COGNITIVE ENGAGEMENT AND CONCEPTUAL UNDERSTANDING IN CHEMISTRY THROUGH LEARNING RESOURCE CREATION



ABSTRACT
[bookmark: OLE_LINK1]This study examined the effectiveness of Nearpod-facilitated instruction in improving Grade 8 students' cognitive engagement, conceptual understanding, and metacognitive learning in Chemistry. Anchored on Constructivist Learning Theory, Self-Determination Theory, and the ARCS Model of Motivation, the investigation used an explanatory sequential mixed-methods design. The quantitative phase involved Grade 8 students and science teachers from selected public secondary schools in Tago District, Surigao del Sur, Philippines, while the qualitative phase gathered lived experiences from selected student and teacher informants to explain the quantitative results. Findings showed that science teachers were generally moderately competent in implementing Nearpod (M = 3.438), and enabling conditions were present to a great extent overall (M = 3.409), although student digital access remained a recurring constraint. Students reported a very high level of cognitive engagement (M = 4.504), and conceptual understanding improved from a pre-intervention mean of 3.668 to a post-intervention mean of 4.350. The strategic use of Nearpod also supported metacognitive learning to a great extent (M = 4.147). Qualitative results reaffirmed that Nearpod promoted interactive participation, collaborative learning, confidence, and clearer understanding of abstract Chemistry concepts through multimedia, simulations, quizzes, and real-time feedback. The study concludes that Nearpod is an effective digital platform for learner-centered Chemistry instruction in public-school settings and recommends sustained ICT support, teacher capacity building, and the use of contextualized digital learning resources such as EduCheMix.
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INTRODUCTION
Chemistry is widely regarded as one of the most challenging disciplines in basic science education because many of its central ideas are abstract, microscopic, and symbolically represented. In many public-school classrooms, these concepts are still taught predominantly through lecture and textbook-based instruction, which may lead to passive participation and limited conceptual development. Such conditions are especially problematic in rural and resource-constrained contexts, where students often struggle to visualize and connect abstract ideas to real-world phenomena.
The integration of interactive digital platforms has become an increasingly important response to these challenges. Nearpod is a technology-enhanced instructional platform that allows teachers to combine multimedia presentation, formative assessment, collaboration, and real-time feedback within a single lesson environment. Prior research has shown that Nearpod can increase learner participation, motivation, and classroom interaction across disciplines. However, local evidence on its use in Philippine junior high school Chemistry classrooms remains limited, particularly in relation to cognitive engagement, conceptual understanding, and metacognitive learning.
This study focused on selected Grade 8 Chemistry topics identified as difficult and abstract, particularly sub-atomic particles and structures, counting sub-atomic particles, and the classification of elements in the periodic table. It sought to determine the competence of teachers in implementing Nearpod, the enabling and constraining conditions affecting its use, the cognitive engagement and conceptual understanding of students, and the extent of strategic Nearpod use that leveraged metacognitive learning. The study also explored the lived experiences of students and teachers and used the findings as a basis for proposing EduCheMix, a contextualized web-based interactive learning resource for Chemistry instruction.
The investigation was anchored on Constructivist Learning Theory, which emphasizes active knowledge construction; Self-Determination Theory, which explains the roles of autonomy, competence, and relatedness in motivation; and the ARCS Model of Motivation, which highlights attention, relevance, confidence, and satisfaction as pillars of sustained learning engagement. Together, these perspectives explain why interactive digital learning environments can strengthen both participation and meaningful concept formation in Chemistry.
METHODOLOGY
The study employed an explanatory sequential mixed-methods design. The quantitative phase served as the primary strand, while the qualitative phase was used to clarify and enrich the interpretation of the numerical findings. This design was appropriate because the study not only measured engagement, conceptual understanding, and implementation conditions but also examined how students and teachers actually experienced Nearpod-facilitated Chemistry instruction.
The research was conducted in selected public secondary schools in Tago District, Surigao del Sur, during School Year 2025–2026. The quantitative respondents included Grade 8 students and science teachers handling Chemistry. Based on the manuscript, the total Grade 8 population across the participating schools was 529, from which 256 students were selected through stratified proportional random sampling, while 20 teachers were included through complete enumeration. For the qualitative phase, selected students and teachers served as key informants through purposive sampling.
Two researcher-made questionnaires and a semi-structured interview guide were used. The questionnaires measured teacher competence, enabling and constraining conditions, cognitive engagement, conceptual understanding, and strategic Nearpod use for metacognitive learning. The instruments underwent face and content validation by expert validators and were pilot-tested before final administration. A conceptual understanding pretest and posttest were also administered.
Quantitative data were analyzed using mean, Pearson product-moment correlation, and multiple regression analysis, while qualitative data were analyzed using Colaizzi’s phenomenological method. Ethical safeguards included institutional permission, informed consent and assent procedures, parental consent for minors, confidentiality of responses, and voluntary participation.
RESULTS AND DISCUSSION
Results showed that teachers possessed a generally moderate to favorable level of competence in implementing Nearpod in Chemistry instruction (overall M = 3.438). Classroom management through digital facilitation registered the highest mean, indicating that teachers were able to manage participation, monitor responses, and sustain interaction during digital lessons. Technical proficiency obtained the lowest mean, suggesting a continuing need for support in maximizing advanced features and troubleshooting instructional technology.
The enabling and constraining conditions affecting implementation were evident to a great extent overall (M = 3.409). Classroom layout suitability emerged as the strongest support factor, while student digital access and literacy registered the lowest score among the conditions. This pattern suggests that while the classroom and school environment generally supported digital instruction, unequal access to devices and variable digital readiness remained important barriers.
Table 1. Teacher competence in implementing Nearpod in teaching Chemistry
	Indicator
	Mean
	Interpretation

	Technical proficiency and tool mastery
	3.315
	Competent

	Pedagogical design and competence
	3.380
	Competent

	Content-specific integration
	3.520
	Moderately Competent

	Classroom management through digital facilitation
	3.585
	Moderately Competent

	Reflective practice and adaptation
	3.390
	Competent

	Overall mean
	3.438
	Moderately Competent



Table 2. Enabling and constraining conditions affecting Nearpod implementation
	Indicator
	Mean
	Interpretation

	Technological infrastructure
	3.390
	Moderate Extent

	Institutional support
	3.385
	Moderate Extent

	Time and resource allocation
	3.380
	Moderate Extent

	Student digital access and literacy
	3.320
	Moderate Extent

	Classroom layout suitability for device use
	3.570
	Great Extent

	Overall mean
	3.409
	Great Extent



Students demonstrated a very high level of cognitive engagement during Nearpod-facilitated Chemistry lessons (overall M = 4.504). Self-regulated learning behavior ranked highest, followed closely by active processing and persistence. Peer interaction and discourse quality received the lowest mean among the engagement domains, but still remained within the highest descriptive category. These results imply that Nearpod promoted attention, active participation, sustained effort, and learner autonomy during instruction.
Students also manifested stronger conceptual understanding after exposure to Nearpod-facilitated lessons. The overall mean increased from 3.668 before the intervention to 4.350 after the intervention, with explanatory depth registering the highest post-intervention mean. The gains across explanatory depth, application and transfer, conceptual integrity, representation learning, and retention suggest that the platform significantly helped students process and organize difficult Chemistry concepts more meaningfully.
Table 3. Cognitive engagement of Grade 8 students during Nearpod-facilitated lessons
	Indicator
	Mean
	Interpretation

	Behavioral involvement
	4.492
	Strongly Agree

	Active processing and persistence
	4.516
	Strongly Agree

	Emotional and active engagement
	4.495
	Strongly Agree

	Peer interaction and discourse quality
	4.485
	Strongly Agree

	Self-regulated learning behavior
	4.530
	Strongly Agree

	Overall mean
	4.504
	Strongly Agree



Table 4. Conceptual understanding before and after Nearpod-facilitated lessons
	Indicator
	Before Mean
	After Mean

	Explanatory depth
	3.760
	4.353

	Application and transfer
	3.550
	4.351

	Conceptual integrity
	3.730
	4.346

	Representation learning
	3.555
	4.351

	Retention
	3.747
	4.350

	Overall mean
	3.668
	4.350



The strategic use of Nearpod that leveraged metacognitive learning was rated to a great extent (overall M = 4.147). Planning and prediction as well as real-time comprehension monitoring obtained the highest means. Moreover, the manuscript reported significant relationships between teacher competence and enabling conditions, and between cognitive engagement and conceptual understanding. Multiple regression analysis further indicated that domains of conceptual understanding, along with institutional support and classroom layout suitability, were among the strongest predictors of metacognitive learning through strategic Nearpod use.
Table 5. Strategic use of Nearpod that leveraged metacognitive learning
	Indicator
	Mean
	Interpretation

	Planning and prediction
	4.148
	Great Extent

	Real-time comprehension monitoring
	4.148
	Great Extent

	Strategy evaluation and articulation
	4.147
	Great Extent

	Peer feedback awareness
	4.147
	Great Extent

	Self-explanation clarity
	4.147
	Great Extent

	Overall mean
	4.147
	Great Extent



The findings suggest that Nearpod was effective not only as a presentation platform but also as an instructional environment that supported active knowledge construction. Through multimedia, collaborative boards, quizzes, simulations, and immediate feedback, the platform created conditions that sustained students’ attention and encouraged them to explain, monitor, and refine their understanding of Chemistry concepts. This is consistent with constructivist views of learning, where students learn more deeply when they actively engage with tasks and representations rather than passively receive information.
The very high ratings in cognitive engagement and the notable gains in conceptual understanding indicate that Nearpod can help address common instructional difficulties in Chemistry, especially for abstract topics requiring visualization and conceptual linkage. The improvement in explanatory depth and representation learning is particularly important because effective Chemistry learning depends on students’ ability to connect symbolic, particulate, and observable forms of knowledge.
The study also highlights the interdependence of teacher competence and school conditions. Although teachers showed promising competence in lesson facilitation and design, technical proficiency and student digital access remained comparatively weaker areas. These results imply that the success of technology integration cannot rest on teacher effort alone; it also depends on reliable access, sustained institutional support, and continuing professional development.
Qualitative evidence in the manuscript reinforced the quantitative outcomes. Students and teachers described Nearpod as engaging, enjoyable, interactive, and helpful for understanding difficult concepts. At the same time, they identified challenges such as intermittent internet connectivity, pacing difficulties, and the need for additional training and learner support. These converging findings strengthen the conclusion that Nearpod can be highly beneficial in Chemistry instruction when implementation supports are in place.
CONCLUSION
Nearpod-facilitated Chemistry instruction significantly enhanced Grade 8 students’ cognitive engagement, conceptual understanding, and metacognitive learning. Students participated actively, monitored their own learning, and demonstrated stronger understanding of abstract Chemistry concepts after the intervention. Teachers were able to implement the platform with a favorable level of competence, and school conditions were generally supportive, though student digital access and teacher technical proficiency still require strengthening.
Overall, the study affirms that interactive digital learning environments can contribute meaningfully to learner-centered science instruction in public-school settings. Based on the empirical findings, the proposed EduCheMix learning resource is recommended as a contextualized support tool for Chemistry teaching and learning.
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