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Game-Based Activities (CGBAs) as an instructional strategy to enhance
students’ logical reasoning skills in science. Employing a quasi-experi-
mental research design, the study assessed the quality of CGBA implemen-
tation, students’ baseline competency in logical reasoning, their progress
across successive CGBA sessions, and overall improvement after the inter-
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consistently high implementation fidelity, aligning well with instructional
objectives. The findings indicated a significant improvement in students’
logical reasoning scores following CGBA exposure, with the majority ad-
vancing from “Satisfactory” to “Good” and “Very Good” performance levels.
A paired-samples t-test confirmed this difference to be statistically signif-
icant (p <.001), supporting the intervention’s impact on academic perfor-
mance. The study also affirmed that the assumptions required for para-
metric testing were met, enhancing the reliability of the findings. Overall,
the study underscores the pedagogical value of integrating collaborative
and game-based approaches to foster critical thinking, teamwork, and
deep engagement with scientific concepts. By transforming passive in-
struction into active, inquiry-driven learning, CGBA offers a compelling
model for strengthening logical reasoning and promoting meaningful sci-
ence education.
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Introduction

Logical reasoning encompasses essential
cognitive skills such as evaluating arguments,
verifying information, and forming sound judg-
ments (Dowhen, 2023). It is foundational
across disciplines including language, science,
computer science, and mathematics (Liu et al,,
2025), and plays a vital role in hypothesis de-
velopment and data interpretation in scientific
inquiry (Morris, 2025). Researchers emphasize
its importance in critical thinking (Cornell,
2024), higher-order cognitive development
(Borge et al., 2024), and both formal and infor-
mal reasoning processes (Halpern, 2022; Hel-
menstine, 2025). Despite its significance, many
students exhibit limited proficiency, particu-
larly in applying these skills to scientific prob-
lems (Nugroho et al., 2025).

Educational policies, such as the Philippine
K to 12 Science Curriculum, promote inquiry-
based learning to foster scientific literacy and
informed decision-making. International and
regional perspectives (UNESCO, 2019; Arifin et
al,, 2025) highlight logical reasoning as a core
skill in developing conceptual understanding
and problem-solving. Through competencies
like data analysis and hypothesis testing, sci-
ence education aims to nurture critical thinkers
capable of navigating real-world issues.

In professional domains, logical reasoning
underpins success in STEM careers where
problem-solving, collaboration, and adaptabil-
ity are crucial (Lutkevich, n.d.). Studies affirm
that it enhances innovation and decision-mak-
ing, making it a transferable asset across di-
verse academic and workplace contexts (Great
Learning Team, 2022; Indeed, 2023).

To bridge the gap in students’ reasoning
skills, the researchers introduced collaborative
game-based learning (CGBL)—a learner-cen-
tered approach designed to promote active en-
gagement through problem-solving. Early im-
plementation of logic tasks (PM Publisher,
2022) and alternatives to exam-centric sys-
tems (Yasmin et al,, 2023) are seen as vital in
fostering analytical thinking.

UNESCO (2019) stresses that early devel-
opment of reasoning is crucial for cultivating
scientific and critical thinking. However, only
19% of Grade 9 students at a university in Cebu
City answered logic-based science questions
correctly during a preliminary assessment,
prompting targeted intervention.

To assess the intervention’s effectiveness,
the following null hypothesis was posed: The
implementation of Collaborative Game-Based
Activities (CGBA) does not lead to a significant
improvement in the ability of the Grade 9 stu-
dents included in the study at a university in
Cebu City to answer science questions requir-
ing logical reasoning. Specifically, this study ex-
plores: (1) the characteristics of the collabora-
tive game-based activities; (2) students’ base-
line competency in logic-based science ques-
tions; (3) progress after each activity; (4) over-
all post-intervention competency; and (5) the
overall effectiveness of CGBA in enhancing log-
ical reasoning skills.

Methods

Research Design. This study adopts a
quasi-experimental research design to evaluate
the impact of collaborative game-based activi-
ties on enhancing students' logical reasoning
skills in the context of science-related ques-
tions. Quantitative methods serve as the pri-
mary analytical approach to examine the data
collected during the intervention. The partici-
pants of this study came from a Grade 9 section
of junior high school students of a university in
Cebu City, comprising a total of 47 enrolled
learners. This class was selected due to the high
number of reported difficulties in logical rea-
soning compared to other observed sections.

Diagnosis. This study addresses a signifi-
cant deficiency in students' logical reasoning
skills, particularly in their ability to respond to
science questions that require analytical think-
ing. Observations revealed substantial learning
gaps, with students correctly answering only a
small fraction of reasoning-based questions—
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highlighting the urgency for intervention. Anal-
ysis pointed to several contributing factors, in-
cluding conventional teaching methods, nega-
tive learning environments, language chal-
lenges, and insufficient development of founda-
tional thinking skills. To respond to these is-
sues, the researchers identified structured ac-
tivities that promote logical thinking as the
most effective strategy to enhance student per-
formance in science-related reasoning tasks.

Accordingly, the focus of this study is on im-
proving students’ ability to answer science
questions that require logical reasoning, based
on three core rationales. First, such questions
serve as diagnostic tools that help educators as-
sess students’ depth of understanding and
identify misconceptions, thereby informing
targeted instruction (Huseynova, 2023). Sec-
ond, they provide opportunities for immediate
feedback, which enhances student engagement
and supports formative learning processes
(Williams, 2024). Third, strengthening reason-
ing skills through structured questioning pre-
pares students for standardized assessments,
which often rely on well-designed question for-
mats to evaluate higher-order thinking
(Jimenez & Modaffari, 2021).

Specific Intervention. To address students'
limited proficiency in answering science ques-
tions that require logical reasoning, this study
introduces a pedagogical strategy that inte-
grates collaborative learning with game-based
elements. Collaborative Game-Based Activities
(CGBAs) are designed to promote engagement,
teamwork, and analytical thinking by aligning
game mechanics with science curriculum goals.
Research supports the value of collaborative
learning in enhancing critical thinking and peer
interaction (Padayichie, 2023; Shamuratovich,
2023), while game-based learning fosters crea-
tive problem-solving and motivation (Sharma,
2023; University of Waterloo, n.d.). This com-
bined approach creates a dynamic and inclu-
sive learning environment where students de-
velop logical reasoning skills through meaning-
ful, hands-on experiences.

The intervention is grounded in Social
Learning Theory, Constructivism, and Connec-
tionism, drawing from the work of Bandura,
Vygotsky, and Thorndike. These frameworks

emphasize learning through social interaction,
the active construction of knowledge, and the
strengthening of cognitive associations, respec-
tively (Ravi, n.d,; Surur, 2020). Transitioning
from traditional, teacher-centered instruction
to CGBAs marks a shift toward student-driven
learning, characterized by problem-solving, di-
alogue, and collaboration. By embedding logi-
cal reasoning within purposeful group activi-
ties and game-based scenarios, this approach
supports deeper cognitive development and
prepares students to navigate complex scien-
tific problems with critical insight.

Intervention Activities. To improve stu-
dents’ logical reasoning in science, the re-
searchers implemented Collaborative Game-
Based Activities (CGBAs), integrating collabo-
rative learning with gameplay across key third-
quarter topics: volcanoes, climate factors, stars,
and the relationship between constellations
and Earth’s orbital position. These activities
aimed to foster engagement, critical thinking,
and application of concepts through structured
teamwork and interactive tasks. Four core ac-
tivities were conducted: Volcano Word Associ-
ation, Climate Change Match, Climate Change
Mind Mapping, and Move with the Stars, each
designed to align with curriculum goals and
promote logical thinking in a supportive, par-
ticipatory environment.

In Volcano Word Association, students gen-
erated unique volcano-related terms under
time constraints, promoting quick reasoning
and group coordination. Climate Change Match
involved pairing terminology with definitions,
encouraging analytical thinking and peer dis-
cussion. The Mind Mapping task helped stu-
dents visualize climate-related concepts collab-
oratively, using graphic organizers to reinforce
content understanding. In Move with the Stars,
a charades-based game, learners conveyed as-
tronomy terms through gestures, enhancing in-
ference and interpretation skills. Collectively,
these interventions created an immersive
learning experience focused on improving logi-
cal reasoning through active collaboration and
game-based strategy.

Intervention Procedure. This study used
purposive sampling to select 47 Grade 9
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students who were specifically identified as
having difficulties in logical reasoning when an-
swering science questions, ensuring the sample
directly addressed the study’s focus. To im-
prove their skills, students participated in col-
laborative game-based activities. A pre-test
was administered to assess their initial perfor-
mance, using a questionnaire based on first and
second grading topics. The test underwent con-
tent and construct validity processes. For con-
tent validity, two science experts rated each
item’s relevance, resulting in a Content Validity
Index (CVI) of 1.0, indicating strong validity.

For construct validity, the pre-test scores were
compared to those from an established logical
reasoning test, yielding a Pearson correlation
coefficient of 0.81, signifying a strong relation-
ship.

Evaluation Specifics. To systematically
outline the procedures and evaluation methods
used in the intervention, the following table
summarizes the implementation process, as-
sessment tools, and performance descriptors
applied throughout the study.

Table 1. Summary of Implementation Procedures, Assessment Methods, and Performance Classifica-

tions

Evaluation Component

Description

Group Formation

Students were heterogeneously grouped based on pre-test
results to encourage peer learning and inclusivity.

Role of High Performers

High-performing students supported their peers during col-
laborative tasks.

Collaborative Activities

Activities were designed to enhance reasoning and team-
work skills.

Intervention Quality Assessment

Assessed using a rubric adapted from the Science Education
Resource Center; criteria included scientific accuracy, align-
ment, pedagogic effectiveness, and robustness.

Progress Testing

Conducted after each activity; validated by two educators;
CVI scores ranged from 0.95 to 1.0.

Post-Test Administration

Same as pre-test; implemented after all interventions; results
analyzed using a Paired T-Test.

Evaluation Strategy

Used both descriptive and inferential statistics to assess the
effectiveness of CGBAs.

Descriptive Statistics

Summarized outcomes from pre-tests, post-tests, progress
tests, and intervention quality assessments.

Performance Descriptors

“Very good,” “Good,” “Satisfactory,” “Sufficient,” “Fail” or “Did
not meet expectations” (for intervention quality)

Scoring Intervals

Pre/Post-tests (25 items): 5-point intervals (e.g, 21-25 =
“Very Good”) Progress tests (10 items): 2-point intervals and
Intervention (16 max): 3-point intervals

Data Visualization

Charts were used to illustrate trends and changes in perfor-
mance throughout the intervention.

As outlined in Table 1, the intervention em-
ployed a holistic approach to assessment, com-
bining structured grouping, rubric-based eval-
uations, and both quantitative and visual anal-
yses. These methodologies ensured a reliable
and comprehensive evaluation of students’ log-
ical reasoning development.

To determine whether observed improve-
ments were statistically significant, the Paired
Sample T-Test was conducted using SPSS. This
test compared mean scores before and after the
CGBA intervention. As defined by Kent State
University (2023), the Paired Sample T-Test as-
sesses whether the means of two related
groups—such as pre-test and post-test
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scores—are significantly different. Prior to
analysis, normality of the data distribution was
verified using the Kolmogorov-Smirnov and
Shapiro-Wilk tests. These tests evaluate
whether the data approximate a normal
(Gaussian) distribution, a key assumption for
parametric testing such as the T-Test. Accord-
ing to Mishra et al. (2019), violating this as-
sumption can compromise the validity of statis-
tical conclusions. By ensuring these conditions
were met, the study provided a robust basis for
evaluating the impact of CGBAs on students’
logical reasoning development.

Limitations of the Methodology. This
study was limited to a section of Grade 9 stu-
dents of a university in Cebu City, focusing on
improving their logical reasoning in science
through Collaborative Game-Based Activities
(CGBA). The research focused on short-term
improvements and did not evaluate the long-
term effects of the intervention. In addition,
variables such as students’ backgrounds, learn-
ing styles, and cognitive differences were not

examined, as these required extended data col-
lection procedures and privacy clearances be-
yond the study’s scope. Furthermore, the test
instruments—pre-test, post-test, and progress
assessments—were validated by two Grade 9
science teachers, as they were the only subject
experts available in the school. While their in-
sights ensured curricular alignment, the lim-
ited number of validators may affect the
broader generalizability of the tools. Despite
these constraints, the researchers strived to
maintain methodological rigor and transpar-
ency throughout the implementation.

Results and Discussion

Characteristics of the Collaborative
Game-Based Activities. To evaluate the quality
of the implemented Collaborative Game-Based
Activities (CGBAs), a rubric-based assessment
was conducted by subject matter validators.
Table 2 presents the scores assigned to each
CGBA, reflecting the consistency and effective-
ness of the interventions.

Table 2. Scores for Intervention Quality as Scored by Validators

Title of CGBA Rating Descriptor
1. Volcano Word Association 15 Very good
2. Climate Change Matchmaking 15 Very good
3. Climate Change Mind Mapping 15 Very good
4. Move with the Stars, a Game of Charades 15 Very good

All four Collaborative Game-Based Activi-
ties (CGBAs) received a validator score of 15,
placing them within the “Very Good” category.
This consistent rating suggests that each activ-
ity met or exceeded expectations across key
evaluative criteria, including scientific accu-
racy, pedagogical alignment, and instructional
effectiveness. The use of expert validation
strengthens the credibility of the intervention,
as validator scoring remains a widely accepted
method for ensuring the quality and relevance
of instructional materials (Mor & Ersen, 2023).
These results affirm the soundness of the CGBA
design and its potential to support meaningful
learning outcomes.

Students’ Baseline Competency. To estab-
lish a baseline for students’ logical reasoning
abilities in science, a pretest was administered
prior to the implementation of Collaborative
Game-Based Activities (CGBA). Table 3 pre-
sents the frequency and percentage distribu-
tion of students' scores, categorized into five
performance descriptors. The results provide
an overview of the participants’ initial compe-
tency levels in answering science questions
that required logical reasoning.
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Table 3. Pretest Performance Levels in Logical Reasoning Among Grade 9 Students Prior to CGBA

Implementation
Range Descriptor Frequency Percent
21-25 Very Good 0 0.00
16-20 Good 7 14.89
11-15 Satisfactory 30 63.83
6-10 Sufficient 10 21.28
5 and below Fail 0 0.00
Total 47 100.00

The pretest score distribution underscores
a prevailing need to strengthen students’ logi-
cal reasoning skills in scientific contexts. With
63.83% of students performing within the “Sat-
isfactory” range (scores of 11-15) and an addi-
tional 21.28% in the “Sufficient” bracket
(scores of 6-10), the results suggest that most
learners were operating at a basic or emerging
level of competency prior to the intervention.
The modest 14.89% attaining a “Good” rating
(16-20) reflects isolated instances of higher
proficiency, while the absence of “Very Good”
or “Fail” scores indicates a clustering around
the midrange. This pattern suggests that while
severe underperformance was not observed,
the overall cohort exhibited untapped poten-
tial—positioned to benefit meaningfully from
targeted instructional support aimed at ad-
vancing their reasoning capacities. These find-
ings underscore the importance of pre-

assessment in identifying learning gaps and tai-
loring instruction accordingly, as pretests pro-
vide valuable diagnostic insight into students’
prior knowledge and readiness for new content
(Pan & Carpenter, 2023).

Progress after each Collaborative Game-
Based Activity. Table 4 presents the descrip-
tive statistics of students’ performance on pro-
gress tests administered after each Collabora-
tive Game-Based Activity. The mean scores re-
flect students’ logical reasoning abilities in ad-
dressing science-related questions across four
thematic topics: volcanoes, climate change,
stars, and constellations. Descriptors corre-
sponding to each mean score provide a qualita-
tive interpretation of students’ progress, based
on a standardized scale ranging from “Fail” to
“Very Good.”

Table 4. Descriptive Statistics of Logical Reasoning Progress Test Scores Across Collaborative Game-

Based Activities
Progress Test N Mean Score Descriptor
volcano 47 5.83 Satisfactory
climate change 47 7.32 Good
stars 47 7.87 Good
constellation 47 8.47 Good

The data reveal a steady upward trajectory
in students’ logical reasoning performance
throughout the series of Collaborative Game-
Based Activities (CGBAs), suggesting a cumula-
tive learning effect. The initial mean score of
5.83 (Satisfactory) on the volcano test points to
foundational skills that, while emerging, still
required development. However, the succes-
sive increases—7.32 on climate change, 7.87 on
stars, and 8.47 on constellation, all within the

“Good” performance range—indicate not only
improving proficiency but also growing confi-
dence and cognitive engagement. This progres-
sion implies that sustained exposure to CGBA
interventions fostered deeper conceptual un-
derstanding and more consistent application of
logical reasoning across varied scientific topics.

This upward trend highlights the effective-
ness of CGBAs in promoting critical thinking
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and collaborative engagement. The consist-
ently rising mean scores, paired with improved
descriptors, point to a sustained enhancement
in students’ performance over time. These find-
ings support the pedagogical value of collabo-
rative, game-based learning in fostering logical
reasoning in science education—particularly
when students are actively engaged and en-
couraged to exchange ideas with peers (Padayi-
chie, 2023).

While the results in Table 4 indicate a posi-
tive trajectory in students’ logical reasoning
performance, several limitations must be con-
sidered when interpreting these outcomes. The
absence of a control group restricts causal in-
ferences, as improvements might also stem
from external factors beyond the intervention.
Additionally, the relatively small and homoge-
neous sample may limit the generalizability of

findings to broader populations. Repeated ex-
posure to similar testing formats could have in-
troduced practice effects, potentially inflating
scores. The narrow scoring range may also
have constrained the ability to detect nuanced
variations in performance. Finally, while the
tests were validated, potential bias in scoring
and content familiarity across topics may have
influenced results, underscoring the need for
cautious interpretation.

Overall Post-intervention Competency.
Table 5 presents the frequency and percentage
distribution of students’ post-test scores fol-
lowing their participation in Collaborative
Game-Based Activities (CGBA). The table re-
flects students’ competency in answering sci-
ence questions that required logical reasoning,
as measured by a standardized 25-point scale.

Table 5. Distribution of Students’ Logical Reasoning Competency in Science Post-Test Following

CGBA
Range Descriptor Frequency Percent

21-25 Very Good 5 10.64
16-20 Good 34 72.34
11-15 Satisfactory 8 17.02

6-10 Sufficient 0 0.00

5 and below Fail 0 0.00
Total 47 100.00

The distribution of post-test scores pro-
vides meaningful insight into the impact of the
instructional interventions on students’ logical
reasoning abilities. The high proportion of
learners achieving classifications of Good
(72.34%) and Very Good (10.64%) reflects not
only academic progress but also a notable shift
in students’ capacity to engage with complex
scientific reasoning tasks. This pattern points
to the effectiveness of the learning design—
particularly its emphasis on cooperative, game-
based strategies—in cultivating higher-order
thinking. Rather than simply improving test
performance, the interventions appear to have
empowered students to apply logical reasoning
more confidently and consistently, marking a
positive transformation in both skill acquisi-
tion and cognitive engagement. Sharma (2023)
noted that game-based learning environments
not only stimulate creative thinking but also

enhance students’ logical reasoning abilities by
encouraging exploration and inventive prob-
lem-solving.

The complete absence of scores in the Suffi-
cient and Fail ranges reflects the effectiveness
of the interventions in minimizing learning
gaps. Although a small portion of students
(17.02%) scored in the Satisfactory range, this
suggests that individualized support may still
be beneficial for some learners. The findings af-
firm the pedagogical value of interactive learn-
ing strategies and align with Constructivist
principles, where students are active partici-
pants in their learning process—engaging in
reflection, critical thinking, and reasoned deci-
sion-making. Empirical support for this ap-
proach is echoed by Meisser (2022), who em-
phasized the value of authentic assessments in
fostering student confidence and achievement,
and by Killian (2023), whose research
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highlighted the high impact of concept mapping
as a teaching strategy that promotes meaning-
ful learning and schema integration. Shamura-
tovich (2023) likewise emphasized that collab-
orative learning environments can significantly
cultivate logical thinking skills by accommodat-
ing diverse learning needs.

A comparison of pretest and post-test re-
sults reveals a significant enhancement in stu-
dents’ logical reasoning following the CGBA in-
tervention. Initially, most students were clus-
tered in the Satisfactory (63.83%) and Suffi-
cient (21.28%) categories, with no one achiev-
ing Very Good. After the intervention, 72.34%
reached the Good level and 10.64% attained
Very Good, while no students remained in the
lower categories—indicating a clear upward
shift in performance.

Overall Effectiveness of Collaborative
Game-Based Activities. These findings under-
score the effectiveness of collaborative, game-
based learning in fostering logical reasoning.

As Di Martino et al. (2024) demonstrated,
structured cognitive enhancement programs
can significantly improve students’ reasoning
abilities. Similarly, Bronkhorstetal. (2021) em-
phasized the importance of linking multiple
representations in learning environments to
support logical development. The results affirm
that CGBA not only promotes engagement but
also cultivates higher-order thinking skills es-
sential for science education.

Before evaluating whether there was a sig-
nificant improvement in students' logical rea-
soning scores from pre-test to post-test using a
paired-samples t-test, a Shapiro-Wilk test was
conducted to assess the normality of both dis-
tributions. As shown in Table 6, the results con-
firmed that the pre-test and post-test scores
were approximately normally distributed, with
p-values exceeding the .05 threshold. This indi-
cates that the assumption of normality was
met, supporting the appropriateness of apply-
ing parametric statistical analyses.

Table 6. Tests of Normality for Pre-Test and Post-Test Scores (Shapiro-Wilk)

Measure Statistic (W) df p
Pre-Test 958 47 .089
Post-Test 970 47 255

The Shapiro-Wilk test is widely regarded
as a robust method for assessing normality,
particularly in studies with smaller sample
sizes. Recent literature affirms its suitability for
samples under 50, due to its high statistical
power and sensitivity to non-normality (Whit-
field, 2025). In this study, the assumption of
normality was not violated, thereby supporting
the use of parametric procedures such as the
paired-samples t-test, which are appropriate
when data are approximately normally distrib-
uted.

Table 7 presents the results of the paired-
samples t-test conducted to determine whether
there was a statistically significant difference in
students’ competency in answering science
questions that require logical reasoning before
and after exposure to Collaborative Game-
Based Activities (CGBA). The table includes the
mean scores for pre-test and post-test condi-
tions, the computed t-value, associated p-value,
and the corresponding statistical decision and
interpretation.

Table 7. Paired-Samples t-Test Results on Students’ Logical Reasoning Competency Before and After

CGBA
Test Mean t p-value Decision Remarks
Pre-Test 12.70
Post-Test 17.60 -13.35 <.001 Reject Hy Significant
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A paired-samples t-test was conducted to
determine whether students’ logical reasoning
competencies significantly improved after ex-
posure to Collaborative Game-Based Activities
(CGBA). Results revealed a statistically signifi-
cant increase in scores from the pre-test (M =
12.70) to the post-test (M = 17.60), t(46) = -
13.35, p < .001. This substantial gain indicates
that CGBA had a meaningful and positive im-
pact on students’ ability to answer science
questions requiring logical reasoning.

The findings suggest that integrating col-
laborative and game-based strategies into sci-
ence instruction can effectively enhance stu-
dents’ higher-order thinking skills. As Antonio
and Prudente (2024) demonstrated in their
meta-analysis, inquiry-based and interactive
approaches significantly improve students’
cognitive engagement and reasoning in science
contexts. Moreover, Manalo and Chua (2020)
found that collaborative inquiry models foster
deeper conceptual understanding and logical
reasoning by encouraging peer interaction and
reflective thinking. These results reinforce the
pedagogical value of CGBA as a constructivist-
aligned intervention that not only boosts aca-
demic performance but also cultivates essen-
tial 21st-century skills.

The results of the study provide strong evi-
dence for the effectiveness of Collaborative
Game-Based Activities (CGBAs) in enhancing
students’ logical reasoning skills in science.
Evaluated using a structured rubric, the CGBAs
consistently earned high ratings from the sci-
ence teacher, affirming their alignment with in-
structional goals. Pre-test results showed that
most students demonstrated only satisfactory
reasoning abilities. However, post-intervention
data reflected a significant shift, with the ma-
jority achieving Good or Very Good scores, and
a steady upward trend across successive activ-
ities indicated sustained cognitive gains.

Statistical analysis further confirmed the
intervention’s impact. A paired-samples t-test
revealed a highly significant difference be-
tween pre-test and post-test performance (p <
.001), supporting the conclusion that CGBA
participation led to measurable improvements
in students’ ability to reason through science

reinforcing the reliability of the findings. These
results underscore the pedagogical value of
game-based, collaborative instruction for de-
veloping logical reasoning and promoting
meaningful learning in science education.

Conclusion

The findings of this study affirm the effec-
tiveness of Collaborative Game-Based Activi-
ties (CGBAs) in enhancing Grade 9 students’
logical reasoning skills within science instruc-
tion. Through structured peer collaboration
and gamified learning experiences, students
demonstrated consistent improvement across
progress and post-test assessments, suggesting
that CGBAs foster both academic gains and
higher-order cognitive development. The shift
from satisfactory to good performance over
successive interventions indicates that re-
peated, engaging activities can meaningfully
scaffold logical reasoning in scientific contexts.

However, the study is not without limita-
tions. The absence of a control group, a rela-
tively small and context-specific sample, and
potential practice effects across repeated as-
sessments temper the generalizability of the
results. Additionally, the narrow scoring range
may have restricted finer distinctions in perfor-
mance growth.

Future research should consider imple-
menting more robust experimental designs, in-
cluding control groups and larger, more di-
verse samples, to strengthen causal inferences.
Investigating the long-term retention of rea-
soning skills and adapting CGBA interventions
across other subject areas or educational levels
may also provide valuable insights. Nonethe-
less, this study offers promising evidence that
integrating CGBAs into science classrooms can
transform passive instruction into dynamic,
cognitively enriching learning experiences.
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