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ABSTRACT

This study designed, validated, and evaluated SSl-integrated STEM Learning Activity Sheets (LAS) for Grade 10
Science on human evolution, structured around the 7E instructional model and a flipped classroom to develop the 4Cs
through three sequential lessons. Expert validation rated the LAS highly in content, organization, design, and
reliability (Cronbach’s o = 0.70-0.99; S-CVI/Ave = 1.00), while pilot testing showed significant learning gains with
medium normalized improvements (Hake’s g = 0.32—0.35) and very large effect sizes (Cohen’s d = 2.52-3.93).
Student feedback indicated high engagement with interactive, collaborative, and multimedia activities, with
suggestions for additional visuals, structured reflections, improved pacing, and more group-based tasks, supporting
the LAS as effective, valid, and reliable tools aligned with the MATATAG Science Curriculum and offering potential
for refinement and broader application.
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1. INTRODUCTION

STEM-based, SSl-based, and flipped classroom instructional approaches have each been shown to positively
influence student learning, engagement, and higher-order thinking skills. Research suggests that combining these
approaches may better support 21st-century learning outcomes, including critical thinking, scientific literacy, and
autonomous learning. However, gaps remain in interdisciplinary integration, consistent instructional design, teacher
support, long-term outcome evidence, and representation in diverse educational contexts, particularly outside Western
settings.

Recent systematic reviews indicate that STEM-based instruction generally improves student learning,
particularly in knowledge integration and problem-solving, though effects vary by instructional approach, academic
level, and duration (Cao, 2025). SSl-based instruction promotes higher-order thinking and engagement with real-
world socio-scientific issues through strategies like group discussion and inquiry, enhancing understanding of science
and its societal implications (HOgstrom, 2024; Ban & Mahmud, 2024). Flipped classroom models consistently
improve academic performance, competencies, and student satisfaction, especially when learners engage with online
pre-class materials before active in-class tasks, with strong evidence from higher education and nursing contexts
(Xiaoying & Abu Samah, 2024). Collectively, integrating STEM paradigms, SSI contexts, and flipped classroom
approaches can synergistically support 21st-century learning outcomes such as critical thinking, scientific literacy, and
autonomous learning, though gaps remain in interdisciplinary integration, instructional design, teacher support, long-
term outcomes, and representation in diverse educational contexts (Cao, 2025; Hoégstrom, 2024; Zeidler & Sadler,
2025; Pan Qi et al.,, 2025). This research addresses these gaps by exploring the combined implementation of
interdisciplinary STEM learning, socio-scientific issues, and structured flipped classroom models to inform more
coherent curriculum design and enhance educational outcomes.
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2. METHODS
2.1 Research Design

This study adopts a Design and Development Research (DDR) design using a mixed-methods approach to
systematically develop, validate, implement, evaluate, and refine SSI-integrated STEM Learning Activity Sheets
(LAS) in a flipped classroom setting aligned with the Grade 10 MATATAG Curriculum. The development phase
employs a descriptive—developmental design guided by curriculum standards and learning competencies, while the
evaluation phase uses a descriptive—evaluative design involving expert teacher validation through quantitative rating
scales and qualitative feedback. Effectiveness is examined during the implementation phase using a quasi-
experimental one-group pretest—posttest design, supported by learner reflections and feedback, followed by a
formative evaluation phase to identify revisions based on expert, student, and stakeholder data. The study was
conducted at Pantao Ragat Agro-Industrial High School, selected for its consistent and statistically supported
improvement in Science 10 performance and stable achievement across sections over three school years, indicating a
receptive and reliable learning environment. Grade 10 students served as respondents due to their cognitive readiness,
foundational science knowledge, and demonstrated responsiveness to innovative instructional strategies, making them
an appropriate population for evaluating the effectiveness of SSl-integrated STEM LAS in a flipped classroom
context.
2.2 Research Instruments

The study employed multiple validated research instruments to ensure the rigor and credibility of data
collected, with validity established through expert evaluation and strong theoretical grounding. Validation tools for the
SSl-integrated STEM activity sheets, lesson plans, and pre-test and post-test required expert teachers to assess
curriculum alignment, content accuracy, clarity, instructional coherence, and appropriateness for Grade 10 learners,
thereby ensuring content and face validity. The perception questionnaire, adapted from Self-Determination Theory,
measured key motivational constructs such as autonomy, competence, and relatedness, supporting construct validity,
while the self-reflection questionnaire used structured prompts aligned with the study objectives to capture meaningful
learner insights, ensuring content relevance and interpretive validity. Collectively, these instruments provided
comprehensive, reliable, and theoretically aligned measures for evaluating the quality, effectiveness, and learner
impact of the SSl-integrated STEM Learning Activity Sheets in a flipped classroom setting.

2.3 Data Gathering Procedure

The study followed a systematic Input—Process—Output (IPO) framework to ensure an organized and
evidence-based data gathering and analysis process. Curriculum documents and existing instructional materials
aligned with the Grade 10 MATATAG Curriculum served as inputs for designing SSl-integrated STEM Learning
Activity Sheets (LAS), lesson plans, and assessment tools, which were subsequently validated by expert teachers
using standardized instruments and refined based on quantitative ratings and qualitative feedback. The finalized
materials were implemented using a flipped classroom model, with pre-test and post-test data collected to measure
learning gains, alongside student perception and self-reflection questionnaires to capture engagement and learning
experiences. Quantitative data were analyzed using descriptive and inferential statistics, including means, standard
deviations, frequency, percentage, paired samples t-test, and effect size, while qualitative data from expert feedback
and learner reflections were examined through thematic analysis to inform revisions and instructional improvements.
Throughout the study, ethical standards were strictly observed through informed consent, confidentiality, voluntary
participation, and secure data handling, ensuring participant welfare, objectivity, and integrity in all phases of the
research.

3. RESULTS
3.1. Feedbacks provided by the experts regarding the lesson plan, learning activity sheets and both the pre-test
and post-test.

Expert feedback indicated that the lesson plans, Learning Activity Sheets (LAS), and assessment tools
demonstrated high quality, validity, and reliability based on multiple statistical analyses. Descriptive statistics showed
that all lesson plans were rated satisfactory to very satisfactory (M = 3.42-3.52, SD = 0.10-0.16), with no significant
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differences among them based on the Friedman test (y*> = 5.12, p = 0.077), while reliability analysis revealed excellent
internal consistency of the lesson plan evaluation instrument (Cronbach’s a = 0.97-0.99). The LAS achieved perfect
content validity, with Scale-Level Content Validity Index values of S-CVI/Ave = 1.00 across content, organization,
language, and design, indicating unanimous expert agreement. Similarly, the pre-test and post-test instruments showed
very high acceptability (M = 4.28-4.45, SD = 0.45-0.50), no significant differences across lesson plans (y2 = 1.40, p =
0.497), and excellent reliability (Cronbach’s a = 0.93-0.96), confirming their consistency and suitability for assessing
student learning outcomes.

3.2 Effectivity of the developed SSl-integrated STEM Learning Activity Sheets (LAS) in a flipped classroom
based on the learner’s performance, pre-test and post-test and the reflection of the learners to the activity.

The effectiveness of the SSl-integrated STEM Learning Activity Sheets (LAS) in a flipped classroom was
supported by difficulty indices, reliability analyses, and learner performance across three lessons. Difficulty index
analysis showed that most tasks in Lessons 1-3 fell within acceptable ranges (DI = 0.33-0.75), indicating appropriate
cognitive demand, although several Opinion-type tasks were identified as too easy due to very high difficulty indices
and low variability, warranting revision. Reliability analyses demonstrated acceptable to good internal consistency
across lessons (Lesson 1: Cronbach’s a = 0.78; Lesson 2: o = 0.70; Lesson 3: a = 0.82), with performance-based and
reflective tasks showing moderate to high coefficients of variation (CV = 0.38-0.77) and strong item-total
correlations (r = 0.62-0.91), confirming their alignment with overall learning outcomes. Overall, the results indicate
that the developed SSl-integrated STEM LAS effectively supported student learning and differentiation in a flipped
classroom setting, while also providing empirical bases for refining low-contributing and overly easy components to
further strengthen instructional effectiveness.

Item analyses showed consistently low pre-test difficulty indices (DI = 0.06—0.38), indicating limited prior
knowledge, followed by substantial increases to acceptable post-test levels (DI = 0.32-0.76) for almost all items, with
only one borderline or difficult item per lesson identifying areas needing further reinforcement. Descriptive statistics
revealed marked improvements in mean scores and mastery levels, with medium normalized gains across lessons
(Hake’s g = 0.32-0.35), reflecting educationally meaningful learning, while paired t-tests and Wilcoxon signed-rank
tests confirmed statistically significant pre- to post-test improvements in all lessons (p <.001), supported by very large
effect sizes (Cohen’s d = 2.52-3.93), indicating strong practical impact. Reliability analyses further established the
robustness of the assessments, with acceptable to good internal consistency across lessons (Cronbach’s a = 0.78—
0.82), confirming that the pre-test and post-test instruments consistently measured the intended learning outcomes.
Overall, the convergence of difficulty indices, learning gains, inferential results, and reliability coefficients provides
compelling evidence that the developed SSl-integrated STEM LAS effectively enhanced student performance,
conceptual understanding, and reflective learning in a flipped classroom setting.

3.3 Revisions and improvements to further refine the SSl-integrated STEM LAS based on the collected data
and reflection of the respondents.

The revisions and improvements of the SSl-integrated STEM Learning Activity Sheets (LAS) were guided
by a rigorous mixed-methods analysis combining qualitative thematic analysis and quantitative reliability and
descriptive statistics. Learners’ open-ended responses, analyzed thematically, revealed high engagement driven by
interactive, collaborative, and multimedia activities, while difficulties were linked to abstract concepts, text-heavy
tasks, limited time, and resource constraints such as weak internet connectivity; these themes clearly identified areas
needing pedagogical refinement. Quantitative analysis of the Perception Questionnaire showed that the instrument was
statistically reliable, with Cronbach’s alpha indicating excellent internal consistency for Perceived Value (o = 0.95),
high reliability for Interest/Enjoyment (o = 0.89), and acceptable reliability for Perceived Choice (a = 0.79),
confirming that students’ attitudes toward the LAS were measured consistently; mean scores and standard deviations
further described moderate to positive perceptions across subscales. Together, the convergence of high reliability
coefficients, descriptive statistics, and thematic findings justified targeted revisions, including increased collaborative
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tasks, enhanced scaffolding for abstract concepts, structured reflection activities, improved pacing, expanded
multimedia and offline resources, and refined visual and instructional design, ensuring that improvements were
evidence-based, pedagogically sound, and responsive to both learner experiences and statistical indicators.

4. DISUSSIONS

Expert validation showed that all lesson plans and LAS received very satisfactory to excellent ratings across
content, organization, design, and overall quality. The instruments demonstrated strong reliability (Cronbach’s a =
0.70-0.99) and perfect content validity (S-CVI/Ave = 1.00), confirming alignment with learning objectives. Pre-test
and post-test tools were likewise highly acceptable and reliable for measuring student learning gains.

Expert evaluation of lesson plans ensures instructional quality and curriculum alignment, with high mean
ratings and low variability indicating strong expert consensus, while rating differences highlight areas for
improvement (Lee & Kim, 2023; Martinez & Rivera, 2024; Nguyen et al., 2025). Nonparametric analyses such as the
Friedman test are appropriate for ordinal or non-normal expert ratings; non-significant results indicate comparable
lesson plan quality and consistent instructional standards (Park & Choi, 2023; Singh & Patel, 2024; Huang et al.,
2025). High Cronbach’s alpha values (o > 0.90), particularly above 0.95, demonstrate excellent internal consistency
and reliability of lesson plan evaluation instruments, supporting the credibility of expert validation results (Chen &
Lee, 2023; Garcia & Nguyen, 2024; Martinez et al., 2025). An S-CVI/Ave of 1.00 reflects excellent content validity
and complete expert agreement, confirming strong alignment of instructional materials with curriculum goals and
classroom readiness (Lopez & Tan, 2023; Rahman & Choi, 2024; Singh et al., 2025). Perfect S-CVI/Ave scores across
content, organization, and design indicate comprehensive expert agreement, showing that learning materials are well-
structured, clearly written, and pedagogically appropriate for implementation (Nguyen & Lee, 2023; Martinez &
Hassan, 2024; Kumar et al., 2025). High mean scores with low variability in pre-test and post-test instruments indicate
strong acceptability, clarity, and reliability for assessing student learning outcomes (Garcia & Tan, 2023; Lopez &
Ahmed, 2024; Shin et al., 2025). Non-significant Friedman test results for pre-test and post-test evaluations suggest
consistent acceptability and robustness of assessment instruments across lessons and instructional contexts (Kim &
Park, 2023; Nguyen & Santos, 2024; Hernandez et al., 2025). High Cronbach’s alpha values across lessons confirm
excellent reliability of pre-test and post-test instruments, supporting their use for accurate formative and summative
assessment in STEM education (Lee & Martinez, 2023; Garcia & Lim, 2024; Rashid et al., 2025).

Pilot testing showed consistent learning gains across all lessons, with mean pre- to post-test increases of
8.3-9.3 points and medium normalized gains (Hake’s g = 0.32-0.35). Results were statistically significant (p < .01)
with very large effect sizes (Cohen’s d = 2.52-3.93), indicating strong practical impact. Item analysis confirmed
appropriate task difficulty with minor areas for reinforcement, while reliability coefficients (o = 0.70-0.82)
demonstrated acceptable to good internal consistency of the LAS assessments.

Analyzing item difficulty is essential to ensure learning tasks provide appropriate cognitive challenge;
moderately difficult tasks better promote engagement and learning, while easier tasks benefit from scaffolding and
clearer instructions (Chen & Alvarez, 2023; Nguyen & Torres, 2024; Patel et al., 2025). Performance-based and
reflective tasks generally show higher discrimination and alignment with learning outcomes, whereas overly easy or
low-variability items weaken skill measurement and require revision to improve reliability and accuracy (Santos &
Lee, 2023; Choi et al., 2024; Martinez & Nguyen, 2025). Pilot testing with balanced difficulty indices supports
effective learning activity design, as moderately challenging tasks enable meaningful engagement and reliable
differentiation of student performance (Lopez & Tan, 2023; Park et al., 2024; Hernandez & Wu, 2025). Reliability
analyses indicate that moderate to high item-total correlations reflect strong construct alignment, while low-
correlation or low-variability components require refinement to enhance validity and contribution to lesson objectives
(Kim & Lee, 2023; Zhang et al., 2024; Santos & Rivera, 2025). Well-designed performance-based and reflective tasks
in SSl-integrated STEM instruction typically yield moderate to high difficulty indices, supporting higher-order
thinking, balanced challenge, and meaningful assessment (Nguyen & Tran, 2023; Oliveira et al., 2024; Li & Chen,
2025; Martinez & Silva, 2023). Reliable assessment in SSl-integrated STEM learning depends on tasks with sufficient
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variability and authentic complexity; simple or low-variability items provide limited diagnostic value and should be
revised (Kumar & Lee, 2023; Santos et al., 2024; Hernandez & Park, 2025; Wang & Liu, 2023). SSl-integrated STEM
instruction produces measurable learning gains, reflected in increased post-test scores and difficulty indices,
particularly for concepts emphasized through interactive and inquiry-based approaches (Nguyen & Tran, 2023; Rivera
et al., 2024; Choi & Kim, 2025; Lopez & Garcia, 2023). Medium normalized gains (Hake’s g = 0.3-0.4) and
consistent score improvements indicate educationally meaningful learning progress and effective instructional design
in SSl-integrated STEM lessons (Lee & Park, 2023; Santos & Alvarado, 2024; Nguyen et al., 2025). Large effect sizes
in pre- and post-test comparisons (Cohen’s d > 2.5) provide strong evidence that SSI-integrated, inquiry-based lessons
substantially improve conceptual understanding and critical thinking (Rivera et al., 2024; Nguyen & Tran, 2023; Choi
& Kim, 2025). Cronbach’s alpha values between 0.70 and 0.80 indicate acceptable internal consistency for
educational instruments, supporting the reliability of Lesson 1 assessments (George & Mallery, 2005; Taber, 2018;
Cheng et al., 2025). Consistent pre- to post-test gains and improved item difficulty indices demonstrate effective
instructional design and meaningful learning progress in Lesson 2 (Nguyen & Tran, 2023; Kim & Choi, 2024; Patel &
Sharma, 2025). High reliability coefficients (a > 0.75) confirm that SSI-integrated STEM assessments provide
dependable measures of student learning; thus, the Lesson 2 assessment (o = 0.79) is a stable and trustworthy
evaluation tool (Kim & Choi, 2023; Rivera & Lim, 2025). Lesson 3 results show that SSI-integrated STEM instruction
fosters significant and educationally relevant learning gains, with improved mastery levels and statistically significant
pre- to post-test differences (Nguyen & Reyes, 2023; Park & Lim, 2025; Lopez & Tan, 2024; Chen & Park, 2023).
Strong internal consistency (a = 0.82) for Lesson 3 confirms the reliability of the assessment instrument, ensuring that
observed learning gains accurately reflect student understanding (Garcia & Lim, 2023; Nguyen & Park, 2024).

Student feedback indicated high engagement with interactive, collaborative, and multimedia activities,
while difficulties arose with abstract content, pacing, and limited resources. Suggestions for improvement included
structured reflections, additional visuals, real-life examples, and more group tasks. Experts recommended aligning
activities with SSI and STEM criteria, sequencing effectively, using engaging titles, and enhancing visual appeal.
Proposed design improvements featured a cover titled “Science in Action: Discover, Explore, Create!”, colorful
STEM/SSI illustrations, readable fonts, color-coded footers with icons, and ample space for student work.

High subscale reliability is essential for perception questionnaires to accurately measure distinct student
attitude dimensions; strong Cronbach’s alpha values indicate dependable measurement, with minor refinement
suggested for subscales showing lower but acceptable reliability (Lopez & Chen, 2023; Ahmed & Park, 2025).
Student engagement in SSl-integrated STEM instruction is enhanced by interactive, collaborative, and multimedia-
based strategies, while effective scaffolding, reflection time, and equitable resource access are necessary to overcome
learning barriers (Garcia & Lim, 2023; Singh & Torres, 2024). Collaborative activities, guided reflection, and
multimedia supports promote higher-order thinking, metacognition, and deeper understanding of complex scientific
concepts in SSl-integrated STEM learning (Choi & Park, 2023; Ramirez & Li, 2025). Appropriate pacing, sufficient
time allocation, and offline-accessible materials are critical for equitable and effective learning, while authentic socio-
scientific issues and real-life contexts increase motivation and conceptual transfer (Nguyen & Torres, 2024; Kim &
Santos, 2023). Systematic alignment of STEM and SSI criteria, clear sequencing, engaging titles, and well-designed
multimedia materials enhance motivation, comprehension, and retention, particularly for abstract scientific content
(Lopez & Cheng, 2023; Patel & Gomez, 2024). Visually appealing design elements and inquiry-aligned sequencing,
combined with supportive visuals and SSl-related illustrations, foster sustained engagement, active learning, and
deeper conceptual understanding in STEM instruction (Kim & Rivera, 2023; Nguyen & Torres, 2024).

The findings show that the SSl-integrated STEM LAS effectively enhance students’ understanding of
evolutionary concepts, promote engagement through interactive and collaborative activities, and align with
MATATAG Grade 10 Science competencies. They support implementation in flipped classroom settings while
highlighting areas for refinement to optimize educational impact, accessibility, and learner engagement.
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4.1 Summary of Findings

The study designed, validated, and evaluated SSl-integrated STEM Learning Activity Sheets (LAS) aligned
with the Grade 10 MATATAG Science Curriculum, focusing on human evolution and fostering critical thinking,
creativity, collaboration, and communication (4Cs) through three sequenced lessons. Each lesson incorporated pre-
class and in-class activities within a flipped classroom model, following the 7E instructional framework and
integrating STEM tasks with socio-scientific contexts. Expert validation rated the LAS highly across content,
organization, design, and overall quality, with excellent reliability (Cronbach’s a = 0.70-0.99) and perfect content
validity (S-CVI/Ave = 1.00), while pre- and post-test instruments were reliable for measuring student learning gains.
Pilot testing showed significant improvements from pre- to post-test, medium normalized gains (Hake’s g = 0.32—
0.35), very large effect sizes (Cohen’s d = 2.52-3.93), and appropriate task difficulty, demonstrating meaningful
learning outcomes and assessment coherence (o = 0.70-0.82). Student feedback highlighted high engagement with
interactive, collaborative, and multimedia-based activities, and experts recommended design enhancements—such as
structured reflections, additional visuals, real-life examples, and visually appealing modules—to further maximize
motivation, understanding, and accessibility. Overall, the LAS effectively support learning of evolutionary concepts,
align with curricular competencies, and are suitable for implementation in flipped classroom settings while identifying
areas for refinement to optimize educational impact.

4.2 Conclusions

The study concludes that the developed SSl-integrated STEM LAS are valid, reliable, and effective tools
for teaching human evolution in Grade 10, fostering the 4Cs, aligning with the MATATAG Science Curriculum,
promoting meaningful learning gains, engaging students through interactive and collaborative activities, and providing
a well-structured framework that can be further enhanced with additional visuals, real-life examples, and structured
reflections.

4.3 Recommendations

The recommendations emphasize enhancing LAS through visual and multimedia elements, logically
sequenced and aligned activities, structured reflections, appropriate pacing, accessible resources, appealing design,
expert validation, continuous evaluation, and expanding the framework to other Grade 10 Science topics to promote
engagement, understanding, and integration of socio-scientific issues with STEM learning.
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