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Abstract

This study examines the effectiveness of the Snowball Throwing cooperative learning strategy in improving
science learning outcomes among fourth-grade students at MI Ma’arif Pabelan, Central Java, Indonesia. A
classroom action research design was applied over three cycles, each consisting of planning, implementation,
observation, and reflection. The participants included 33 students (22 males and 11 females). Data were gathered
through achievement tests, structured observations, and documentation, and were analyzed using descriptive
statistics. The results revealed steady improvements in student mastery: 51.51% in Cycle I, 69.69% in Cycle II, and
87.87% in Cycle IIl, surpassing both the minimum competency standard (65) and the classical completeness
benchmark (85%). These findings confirm that Snowball Throwing is effective in enhancing engagement and
learning achievement, especially in teaching conceptually abstract science topics such as the Earth’s appearance
and celestial motion. The study contributes to the literature by documenting iterative improvements across
multiple cycles, highlighting its applicability in underrepresented contexts such as Islamic elementary schools.
Beyond affirming the value of cooperative learning, this research emphasizes the importance of reflective teaching
practices and iterative instructional refinement in achieving sustainable improvements in science education.
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INTRODUCTION

Underpinned by global commitments to quality and equity, contemporary education is
expected to cultivate learners’ cognitive, social, and practical competencies for meaningful
participation in society and sustainable development (Education at a Glance, 2019; Saini et al.,,
2023). Within this mandate, primary science education plays a crucial role because it develops
foundational scientific literacy alongside twenty-first-century capacities such as reasoning with
evidence, problem solving, and collaborative inquiry (Iwuanyanwu, 2020; Soomro et al,, 2025;
Urdanivia Alarcon et al.,, 2023). Yet, classroom practice in many systems including those in low- and
middle-income contexts, continues to be dominated by teacher-centered transmission that limits
student talk, active engagement, and formative feedback, thereby constraining the development of
higher-order thinking (Bremner et al.,, 2022; Popova et al,, 2022). Addressing this gap requires
pedagogies that structure participation, elicit student thinking, and make learning visible through
interaction and feedback cycles (Bremner et al., 2022; Chan, 2023; Popova et al,, 2022).

A substantial body of research demonstrates that active learning approaches where students
do cognitively demanding work with ideas rather than passively receiving information produce
significant gains in achievement and reduce inequities (Bremner et al, 2022; Kozanitis &
Nenciovici, 2023; Popova et al, 2022). In science and STEM classrooms, active learning
outperforms lecture on concept inventories and examinations while narrowing performance gaps
for historically underserved learners (Sandrone et al., 2021; Theobald et al., 2020; Von Korff et al.,
2016). Closely aligned are inquiry-oriented and cooperative learning designs that organize peer
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interaction around tasks requiring explanation, argumentation, and shared responsibility, yielding
reliable improvements in conceptual understanding and persistence (Gillies, 2023; Li et al,, 2023).
For younger learners in particular, instruction that leverages playfulness, collaboration, and game-
like structures sustains attention and deepens engagement, thereby supporting robust learning
processes (Adipat et al., 2021; Rivera & Garden, 2021).

Within the cooperative learning repertoire, the Snowball Throwing strategy (sometimes
called “snowball fight” questioning) operationalizes active engagement by asking students to
author questions on a target concept, exchange them via “paper snowballs,” and respond
collaboratively, thus distributing dialogue and formative assessment across the class (Bukit et al.,
2023; Hardiansyah, 2022; Manurung et al.,, 2019). Evidence from classroom studies indicates that
Snowball Throwing increases participation, elevates motivation, and improves science learning
outcomes in primary settings (Irawahyuni et al, 2021; Murtini et al., 2022). Additional
investigations in Indonesian elementary schools report positive effects on achievement and
classroom climate, suggesting the method’s promise for contexts where student talk is typically
sparse (Theobald et al., 2020; William et al.,, 2020). The strategy is theoretically consonant with
visible-learning principles emphasizing frequent checks for understanding and peer-mediated
feedback, as well as with social interdependence theory, which links structured cooperation to
higher achievement and prosocial norms (Carless & Boud, 2018; Panadero & Lipnevich, 2022)

Despite these encouraging findings, several limitations in the literature remain. First, most
published studies on Snowball Throwing in science involve single-site cases or short-duration
implementations, which makes it difficult to trace progressive change in mastery and enact
iterative refinements typical of improvement-oriented (Bergmark, 2023; Chua etal., 2022; Mertler,
2021). Second, few studies have focused on conceptually abstract and astronomy-related primary
topics such as changes in Earth’s appearance and celestial motions that are known to challenge
learners’ everyday conceptions and demand carefully scaffolded discussion (Bergmark, 2023;
Raviv & Dadon, 2021). Third, evidence from Islamic elementary schools in Indonesia remains
underrepresented in international discourse, even though contextual factors (school culture,
curricular emphases, and resource constraints) may shape the enactment and effects of
cooperative strategies (Chua et al., 2022; Nasution, 2017; Santosa & Sudirman, 2023). These gaps
point to the need for methodologically transparent, multi-cycle classroom action research (CAR)
that documents instructional adjustments across cycles and links them to changes in student
outcomes (Kamarudin & Mat Noor, 2024; Ng & Lo, 2022).

Responding to these needs, the present study conducts a three-cycle CAR in a fourth-grade
class at an Indonesian Islamic elementary school to examine the effectiveness of the Snowball
Throwing strategy for improving science learning outcomes on the topic of changes in Earth’s
appearance and celestial bodies. Specifically, this research (a) implements Snowball Throwing with
iterative refinements across cycles, (b) monitors shifts in class mastery relative to the school’s
competency benchmark through descriptive analysis, and (c) interprets learning gains in relation
to active and cooperative learning theory and prior empirical work. By providing context-sensitive,
cycle-by-cycle evidence, the study aims to strengthen the empirical base for Snowball Throwing in
primary science and to offer practical guidance for teachers working in comparable school settings
(Crawford, 2022; Mertler, 2021; Wakeman et al., 2022).

METHODS

This study employed a Classroom Action Research (CAR) design to systematically investigate and
improve instructional practices through iterative cycles of planning, implementation, observation, and
reflection. CAR was selected because it provides a structured framework for teachers and researchers
to collaboratively identify instructional challenges, implement targeted strategies, and monitor their
impact on student learning outcomes in real classroom contexts (Mertler, 2021). The intervention was
conducted over three consecutive cycles in a fourth-grade science class at MI Ma’arif Pabelan, Central
Java, Indonesia, during the 2022/2023 academic year. The participants consisted of 33 students (22
males and 11 females) and one classroom teacher who also served as a collaborator in planning and
reflecting upon each cycle. The topic of focus was “Changes in the Appearance of the Earth and Celestial
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Bodies,” a subject area that students often find abstract and conceptually challenging.

Planning
Reflection Cyclel Implementation
w Observation

Planning
Reflection Cycle I Implementation
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?

Figure 1. Classroom Action Research Cycle (Kemmis et al., 2014)

Data collection relied on multiple instruments to ensure validity and reliability. Learning
outcomes were assessed using teacher-developed science achievement tests that were aligned with the
school’s curriculum and validated by two independent experts in science education. Student
engagement and classroom dynamics were documented through structured observation checklists,
while field notes and reflective journals captured qualitative insights into student participation and
teacher practices. Each cycle lasted two sessions (2 x 35 minutes per session), and student mastery was
evaluated against the school’s Minimum Competency Criterion (Kriteria Ketuntasan Minimal/KKM), set
at 65. Following each cycle, researchers and the classroom teacher collaboratively reflected on the
findings to design refinements for subsequent implementation.

Data analysis combined descriptive quantitative and qualitative approaches. Quantitative data
from student test scores were analyzed to calculate mean, range, and the percentage of students
achieving mastery at each cycle, following the formula for classical completeness (= 85% of students
reaching the KKM benchmark indicates success). Qualitative data from observations and reflections
were analyzed thematically to identify patterns of student participation, classroom interaction, and
teacher facilitation. Triangulation of these data sources enhanced the credibility of the findings, and
member-checking with the teacher further strengthened trustworthiness.

Ethical considerations were addressed throughout the research process. Approval was obtained
from the school principal, and informed consent was secured from the classroom teacher and the
students’ guardians. Anonymity of the students was maintained by using initials in the datasets, and all
participants were assured that the data would be used exclusively for academic purposes. The study
adhered to the principles of respect, beneficence, and justice in educational research (Crane & Broome,
2017).

RESULTS AND DISCUSSION

Student Learning Outcomes Across Cycles

The results of this classroom action research illustrate a consistent and substantial progression in
student learning outcomes across the three iterative cycles of implementation. In Cycle I, the average
learning outcome score was 65.9, with only 17 students (51.51%) meeting the mastery threshold. While
students expressed enthusiasm toward the Snowball Throwing strategy, many demonstrated difficulties
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in composing meaningful questions and engaging in peer-to-peer discourse. This indicates that initial
exposure to the cooperative learning model required significant teacher scaffolding to guide productive
interaction and ensure alignment with instructional objectives.

In Cycle II, improvements were systematically introduced, particularly in providing clearer group
instructions and explicit scaffolding for question formulation. These adjustments yielded measurable
gains, with the mean score increasing to 70.0, and 23 students (69.69%) meeting mastery criteria. This
reflects an 18.19% improvement compared to Cycle I, highlighting the value of cycle-by-cycle
refinement in classroom action research. Notably, classroom observations indicated more equitable
participation, as students who were initially passive began to contribute to discussions.

By Cycle III, the Snowball Throwing strategy was implemented with greater efficiency, and
students demonstrated enhanced confidence in both posing and responding to peer-generated
questions. The average score rose significantly to 80.0, with 29 students (87.87%) surpassing the
mastery benchmark, thereby exceeding the classical completeness standard of 85%. This final cycle
confirms that sustained implementation and iterative adjustments fostered not only measurable
academic improvement but also a participatory and collaborative classroom culture.

Progression of Mastery Levels

Figure 1 illustrates the progression of mastery levels across the three cycles. The trend
demonstrates a consistent upward trajectory, with incremental gains of 18.19% from Cycle I to Il and
18.18% from Cycle II to III, suggesting that iterative refinements in the teaching process significantly
contributed to learning gains.

Table 1. Summary of Student Achievement Across Cycles

Cycle Mean Score  Students Mastered Students Not Mastered Mastery (%) Improvement (%)

Cyclel 65.9 17 16 51.51% -
Cycle II 70.0 23 10 69.69% +18.19%
Cycle III 80.0 29 4 87.87% +18.18%

Comparison with Previous Studies

The progressive improvement in student performance validates the effectiveness of active
learning approaches. Deslauriers et al. (2019) reported that students in active classrooms outperformed
their peers in lecture-based settings, while Theobald et al. (2020) demonstrated that active learning
reduces performance gaps, particularly benefiting underachieving students. The current findings
resonate with Van Ryzin and Roseth (2019), who emphasized the academic and socio-emotional
benefits of structured cooperative learning. Within Indonesia, Kejora (2020) and Ninin Indira et al.
(2023) similarly documented improved motivation and achievement through Snowball Throwing, and
Bukit etal. (2023) highlighted its role in enhancing curiosity and collaboration. The alignment with these
studies underscores the robustness of the strategy, while the present study extends the literature by
offering multi-cycle evidence of sustained improvement.

Novel Contributions of the Study

This study offers three principal contributions to the literature on cooperative learning in
primary science education. First, it addresses astronomy-related concepts specifically Earth’s
appearance and celestial motions that are recognized as abstract and conceptually demanding for
young learners. Prior research indicates that students frequently hold persistent misconceptions
about astronomical phenomena, requiring carefully scaffolded discussion to support conceptual
change (Raviv & Dadon, 2021). By demonstrating that the Snowball Throwing strategy can
effectively foster understanding even in these challenging domains, the study extends the
applicability of cooperative learning beyond familiar and concrete science topics.

Second, the research is situated within an Islamic elementary school in Indonesia, a context
rarely represented in international discourse. Although Islamic schools account for a significant
proportion of primary education in Indonesia, their unique cultural, curricular, and resource
conditions remain largely absent from global comparative research (Nasution, 2017). By
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foregrounding this context, the study not only enriches the diversity of evidence in cooperative
learning literature but also highlights the potential of adapting such strategies to culturally
embedded educational settings.

Third, the study contributes methodological innovation by documenting outcomes across
three Classroom Action Research (CAR) cycles. Most prior evaluations of Snowball Throwing or
similar cooperative learning strategies have been limited to single-cycle or short-duration
implementations (Kamarudin & Mat Noor, 2024; Ng & Lo, 2022). By contrast, this study
demonstrates the cumulative benefits of iterative instructional refinement, showing how
successive adjustments in scaffolding and instruction produce progressively stronger outcomes in
student mastery and participation. This cycle-by-cycle evidence offers a richer understanding of
the dynamics of pedagogical improvement, providing a model for teachers and researchers
interested in sustainable classroom change.

Theoretical and Practical Implications

From a theoretical perspective, the findings reinforce social constructivist learning theory,
which emphasizes that knowledge is co-constructed through interaction, dialogue, and negotiation
of meaning (Gillies, 2023). By engaging students in collaborative questioning and peer-mediated
feedback, Snowball Throwing creates conditions where learners actively articulate, challenge, and
refine their ideas processes central to conceptual change in science. Moreover, the results
substantiate principles of visible learning (Panadero & Lipnevich, 2022), particularly the value of
frequent checks for understanding, formative assessment, and feedback loops that make learning
visible to both teachers and students.

From a practical perspective, the study highlights the potential of Snowball Throwing as a
low-cost, scalable, and context-sensitive strategy for enhancing science learning in primary schools.
Unlike technology-intensive or resource-heavy interventions, this cooperative method requires
only paper and classroom organization, making it accessible to schools in resource-constrained
environments. Its playful and interactive design aligns with evidence that younger learners benefit
from game-like structures and collaborative engagement to sustain attention and motivation.
Teachers in this study observed not only improved test scores but also greater willingness among
students to participate, pose questions, and engage in peer dialogue skills that are vital for twenty-
first-century competencies such as critical thinking, communication, and collaboration.

In addition, the iterative CAR framework underscores the importance of reflective teaching
practice, where educators systematically analyze outcomes, adjust instruction, and re-implement
refined strategies in subsequent cycles. This recursive process contributes to a culture of
continuous professional learning and instructional improvement (Mertler, 2021). By linking
instructional refinements to measurable gains in student outcomes, the study illustrates how
teacher-led inquiry can serve as a driver of educational quality, particularly in underrepresented
contexts such as Islamic elementary schools.

Limitations and Directions for Future Research

Several limitations should be noted. The study involved only one class with 33 students,
which constrains the generalizability of the findings. The analysis relied primarily on descriptive
statistics, limiting the ability to make broader statistical inferences. Additionally, qualitative data
such as student interviews were not collected, which could have provided richer insights into
learner experiences. Finally, the study was limited to one science topic, leaving its applicability
across other subject areas and grade levels untested. Future research should adopt mixed-methods
designs, include larger and more diverse samples, and explore the implementation of Snowball
Throwing across different science domains and educational settings. Such extensions would
strengthen the external validity and practical relevance of the strategy.
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CONCLUSION

This study demonstrated that the Snowball Throwing strategy, when implemented through
iterative classroom action research cycles, significantly improved primary students’ science learning
outcomes on the topic of Earth’s appearance and celestial bodies, raising mastery levels from 51.51% in
the first cycle to 87.87% in the third cycle and surpassing the classical completeness benchmark. The
findings contribute to the growing body of evidence on the effectiveness of active and cooperative
learning by highlighting the strategy’s applicability to abstract science content and within the
underrepresented context of Islamic elementary schools, thus offering both theoretical insights into
social constructivist pedagogy and practical guidance for teachers seeking to foster participatory
learning environments. Beyond its immediate classroom impact, the study underscores the importance
of reflective and iterative teaching practices for achieving sustainable instructional improvement.
Nevertheless, the research was limited by its small sample size, reliance on descriptive analysis, and
focus on a single topic, suggesting that future studies should involve larger, more diverse cohorts,
employ mixed-methods approaches, and explore broader subject areas to further validate and extend
the applicability of the Snowball Throwing strategy in enhancing science education.
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