4

critically evaluate outcomes. Evidence from various studies highlights this connection,
such as findings that Grade 9 students exhibit high levels of metacognitive regulation —
particularly in planning, monitoring, and evaluation—although the relationship
between metacognitive regulation and specific components of problem-solving varies,
indicating a complex interplay between these skills [18]. In higher education,
metacognitive awareness is associated with deeper learning approaches and organized
studying, both of which support more strategic and effective problem-solving [19]. A
meta-analysis of 36 studies further demonstrates a strong correlation between
metacognitive awareness and academic achievement, with an effect size of 0.824,
underscoring the importance of metacognitive skills in enhancing academic
performance and, consequently, problem-solving ability [20]. Additionally, research on
high school students reveals that while overall metacognitive awareness tends to be
high, variations in declarative, procedural, and conditional knowledge can influence
how students approach and solve problems, highlighting the nuanced nature of
metacognitive development [21].
Instructional Media Richness

Instructional media richness plays a pivotal role in enhancing students’ problem-
solving skills by providing diverse, engaging learning experiences through multimedia
components such as videos, animations, and interactive modules that are particularly
effective in online learning environments, helping maintain attention, accommodate
various learning styles, and improve comprehension while fostering better retention
and application of knowledge in problem-solving contexts; this is supported by
research showing that rich media environments encourage active learning by
prompting students to explore content independently and engage in analytical tasks.
The effectiveness of rich media is further strengthened when aligned with students’
learning styles, as a theoretical framework integrating media richness theory and
learning styles indicates that considering both dimensions can significantly enhance
learning performance [22], suggesting that tailoring media richness to individual
preferences can optimize and personalize the educational experience. In distance
education, media richness has been shown to significantly improve student satisfaction,
communication, and the perceived value of course delivery platforms [23], with rich
media facilitating stronger interaction between students and faculty —an essential
factor for successful remote learning. Practical applications of media-rich instruction
demonstrate its ability to connect curriculum to learners by incorporating innovative
platforms and multimedia strategies across subjects [24], supporting collaborative and
transformative learning that is crucial for developing problem-solving skills. However,
despite its advantages, rich media does not automatically ensure improved learning
outcomes, as content complexity and media appropriateness must be carefully
considered; effective instructional media should be designed to match the uncertainty
and equivocality of the content to achieve optimal learning performance [25].
Problem-Solving Skills

The development of problem-solving skills in higher education is a multifaceted
process shaped by collaborative interaction, metacognitive processes, and the quality

of instructional media, all of which are essential for preparing students to address
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complex academic and professional challenges, particularly within online learning
environments that offer unique opportunities to strengthen these skills through
innovative strategies and resources. Collaborative learning approaches such as
problem-based learning (PBL) and Socratic questioning have been shown to enhance
critical thinking and problem-solving by encouraging dialogue and the sharing of
diverse perspectives [26], while active methodologies like project-based learning foster
collaboration and empower students to identify problems, generate solutions, and
make decisions, thereby strengthening their problem-solving abilities [27].
Metacognitive processes also play a vital role, as strategies involving self-regulation and
reflection support effective problem-solving, with online environments providing
scaffolding and resources that prompt students to reflect on their strategies [28], and
learners’ metacognitive strategies —such as goal setting and task breakdown —serving
as significant predictors of problem-solving performance in digital contexts [1].
Additionally, the quality of instructional media is critical, as well-designed resources
and tools in online learning environments enhance cognitive engagement and facilitate
the acquisition of domain knowledge [1]; however, despite the potential of rich online
resources, challenges such as limited resources and insufficient teacher training can
hinder the effective integration of critical thinking and problem-solving skills into
educational curricula [29].
Conceptual Framework

Based on the theoretical foundations and previous studies, this research proposes that
online collaborative learning, metacognitive awareness, and instructional media
richness each influence students’ problem-solving skills, as illustrated in the conceptual
framework, which outlines the relationships among these variables: Online
Collaborative Learning — Problem-Solving Skills, Metacognitive Awareness —
Problem-Solving Skills, and Instructional Media Richness — Problem-Solving Skills.
These relationships are tested through quantitative analysis. Empirical studies
consistently demonstrate that online collaborative learning environments significantly
enhance students’ critical thinking, problem-solving skills, and cognitive abilities by
leveraging group discussions and shared tasks that foster active learning and
knowledge construction. In addition, metacognitive awareness and media richness play
crucial roles in strengthening learning outcomes and problem-solving performance.
Findings show that online collaborative learning environments cultivate critical
thinking skills (CTS) through group metacognitive regulation (GMR), where high-GMR
groups display balanced and frequent critical thinking processes, and medium-GMR
groups exhibit sophisticated cognitive engagement, underscoring the importance of
GMR in promoting CTS [30], while students in collaborative digital settings report
improved problem-solving abilities and higher learning satisfaction [14].

Metacognitive awareness further enhances learning outcomes by supporting essential
skills such as self-monitoring and self-reinforcement, which contribute to effective
problem-solving; these skills develop through interactive and self-managed learning
experiences that heighten motivation and cognitive processing [31]. The co-construction
of knowledge in socially dynamic learning environments —enabled by metacognitive

processes—is central to effective problem-solving training [31]. Meanwhile,
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instructional media richness contributes substantially to problem-solving development,
as multimedia-based learning environments, particularly case studies, improve
comprehension, motivation, and the application of knowledge in problem-solving
tasks; students engaged in such multimedia case studies report enhanced higher-order
thinking skills and positive learning experiences [32]. The use of multimedia in
collaborative learning settings also supports the development of teamwork and critical
thinking skills essential for workforce readiness [32]. Based on this literature review,
the following hypotheses are formulated.

H1: Online collaborative learning has a positive and significant effect on students’
problem-solving skills.

H2: Metacognitive awareness has a positive and significant effect on students’
problem-solving skills.

H3: Instructional media richness has a positive and significant effect on students’

problem-solving skills.

3. METHODS

3.1 Research Design

This study employed a quantitative research design using an explanatory approach to
analyze the impact of online collaborative learning, metacognitive awareness, and instructional
media richness on students’ problem-solving skills in higher education. The explanatory design was
chosen because it allows the researcher to examine causal relationships among variables based on
numerical data. A survey method was used to collect primary data through a structured
questionnaire distributed online to student respondents.

3.2 Population and Sample

The population of this study consisted of students enrolled in higher education institutions
who were actively participating in online learning. A total sample of 150 students was selected using
a purposive sampling technique, which ensured that only students with experience in online
learning environments during their academic courses were included. The sample size of 150
respondents is considered adequate for multiple regression analysis using SPSS, meeting the
requirement of having sufficient statistical power.

3.3 Types and Sources of Data

This study used primary data obtained directly from respondents through an online
questionnaire. The data collected measured students’ perceptions of online collaborative learning,
metacognitive awareness, instructional media richness, and problem-solving skills based on their
learning experiences. Secondary data such as journal articles, books, and previous studies were also
used to support the theoretical framework and literature review.

3.4 Data Collection Procedures

Data were collected through an online survey distributed via Google Forms. Respondents
were informed about the purpose of the research and assured of the confidentiality of their
responses. The survey link was shared through academic groups, learning management systems,
and email communication. Only students who completed all questions in the questionnaire were
included in the final dataset. Data collection was conducted over a period of two weeks.
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3.5 Research Instrument

The research instrument used in this study was a structured questionnaire consisting of
Likert scale items ranging from 1 (Strongly Disagree) to 5 (Strongly Agree), divided into four main
sections corresponding to the variables examined: Online Collaborative Learning (OCL), which
measured the extent of students” engagement in collaborative activities, communication, and online
group tasks; Metacognitive Awareness (MA), which assessed students’ abilities in planning,
monitoring, and evaluating their learning processes; Instructional Media Richness (IMR), which
evaluated the interactivity, clarity, informativeness, and engagement level of the instructional media
used in online learning; and Problem-Solving Skills (PSS), which measured students’ abilities to
identify problems, analyze information, and apply appropriate strategies to solve academic
challenges. All questionnaire items were adapted from validated instruments used in previous
studies to ensure accuracy and reliability in measuring each construct.

3.6 Measurement of Variables

Each variable in this study was measured using specific indicators, with Online
Collaborative Learning (X1) assessed through interaction and communication, group coordination,
shared responsibility, and collaborative problem-solving; Metacognitive Awareness (X2) measured
through planning strategies, monitoring understanding, evaluating learning outcomes, and
adjusting learning strategies; Instructional Media Richness (X3) evaluated based on the clarity of
multimedia content, interactivity of media, variation of media formats, and engagement level; and
Problem-Solving Skills (Y) measured through indicators of problem identification, analysis of
information, selection of solution strategies, and evaluation of solution effectiveness. All indicators
were measured using Likert scale items.

3.7 Data Analysis Techniques

Data analysis in this study was conducted using SPSS version 25 through several steps,
beginning with descriptive statistics to summarize demographic data and describe the distribution
of responses for each variable, followed by validity and reliability tests to ensure the accuracy and
consistency of the measurement instrument. Classical assumption tests—including normality,
multicollinearity, and heteroscedasticity tests —were then performed to verify that the assumptions
required for regression analysis were met. Multiple linear regression analysis was used to test the
hypotheses and determine the effects of online collaborative learning (X1), metacognitive awareness
(X2), and instructional media richness (X3) on problem-solving skills (Y). The coefficient of
determination (R?) was calculated to assess how much the independent variables collectively
explained the variation in problem-solving skills, while the t-test (partial test) was conducted to
determine the significance of each independent variable’s effect on the dependent variable. The
significance level used for all hypothesis testing was a = 0.05.

4. RESULTS AND DISCUSSION

4.1 Respondent Demographics

The demographic characteristics of the 150 student respondents provide a comprehensive
overview of the participant profile for this study, all of whom had prior experience with online
learning, making them well-suited for the research focus. The demographic data were categorized
into gender, age, study program, duration of online learning experience, and participation in online
collaborative activities. In terms of gender, the sample consisted of 63 male students (42%) and 87
female students (58%), indicating a slightly higher proportion of female respondents while still
maintaining balanced representation. The age distribution showed that most participants were
young adults in the productive academic range, with 60 students (40%) aged 18-20, 78 students (52%)
aged 21-23, and 12 students (8%) above 23 years. Academic backgrounds were diverse, with
respondents coming from Education (45 students, 30%), Business & Management (40 students, 27%),
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Social Sciences (35 students, 23%), and Science & Technology (30 students, 20%), ensuring
representation from multiple fields that commonly integrate online collaborative learning. The
duration of online learning experience further demonstrated that participants were familiar with
digital learning environments, with 23 students (15%) having less than 1 year of experience, 90
students (60%) reporting 1-2 years, and 37 students (25%) having more than 2 years of experience.

In addition to general demographic characteristics, the frequency of participation in online
collaborative learning activities was assessed to confirm the relevance of the sample to the research
objectives. The results indicate that only 18 students (12%) rarely engaged in online collaborative
tasks, while 47 students (31%) sometimes participated, and a majority reported frequent
involvement, with 53 students (35%) often and 32 students (22%) very often engaging in such
activities. This distribution reinforces that most respondents had substantial exposure to online
collaboration, making them appropriate evaluators of variables such as online collaborative learning,
metacognitive awareness, instructional media richness, and problem-solving skills. The
demographic diversity across gender, age, academic discipline, and online learning experience
strengthens the generalizability and validity of the study’s findings.

4.2 Validity and Reliability Analysis

Validity and reliability tests were conducted to ensure that the questionnaire used in this
study was accurate, consistent, and appropriate for measuring the four variables: online
collaborative learning, metacognitive awareness, instructional media richness, and problem-solving
skills. All analyses were performed using SPSS version 25. The validity test, conducted using the
Pearson Product-Moment correlation method, aimed to determine whether each questionnaire item
accurately measured the intended construct. An item was considered valid if the r-count value
exceeded the r-table value of 0.159 at a significance level of p <0.05. The results showed that all items
across the four variables—Online Collaborative Learning (X1) with 8 items, Metacognitive
Awareness (X2) with 10 items, Instructional Media Richness (X3) with 8 items, and Problem-Solving
Skills (Y) with 10 items—demonstrated positive correlation values, with all correlation coefficients
surpassing the minimum required threshold and significance values below 0.05. These findings
indicate that all questionnaire items met the validity requirements and are suitable for measuring
their respective constructs.

The reliability test measured the internal consistency of the instrument using Cronbach’s
Alpha, with criteria stating that a > 0.70 indicates reliability, ot > 0.80 indicates high reliability, and «
>0.90 indicates excellent reliability. The reliability results demonstrated strong consistency across all
variables: Online Collaborative Learning (X1) recorded a Cronbach’s Alpha of 0.861, Metacognitive
Awareness (X2) scored 0.884, Instructional Media Richness (X3) achieved 0.873, and Problem-
Solving Skills (Y) reached 0.891. All values exceeded 0.80, confirming that the items used to measure
each construct were highly reliable. These outcomes collectively demonstrate that the research
instrument possesses strong internal consistency, ensuring dependable measurement of all variables
involved in the study.

4.3 Classical Assumption Tests

Classical assumption tests were conducted to ensure that the multiple linear regression
model used in this study met the required statistical criteria, including tests for normality,
multicollinearity, heteroscedasticity, and autocorrelation. The normality test, performed using the
Kolmogorov-Smirnov (K-S) method and supported by the Normal P-P Plot, showed a significance
value of 0.112, which is greater than 0.05, indicating that the residuals are normally distributed and
thus fulfilling the normality assumption. The Normal P-P Plot further confirmed this result by
displaying data points that closely followed the diagonal line. The multicollinearity test, assessed
through Tolerance and Variance Inflation Factor (VIF) values, revealed that all predictor variables
had tolerance values above 0.10 and VIF values below 10, demonstrating that no multicollinearity
issues were present among the independent variables in the regression model.
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Table 1. VIF
Variable | Tolerance | VIF Conclusion
X1 0.582 1.720 | No multicollinearity
X2 0.647 1.545 | No multicollinearity
X3 0.603 1.656 | No multicollinearity

The results of the multicollinearity test presented in Table 1 show that all independent
variables—Online Collaborative Learning (X1), Metacognitive Awareness (X2), and Instructional
Media Richness (X3) —meet the acceptable statistical criteria, indicating that multicollinearity is not
a concern in this regression model. Each variable demonstrates a tolerance value well above the
minimum threshold of 0.10, with X1 at 0.582, X2 at 0.647, and X3 at 0.603, suggesting that a
substantial proportion of each variable’s variance is unique and not excessively shared with other
predictors. Similarly, the VIF values for all variables fall far below the maximum allowable value of
10—X1 at 1.720, X2 at 1.545, and X3 at 1.656—further confirming the absence of problematic
multicollinearity. These findings indicate that the independent variables do not statistically interfere
with one another, allowing the regression coefficients to be interpreted reliably and ensuring that
the overall model remains stable and accurate in estimating the effects of online collaborative
learning, metacognitive awareness, and instructional media richness on students’ problem-solving
skills. Based on these values, the regression model clearly satisfies the assumption of no
multicollinearity.

The heteroscedasticity test was conducted using the Glejser Test along with visual analysis
of the scatterplot to verify whether the residuals exhibited constant variance. The Glejser test results
showed that all independent variables had significance values greater than 0.05—X1 at 0.214, X2 at
0.327, and X3 at 0.298—indicating that none of the predictors caused heteroscedasticity. This is
supported by the scatterplot, which displays a random distribution of residual points without any
discernible pattern, confirming that the residuals have homogeneous variance. These findings
collectively demonstrate that the regression model fulfills the heteroscedasticity assumption,
allowing further analyses to proceed with confidence in the reliability of the estimated parameters.

4.4 Multiple Linear Regression Results

Regression analysis was conducted to examine the effect of online collaborative learning
(X1), metacognitive awareness (X2), and instructional media richness (X3) on problem-solving skills
(Y). The multiple linear regression model generated the equation Y = 0.412 + 0.287X; + 0.354X; +
0.265Xs, which provides several important insights. The constant value of 0.412 represents the
baseline level of problem-solving skills when all independent variables are assumed to be zero. The
positive coefficients for X1, X2, and X3 indicate that increases in online collaborative learning,
metacognitive awareness, and instructional media richness contribute positively to the development
of students’ problem-solving abilities. Among the three predictors, metacognitive awareness (X2)
displays the highest coefficient at 0.354, suggesting that it plays the most influential role in enhancing
students’ problem-solving skills compared to online collaborative learning and instructional media
richness. These findings highlight the importance of both cognitive and environmental factors in
shaping students’ ability to tackle academic challenges.

The coefficient of determination (R?) obtained from the regression analysis was 0.623,
indicating that 62.3% of the variation in students’ problem-solving skills can be explained by the
combined influence of online collaborative learning, metacognitive awareness, and instructional
media richness. The remaining 37.7% of the variation is attributed to other factors not included in
this model, such as individual motivation, instructional quality, learning environment, prior
knowledge, and other cognitive or psychosocial variables. This R? value demonstrates that the
regression model has moderately strong explanatory power. To further evaluate the significance of
each independent variable, a partial t-test (t-test) was conducted, the results of which are presented
in the following section.
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Table 2. Multiple Regression

Variable t-value | Sig. | Conclusion

Online Collaborative Learning (X1) | 3.912 | 0.000 | Significant
Metacognitive Awareness (X2) 5.021 | 0.000 | Significant
Instructional Media Richness (X3) 3.545 | 0.001 | Significant

The results presented in Table 2 demonstrate that all three independent variables —Online
Collaborative Learning (X1), Metacognitive Awareness (X2), and Instructional Media Richness
(X3)—have a statistically significant effect on students” problem-solving skills, as indicated by their
respective t-values and significance levels. Online Collaborative Learning (X1) shows a t-value of
3.912 with a significance level of 0.000, confirming that collaborative digital interactions, shared
tasks, and group coordination significantly contribute to improving problem-solving abilities.
Metacognitive Awareness (X2) exhibits the highest t-value of 5.021 with a significance level of 0.000,
indicating that students’ abilities to plan, monitor, and evaluate their learning processes are the
strongest predictors of problem-solving performance in this model. Instructional Media Richness
(X3) also demonstrates a significant effect, with a t-value of 3.545 and a significance level of 0.001,
suggesting that engaging, interactive, and varied multimedia content enhances students’” cognitive
engagement and supports better problem-solving outcomes. Overall, these findings confirm that all
three predictors play meaningful roles in shaping students’ problem-solving skills, with
metacognitive awareness emerging as the most influential factor.

Discussion

The results of this study provide comprehensive insights into how online collaborative
learning, metacognitive awareness, and instructional media richness influence students’” problem-
solving skills in higher education. The findings reinforce existing theories and prior empirical work,
highlighting that students” learning outcomes are shaped not only by individual cognitive abilities
but also by the quality of their social interactions and the technological sophistication of their
learning environments. The regression analysis showed that online collaborative learning (X1)
significantly enhances students’ problem-solving skills. This supports the premise that collaborative
learning environments promote idea exchange, negotiation of meaning, and the co-construction of
knowledge —activities central to higher-order thinking development. Online collaboration exposes
students to diverse viewpoints that stimulate critical thinking, encourages articulation of reasoning,
and allows asynchronous reflection that enables more thoughtful, refined responses. These results
are consistent with constructivist learning theory and prior studies demonstrating that collaborative
digital environments strengthen communication, creativity, and analytical thinking [33]-[35].

Metacognitive awareness (X2) emerged as the strongest predictor of problem-solving skills,
indicating its central role in shaping students’ ability to plan, monitor, and evaluate their learning
strategies. Students with strong metacognitive skills can identify gaps in understanding, select
appropriate strategies, regulate their cognitive processes, and adapt when encountering unfamiliar
problem contexts —making them more effective problem solvers. This aligns with extensive research
emphasizing that metacognition is a core component of academic success and critical thinking
development. The findings suggest that integrating metacognitive activities—such as guided
reflection, self-assessment, learning journals, and strategic questioning —into instructional practices
can significantly strengthen students’” problem-solving capacities and overall cognitive performance.

Instructional media richness (X3) also showed a significant influence on students’ problem-
solving abilities, underscoring the importance of rich multimedia environments in supporting deep
comprehension and analytical reasoning. Rich media such as videos, animations, interactive
simulations, and digital learning platforms help clarify complex concepts, reduce ambiguity, and
improve understanding through multiple sensory channels. Interactive features enable students to
experiment with virtual scenarios, apply concepts in practical contexts, and receive immediate

Vol. 03, No. 12, December and 2025: pp. 2235-2247



West Science Interdisciplinary Studies 3 2245

feedback —offering a more engaging and cognitively stimulating learning experience. These findings
align with media richness theory, which posits that communication effectiveness increases when
information is delivered through multimodal and context-rich formats. Prior studies similarly
highlight that multimedia environments enhance engagement, motivation, and cognitive
processing, ultimately improving students’ learning outcomes.

Overall, the model explained 62.3% of the variance in problem-solving skills, indicating that
the combination of collaborative learning, metacognitive awareness, and media richness provides a
substantial contribution to students’ cognitive development. These findings carry important
implications for higher education. Pedagogically, instructors should integrate collaborative tasks
with reflective components and multimedia resources to create richer learning experiences. From a
curriculum perspective, embedding metacognitive training within learning modules can help
students strengthen their strategic thinking and self-regulation skills. Technologically, institutions
should invest in learning management systems and digital tools that support multimedia content
and collaboration, such as virtual labs and interactive discussion platforms. Finally, students should
be encouraged to actively participate in online learning communities, utilize multimedia resources,
and take greater ownership of their learning processes. In conclusion, the study demonstrates that
online collaborative learning fosters interactive knowledge construction, metacognitive awareness
is the most influential determinant of problem-solving success, and instructional media richness
enhances comprehension and engagement—highlighting the need for an integrated pedagogical
approach that blends social, cognitive, and technological elements to optimize learning outcomes in
higher education.

5. CONCLUSION

This study concludes that online collaborative learning, metacognitive awareness, and
instructional media richness significantly contribute to the development of students’ problem-
solving skills in higher education, with findings showing that students who actively participate in
collaborative online environments tend to demonstrate stronger analytical and critical thinking
abilities. Metacognitive awareness emerged as the most influential factor, indicating that students
who can plan, monitor, and evaluate their learning processes are better equipped to tackle complex
academic tasks, while instructional media richness also plays a vital role by enhancing
comprehension, engagement, and cognitive processing through multimodal content. Collectively,
these three predictors explain 62.3% of the variation in problem-solving skills, emphasizing the
importance of integrating pedagogical, cognitive, and technological approaches in contemporary
higher education. Based on these insights, educators are encouraged to design learning experiences
that foster collaboration, promote metacognitive reflection, and incorporate rich multimedia
resources, while institutions should invest in digital learning platforms that support interactive,
engaging, and resource-rich online environments. Future research may further examine additional
factors such as motivation, self-efficacy, and learning environment conditions to provide a more
comprehensive understanding of the determinants of problem-solving performance.
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