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 Background: Mathematical problem solving remains challenging in primary 
classrooms, and GASING (Gampang, Asyik, dan Menyenangkan) combines concrete 
activities with enjoyable instruction.  
Aims: This study described changes in Grade V students' problem-solving scores 
following GASING lessons and explored participants' accounts of the learning 
experience.  
Methods: A sequential explanatory mixed-methods study combined a single-group 
pretest-posttest assessment of 20 students with interviews involving four students 
and two teachers. The intervention consisted of six 80-minute lessons over three 
weeks.  
Results: Mean scores increased from 44.00 (SD = 6.81) to 86.00 (SD = 7.54), a 
42.00-point difference. The reported paired test was t(19) = -19.741, p < .001; a 
sign test based on the non-overlapping score ranges also yielded p < .001. The class-
level normalized gain computed from the reported means was 0.750. Four reported 
qualitative themes concerned enjoyment, concrete representation, playful 
participation, and teacher facilitation.  
Conclusion: The results indicate a marked within-class improvement after 
instruction, but the absence of a comparison group, potential assessment-form 
differences, and incomplete qualitative source records preclude a causal claim. 
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INTRODUCTION 

Mathematical problem solving involves interpreting a task, selecting and evaluating strategies, 
and communicating a defensible solution. Contemporary reviews show that the difficulty of a word 
problem depends not only on computation but also on its linguistic structure, number of operations, 
and relationship to realistic situations (Vessonen et al., 2024; Wisenöcker et al., 2024). Studies of 
students’ mathematical reasoning further distinguish independent reasoning from the imitation of 
procedures, highlighting the instructional importance of eliciting and supporting learners’ own 
approaches (Säfström et al., 2024; Säfström et al., 2026). This perspective is relevant to elementary 
education, where students must connect developing numerical knowledge with problem 
interpretation. 

Affective experiences shape whether children approach or avoid mathematical tasks. A meta-
analysis identified a negative association between mathematics anxiety and achievement across 
educational levels (Barroso et al., 2021), while primary-school evidence links anxiety and test-
related worry with performance and academic self-beliefs (Robson et al., 2023; Möhring et al., 2024). 
Classroom anxiety is also connected to students’ appraisals of control and value (Putwain & Wood, 
2023). Research in primary education suggests that self-efficacy and motivational engagement are 
related, although association does not establish direction or causality (Hidayatullah et al., 2024; 
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Guntur & Purnomo, 2026; Živković et al., 2023). Consequently, a lesson design intended to improve 
problem solving should attend to affective conditions without presuming that enjoyment 
automatically translates into higher achievement. 

Concrete representations may help students make sense of operations before working with 
formal symbols. A meta-analytic review of the concrete–representational–abstract approach 
describes how students can move from physical resources to visual and symbolic representations 
(Ebner et al., 2025). Classroom studies of structured arrays and multiplication emphasize that 
manipulatives and images are useful when learners notice mathematical relationships rather than 
merely handle objects (Bajwa et al., 2023; Bruno et al., 2024). Evidence from tangible-interface and 
virtual-manipulative instruction also suggests possible benefits, but the affordances of particular 
tasks and materials are not interchangeable (Zito et al., 2021; Stigberg et al., 2024; Siller & Ahmad, 
2024). Recent reviews caution that representational pictures do not improve every type of word 
problem and that effects depend on task characteristics (Vessonen et al., 2026). 

Game-based and participatory teaching introduces another potentially relevant mechanism: 
students may become more willing to attempt strategies, discuss errors, and sustain effort. 
Mathematics research reports variable benefits of games and gamification, with results depending 
on the learning outcome, design, and comparison condition (Alt, 2023; Anggoro et al., 2025; Cai et al., 
2025). Two recent second-order syntheses similarly caution against treating positive averages as 
evidence that any game design will work in any classroom (Bozkuş et al., 2026; Yao, 2026). 
Experimental studies of competition structures and meta-analyses of digital games reinforce the 
need to distinguish cooperation, competition, and task-specific practice (Chen et al., 2026; 
Kusumawardani & Widhanarto, 2026). Evidence on teacher preparation is important because 
productive struggle requires responsive prompts rather than either immediate explanation or 
unsupported discovery (Stewart & Ball, 2023; Göçer & Özeren, 2025). 

The GASING approach—Gampang, Asyik, dan Menyenangkan, often translated as easy, 
enjoyable, and fun—was developed in Indonesia as a sequence of accessible, concrete, and engaging 
mathematical learning experiences (Surya, 2013). The present manuscript describes a six-session 
classroom unit combining physical objects, familiar situations, and collaborative practice. These 
elements are consistent with broader research on representation and engagement, but similarity to 
a pedagogical theory is not evidence that a particular method causes learning gains. The proposed 
explanatory contribution is therefore narrower and testable: documenting score changes in one 
classroom and examining how participating students and teachers described those lessons. 

A gap remains between describing a within-group achievement change and understanding 
what participants believe contributed to it. Sequential explanatory mixed-methods designs can 
connect quantitative patterns to later qualitative accounts, especially when the integration is explicit 
rather than a juxtaposition of two datasets (Fetters & Tajima, 2022; Reeping & Edwards, 2022; 
Creamer, 2023). Researchers have argued that joint displays can support transparent, theory-
informed interpretation, while the overall quality of the inference still depends on the quality of each 
underlying strand (Peters & Fàbregues, 2024; Jackson-Gordon & Plano Clark, 2024). These 
considerations frame the present study as exploratory and descriptive rather than a controlled test 
of instructional effectiveness. 

This study addresses three questions: (1) how did observed mathematical problem-solving 
scores change from pretest to posttest after six GASING sessions; (2) what is the size of the class-level 
normalized gain calculated from the reported aggregate scores; and (3) how did participating 
students and teachers describe the learning experiences that accompanied these changes? By 
separating statistical association from causal attribution, the study seeks to provide a cautious 
account of a local classroom intervention and specific directions for stronger future testing. 

METHOD 

Research Design 

The project used a sequential explanatory mixed-methods framework, with quantitative score 
summaries examined first and qualitative interviews used to contextualize those summaries. The 
quantitative component was a single-group pretest–posttest pre-experiment. Because the same 
classroom received the intervention and there was no concurrent comparison group, the design 
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cannot separate the GASING lessons from maturation, repeated testing, changes in assessment 
format, or other time-related influences. The qualitative component focused on participants’ 
reported experiences rather than on measuring a psychological mediator. The three analytic stages 
are displayed in Figure 1. 

 
Figure 1. Sequential explanatory study logic (black-and-white reconstruction) 

Figure 1 presents the sequence from the classroom assessment to interviews and integrative 
interpretation. The quantitative strand includes one group of 20 students with measurements before 
and after six lessons. The qualitative strand includes four students and two teachers interviewed 
after the intervention. The final stage compares the numeric pattern with themes described in the 
manuscript. The schematic does not imply that interviewing participants establishes a causal 
mechanism. 

Setting and Participants 

The manuscript identifies one Grade V classroom at SD Negeri Nerong, Southeast Maluku, 
Indonesia, during the second semester of the 2023/2024 academic year. The quantitative sample 
comprised all 20 students in the classroom, evenly divided by sex (10 girls and 10 boys), aged 
approximately 10–11 years. Four students were purposively selected for interview to capture 
differing baseline score profiles, and two teachers participated: the teacher delivering the lessons 
and a homeroom teacher observing the instruction. Student and teacher accounts represent a small, 
context-specific subsample and should not be treated as a prevalence estimate or a statistically 
representative survey. The original manuscript provides participant codes S1–S4 and T1–T2, which 
are retained in this revision. 

Intervention and Measures 

The intervention consisted of six GASING learning sessions, each lasting approximately 80 
minutes, delivered across three weeks. Described activities involved physical manipulatives, 
problem contexts related to everyday transactions and farming, collaborative discussions, and 
games. The available manuscript does not contain sufficient session-level observations or fidelity 
records to quantify actual exposure to each component. The assessment was a 10-item constructed-
response mathematical problem-solving test informed by Polya’s four phases: understanding, 
planning, carrying out, and reviewing (Polya, 1957). The scoring rubric, evidence of instrument 
reliability, and full item-level results were not supplied, so this analysis is limited to reported total 
scores and cannot establish separate improvement in each Polya indicator. The evidence streams and 
their appropriate interpretive scope are summarized in Table 1. 

Table 1. Evidence Sources and Permissible Inferences 
Evidence source Participants/time Information available Interpretive boundary 

Pretest assessment 
20 Grade V students, 

before lessons 
Aggregate mean, SD and 

range 
Baseline classroom 
performance only 

GASING lessons 
One class, six 80-minute 

meetings 
Described use of objects, 

stories and games 
Intervention exposure not 
independently measured 

Posttest assessment 
Same 20 students, after 

lessons 
Aggregate mean, SD and 

range 
Within-class change; not a 

causal effect 

Student interviews 
Four purposively selected 

students 
Manuscript-preserved 

English excerpts 
Participants’ reported 

experiences 

Teacher interviews Two classroom teachers 
Manuscript-preserved 

English excerpts 
Practitioner observations 

and interpretations 

Table 1 differentiates measurements, instructional exposure, and retrospective accounts. The 
achievement summaries describe the entire classroom rather than a comparison between 
randomized groups. The qualitative accounts come from six purposively selected participants. 
Neither the instructional descriptions nor the interviews provide independent evidence that a 
particular lesson component caused the score change. This distinction establishes the limits applied 
throughout the analysis. 
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Qualitative Interview Guide and Source Handling 

The original manuscript describes Indonesian-language semi-structured interviews conducted 
after the posttest, with student conversations lasting approximately 25–40 minutes and teacher 
interviews approximately 38–52 minutes. The protocol explored previous experiences, concrete 
materials, confidence, group participation, everyday contexts, observed reasoning, and teacher roles. 
Table 2 condenses the seven areas in the source interview guides without introducing additional 
interview questions. The source manuscript states that original recordings and standalone 
Indonesian transcripts are no longer available; accordingly, this revision treats preserved English 
quotations as unattributed-to-audio manuscript excerpts and does not assert independent transcript 
verification, recoding, or reliability statistics. This limitation is substantive rather than editorial and 
is taken into account in interpreting the themes (Braun & Clarke, 2022, 2024). The seven interview 
domains, with examples of the corresponding prompts, are shown in Table 2. 

Table 2. Condensed Semi-Structured Interview Domains 
Domain Student prompt Teacher prompt 

Previous instruction 
How did you feel about earlier 

mathematics lessons? 
How was problem solving usually 

taught? 

First encounter / implementation 
What felt different when objects and 

stories were introduced? 
How were materials and activities 

organized? 

Concrete problem solving 
How did the objects help you 

understand a task? 
How did students respond to 

representation? 

Reasoning processes 
What steps did you take to solve the 

problem? 
Were changes noticed in 

understanding or planning? 

Affect and motivation 
Did your confidence or enjoyment 

change? 
What engagement-related changes 

were observed? 

Collaboration and teaching role 
How did classmates support your 

thinking? 
How did the teacher’s role change? 

Everyday transfer / reflection 
Did familiar contexts help, and what 

should change? 
What conditions would support 

future use? 

Table 2 condenses parallel topics from the student and teacher protocols. The domains cover 
prior experience, problem representation, reasoning, affect, and instructional roles. Student 
questions focus primarily on personal perceptions and examples. Teacher questions invite 
observations and interpretations of classroom processes. These prompts support exploratory 
explanation but cannot independently identify which component produced the numerical changes. 

Quantitative Analysis and Integration 

Descriptive analysis used the reported pretest and posttest means, standard deviations, and 
ranges. The source manuscript reports a paired-samples t statistic of t(19) = -19.741 based on pretest 
minus posttest, with a difference standard deviation of 9.515. Because the reported Shapiro–Wilk 
result for paired differences is W = 0.876, p = .015, the normality assumption is not met at the .05 
level; therefore, the t test is reported with caution and complemented by an exact two-sided sign test. 
The reported score ranges do not overlap (maximum pretest = 60; minimum posttest = 80), so every 
student’s posttest must exceed that student’s pretest, permitting an exact sign-test calculation from 
the summary alone (20 positive differences; two-sided p = 2/2^20 = .00000191). No unobserved 
individual score, Wilcoxon statistic, or uncertainty interval was generated. 

The class-level normalized gain was calculated from aggregate means as (86.00 − 44.00)/(100 
− 44.00) = .750, taking 100 as the reported maximum possible score. This is distinct from the mean 
of 20 individually normalized gains; the two quantities should not be interchanged without original 
paired observations (Hake, 1998). The interview material was organized under four themes already 
identified in the source manuscript; fresh coding, theme validation, and inter-rater agreement could 
not be audited without original records. Integration used a joint display that explicitly distinguished 
directly observed score patterns from possible participant interpretations (Creamer, 2023; Peters & 
Fàbregues, 2024). 
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RESULTS AND DISCUSSION 

Results 
Pretest–Posttest Score Pattern 

The reported descriptive statistics show a large increase in the classroom mean over the six-
session period. The initial mean was 44.00, whereas the post-instruction mean was 86.00, producing 
an increase of 42.00 score points. As shown in Table 3, the entire posttest range lies above the entire 
pretest range. Such a separation documents within-group improvement but does not indicate how 
much of that improvement would have occurred in the absence of GASING. The reported score 
summaries are compared in Table 3. 

Table 3. Descriptive Pretest and Posttest Statistics (N = 20) 
Measure N Minimum Maximum Mean SD 

Pretest 20 30 60 44.00 6.81 
Posttest 20 80 100 86.00 7.54 

Posttest − pretest 20 — — +42.00 — 

Table 3 shows that the mean score increased by 42 points after the classroom instruction. The 
standard deviations indicate dispersion around each time point’s mean. The pretest and posttest 
ranges do not overlap. Therefore, every student’s posttest score must exceed their pretest score even 
though the paired raw scores are unavailable. These descriptive statistics cannot rule out testing or 
instrument-form effects. A graphic restricted to these reported class summaries is presented in 
Figure 2. 

 
Figure 2. Reported pretest and posttest mean scores, with ±1 SD error bars (N = 20) 

Figure 2 shows the reported increase from 44.00 to 86.00 on a 0–100 scoring scale. The vertical 
whiskers correspond to the separately reported standard deviations of 6.81 and 7.54. They are not 
confidence intervals or the standard deviation of paired change scores. The plot contains no 
synthesized student trajectories or reconstructed individual observations. Visual separation is 
descriptive evidence of score change, not proof of an intervention-specific effect. 

Assumption Checks and Paired Inference 

For inferential context, the source document reports a paired t statistic of −19.741 with 19 
degrees of freedom and p < .001, consistent with the direction of the reported means. The reported 
Shapiro–Wilk test of paired differences has p = .015, which argues against a normality assumption 
for these differences. To avoid reliance on that assumption, the exact sign test assesses whether the 
direction of within-student change is balanced: all 20 changes are positive because the posttest 
minimum exceeds the pretest maximum, giving p ≈ .00000191. Neither the t test nor the sign test 
resolves the lack of a comparison condition, and neither should be interpreted as establishing 
causality. The associated statistics and their distinct roles are summarized in Table 4. Table 4 reports 
the inferential and gain calculations that can be supported by the manuscript summary. 
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Table 4. Reported and Recomputed Quantitative Results 
Analysis Value Interpretation 

Paired t test (reported) t(19) = −19.741; p < .001 
Evidence of within-group score 

change; normality caveat 
Shapiro–Wilk, paired differences 

(reported) 
W = 0.876; p = .015 Normality not supported at α = .05 

Exact sign test (recomputed) 
20 positive / 0 negative; p = 

.00000191 
Change direction unlikely under a 

50:50 null 
Class-level normalized gain 

(recomputed) 
g = (86 − 44)/(100 − 44) = .750 High gain under the stated Hake rule 

Table 4 distinguishes statistics transcribed from the source from calculations derived solely 
from published summary values. The reported Shapiro–Wilk result raises an assumption concern for 
the paired t test. The sign test evaluates the direction of change without requiring the normality of 
score differences. The normalized gain of .750 is a ratio of class means rather than an average of 
individual gain ratios. No statistic in this table isolates the treatment effect from other explanations 
for change. 

Qualitative Themes 

The manuscript reports four recurring themes in posttest interviews: a shift toward 
enjoyment, concrete representation as a support for understanding, active participation through 
games and group work, and the teacher’s facilitative role. Because original Indonesian audio and 
standalone transcripts are unavailable, the summaries below are interpretations of excerpts 
preserved in the supplied manuscript, not newly validated findings. Table 5 includes short quotations 
already present in that source, with participant identities retained as codes. Reported accounts 
should be understood as perceptions that may illuminate, but cannot establish, processes linked to 
achievement. Representative excerpts and the limits of interpretation are summarized in Table 5. 

Table 5. Reported Interview Themes and Representative Excerpts 

Reported theme 
Illustrative excerpt from 

manuscript 
Conservative interpretation 

Enjoyment and reduced fear 
S2: “I actually wanted to try to solve 

the problem.” 
A student described greater 

willingness to attempt a task. 

Concrete representation 
S3: “I could see with my own eyes 

that 6 groups of 7 made 42.” 
An object-based example reportedly 

made multiplication visible. 

Play and participation S1: “The games.” 
The student identified games when 

asked about motivation. 

Teacher as facilitator 
T1: “I am watching, listening, asking 

questions to provoke thinking.” 
A teacher described a more 

facilitative instructional stance. 

Table 5 contains the four theme labels already reported in the original paper. Each quotation 
is taken from the supplied English-language manuscript rather than reconstructed from audio. The 
excerpts provide examples of how participants narrated instructional experiences. They do not 
measure mathematics anxiety, intrinsic motivation, or teaching quality with validated instruments. 
The absence of original recordings and transcripts limits independent confirmation of these 
interpretations. 

Joint Interpretation of Quantitative and Qualitative Evidence 

The explanatory connection between the two strands is conceptual rather than a statistically 
tested mediation model. The score pattern can be linked to student and teacher narratives about 
easier task entry, manipulatives, and collaborative effort, but these links remain alternative 
explanations offered by participants. The most consequential design concern is that a teacher 
interview describes the pretest as abstract numeric items and the posttest as story-context items; if 
those forms differed systematically, part of the observed change may reflect differences in task 
accessibility rather than learning alone. Table 6 therefore includes plausible threats and the type of 
evidence needed to distinguish them. Table 6 connects the numerical results with participants’ 
accounts while preserving rival interpretations. 
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Table 6. Joint Display of Findings, Accounts, and Alternative Explanations 

Quantitative observation Reported qualitative account 
Integrated interpretation and 

caution 

Mean increased 44 → 86 
Students describe familiar stories 

and objects 

Representation may aid task entry; 
alternate forms may also differ in 

difficulty. 

All posttest scores ≥ 80; all pretest 
scores ≤ 60 

Students describe willingness to 
attempt problems 

Willingness may support 
engagement; repeated testing and 

teaching time remain possible 
influences. 

Class-level gain = .750 
Teacher describes guiding rather 

than immediately explaining 

Facilitation is a proposed 
instructional process, not a measured 

causal mediator. 

Sign test p < .001 
Interview themes describe positive 

experiences 

Quantitative change and positive 
accounts are congruent but do not 
independently verify one another. 

Table 6 brings score evidence and narrative interpretations into a single display. The first two 
rows indicate possible roles for representations and engagement in classroom learning. The third 
row distinguishes an instructional hypothesis from a measured mediator. The final row shows that 
statistically detectable change is compatible with participants’ positive accounts. None of the rows 
excludes competing explanations such as easier posttest wording, practice effects, or 
contemporaneous instruction. 

Discussion 

Interpretation of the Quantitative Improvement 

The central quantitative finding is a marked increase in scores after six GASING lessons, with a 
class-level normalized gain of .750. This is a descriptive within-class improvement, not an 
experimentally identified effect attributable to GASING. The strong paired contrast should be read 
alongside three limitations: a single group of 20 learners, absent instrument validation and paired 
raw scores, and evidence that test forms may have differed in contextual framing. These 
qualifications matter because Vessonen et al. (2024) found that word-problem characteristics are 
associated with performance, while Wisenöcker et al. (2024) demonstrated the significance of how 
real-life considerations are incorporated into tasks. If a pretest emphasizes decontextualized 
calculations and a posttest emphasizes familiar stories, measured performance may change for 
assessment-related reasons even when both forms address nominally similar mathematics. 

It is nevertheless plausible that students benefited from linking visible groupings with 
multiplication structures, as reported in the interviews. Bajwa et al. (2023) showed how attention to 
arrays can support multiplicative ideas, while Bruno et al. (2024) illustrated the significance of 
conceptual modeling for problem-solving strategies. Siller and Ahmad (2024) and Zito et al. (2021) 
further highlight the promise and limits of physical and digital manipulatives in primary instruction. 
Ebner et al. (2025) provide a broader quantitative synthesis of concrete–representational–abstract 
interventions, but their review does not validate the specific effect size observed here. The present 
study thus agrees with a wider pedagogical rationale for concrete-to-symbolic activity without 
producing a controlled estimate of the GASING method’s independent contribution. 

Affective and Motivational Interpretations 

Participants’ reported movement from apprehension to greater willingness to try is 
conceptually consistent with research connecting anxiety, confidence, and mathematical 
performance (Barroso et al., 2021; Robson et al., 2023; Möhring et al., 2024). Evidence from 
Fishstrom et al. (2022), however, warns that improvements in academic achievement do not 
necessarily imply accompanying reductions in anxiety. A small intervention study combining 
mathematics instruction and relaxation further illustrates why achievement and anxiety should be 
examined as separate outcomes (Scheman et al., 2026). In the present study, no validated pretest and 
posttest measure of anxiety was collected, so the qualitative theme should remain a perception-based 
account rather than be written as evidence of measured emotional change. Živković et al. (2023), 
Hidayatullah et al. (2024), and Guntur and Purnomo (2026) offer related findings about self-efficacy 
and motivation in elementary mathematics, but their correlations should not be used to assert a 
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mechanism in the current sample. More direct future measurement could test whether affective 
variables mediate or merely accompany score gains. 

The role of games also deserves careful qualification. Alt (2023) documented how different 
mathematics gamification activities relate to learners’ experiences, and Anggoro et al. (2025) found 
heterogeneous effects of game-based learning on higher-order mathematics outcomes. Cai et al. 
(2025) synthesized problem-solving outcomes across digital game interventions, while Chen et al. 
(2026) examined the design of competition mechanisms among primary learners. Reviews by 
Bozkuş et al. (2026), Yao (2026), and Ratinho et al. (2026) indicate that game effects depend on 
design features, age group, outcomes, and methodological quality; their conclusions cannot be 
directly transferred to six largely non-digital GASING lessons. Thus, the reported play theme 
identifies a candidate condition for engagement, not a demonstrated explanation of the 42-point 
increase. 

Teacher Facilitation and Instructional Conditions 

A teacher’s reported change from explaining procedures to observing and questioning 
students is compatible with scholarship on maintaining productive struggle. Stewart and Ball (2023) 
found that primary teachers encounter tension between supporting students and preserving their 
responsibility for reasoning. Säfström et al. (2024, 2026) show the value of diagnosing a learner’s 
difficulty and matching feedback to the specific reasoning stage. Göçer and Özeren (2025) also situate 
mathematics teaching beliefs alongside anxiety and curiosity. In the present manuscript, however, 
there are no structured classroom observations or validated teacher practice measures to establish 
how consistently facilitative behavior occurred; the interview theme is therefore best framed as a 
teacher-reported shift. 

Methodological Contribution and Transferability 

The useful contribution of the mixed-methods design is the juxtaposition of a strong 
descriptive score change and participants’ descriptions of learning conditions. This is the kind of 
inferential transparency encouraged by Reeping and Edwards (2022), Fetters and Tajima (2022), 
Creamer (2023), and Peters and Fàbregues (2024). Jackson-Gordon and Plano Clark (2024) further 
emphasize connecting stages of explanatory sequential designs, rather than treating interview data 
as a post hoc confirmation of treatment effects. Because original source interviews cannot be audited, 
the qualitative strand is less transparent than desirable under contemporary guidance on thematic-
analysis congruence (Braun & Clarke, 2022, 2024). Thus, this paper offers preliminary triangulation 
of reported experiences and score patterns, not independently verified evidence about a 
generalizable mechanism. 

Generalization is also limited by the classroom scale, institutional setting, and short 
intervention duration. Reviews of word-problem representations (Vessonen et al., 2026) and 
interventions targeting mathematical problem posing (Zhang et al., 2024) both indicate that task-
specific outcomes matter when comparing instructional approaches. Studies involving fifth graders 
and concrete materials (Siller & Ahmad, 2024), digital game instruction (Kusumawardani & 
Widhanarto, 2026), and teacher-designed mathematical tools (Stigberg et al., 2024) suggest avenues 
for comparison, but none serves as a missing control condition in this study. The design therefore 
warrants carefully scoped conclusions and prospective replication rather than universal claims 
about curriculum reform. 

Implications, Limitations, and Future Work 
For classroom practice, the described sequence—familiar contexts, manipulatives, discussion, 

and guided movement toward abstract reasoning—provides an actionable lesson-design hypothesis. 
Teachers may examine whether tasks make mathematical structures visible, whether games permit 
productive mistakes, and whether prompts sustain student reasoning; these are recommendations 
informed jointly by the source narratives and contemporary literature, not established effects of the 
intervention. Future studies should preregister a comparison-group design, match pretest and 
posttest items on structure and difficulty, document scoring reliability, provide independent 
assessment, and retain anonymized paired scores. Student engagement and mathematics anxiety 
should be measured with appropriate instruments alongside lesson observations. Prospective 
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interviews should preserve consent-compliant audio, original-language transcripts, translation 
decisions, coding notes, and an explicit audit trail. 

CONCLUSION 
This single-class sequential explanatory mixed-methods study reported an increase in 

mathematical problem-solving scores from 44.00 (SD = 6.81) to 86.00 (SD = 7.54) after six GASING 
sessions. The class-level normalized gain computed from these means was .750, and every posttest 
score exceeded the entire pretest range. The reported paired t statistic and a summary-derived exact 
sign test both indicated a within-group score difference, although the reported normality assumption 
for the t test was not met. Student and teacher accounts preserved in the source manuscript 
described enjoyment, concrete representation, playful collaboration, and a facilitative teaching 
stance. Taken together, the evidence documents promising classroom change and participant 
perceptions, but it does not establish that GASING alone caused the gains or that the proposed 
cognitive and affective mechanisms were measured. Replication with equivalent test forms, a 
comparison group, validated measures, and accessible qualitative source records is needed before 
stronger effectiveness claims are warranted. 

AUTHOR CONTRIBUTIONS STATEMENT 
Arnacikalati: contributed to the implementation of the GASING method, interpretation of 

research findings, and preparation of the manuscript. H. Dede Margo Irianto: contributed to refining 
the research design, evaluating methodological consistency, and critically reviewing the manuscript. 
Ai Sutini: contributed to the development and evaluation of research instruments, interpretation of 
quantitative and qualitative findings, and refinement of the manuscript. Yohanes Surya: contributed 
to the conceptual interpretation of the GASING instructional approach, its pedagogical 
implementation, and the theoretical discussion of the findings. Mai Rosalli Matondang: contributed 
to organizing research data, integrating quantitative and qualitative findings, preparing tables and 
figures, and reviewing the manuscript. 

REFERENCES 
Alt, D. (2023). Assessing the benefits of gamification in mathematics for student gameful experience 

and gaming motivation. Computers & Education, 200, 104806. 
https://doi.org/10.1016/j.compedu.2023.104806 

Anggoro, B. S., Dewantara, A. H., Suherman, S., Muhammad, R. R., & Saraswati, S. (2025). Effect of 
game-based learning on students’ mathematics high order thinking skills: A meta-analysis. 
Revista de Psicodidáctica, 30(1), 500158. https://doi.org/10.1016/j.psicoe.2024.500158 

Bajwa, N. P., Tobias, J. M., & Lawton, C. (2023). Children’s conceptions on the structure of an array: 
Using quick images as a gateway to multiplicative ideas. The Journal of Mathematical Behavior, 
69, 101049. https://doi.org/10.1016/j.jmathb.2023.101049 

Barroso, C., Ganley, C. M., McGraw, A. L., Geer, E. A., Hart, S. A., & Daucourt, M. C. (2021). A meta-
analysis of the relation between math anxiety and math achievement. Psychological Bulletin, 
147(2), 134–168. https://doi.org/10.1037/bul0000307 

Bozkuş, F., Kaya, M., & Arslan, Z. (2026). Effects of game-based learning on student outcomes in 
mathematics education: A second-order meta-analysis. Educational Research Review, 52, 
100816. https://doi.org/10.1016/j.edurev.2026.100816 

Braun, V., & Clarke, V. (2022). Toward good practice in thematic analysis: Avoiding common 
problems and be(com)ing a knowing researcher. International Journal of Transgender Health, 
24(1), 1–6. https://doi.org/10.1080/26895269.2022.2129597 

Braun, V., & Clarke, V. (2024). A critical review of the reporting of reflexive thematic analysis in Health 
Promotion International. Health Promotion International, 39(3), daae049. 
https://doi.org/10.1093/heapro/daae049 

Bruno, A., Polo-Blanco, I., Van Vaerenbergh, S., Fernández-Cobos, R., & González-López, M. J. (2024). 
Strategies for solving multiplicative problems using a conceptual model-based problem-
solving approach: A case study with a student with autism spectrum disorder. ZDM–
Mathematics Education, 56, 1239–1256. https://doi.org/10.1007/s11858-024-01568-w 

https://doi.org/10.1016/j.compedu.2023.104806
https://doi.org/10.1016/j.psicoe.2024.500158
https://doi.org/10.1016/j.jmathb.2023.101049
https://doi.org/10.1037/bul0000307
https://doi.org/10.1016/j.edurev.2026.100816
https://doi.org/10.1080/26895269.2022.2129597
https://doi.org/10.1093/heapro/daae049
https://doi.org/10.1007/s11858-024-01568-w


 Journal of Advanced Sciences and Mathematics Education 

Arnacikalati et al  │ The Effect of the GASING Method on Mathematical … 

 Journal of Advanced Sciences and Mathematics Education | 139 

Cai, Z., Zhang, X., Liu, C., & Zhan, J. (2025). Effects of digital game-based learning on student’s problem-
solving ability: A three-level meta-analysis. Journal of Computer Assisted Learning, 41(2), 
e70002. https://doi.org/10.1111/jcal.70002 

Chen, Z., Huang, Q., Zheng, B., Mu, M., Zhao, Y., Li, Y., & Zhou, D. (2026). The impact of competition 
mechanisms on primary school students’ digital game-based mathematics learning. Acta 
Psychologica, 267, 107175. https://doi.org/10.1016/j.actpsy.2026.107175 

Creamer, E. G. (2023). Building theoretical insight through joint displays in mixed methods research. 
School Psychology, 38(6), 399–409. https://doi.org/10.1037/spq0000574 

Ebner, S., MacDonald, M. K., Grekov, P., & Aspiranti, K. B. (2025). A meta-analytic review of the 
concrete-representational-abstract math approach. Learning Disabilities Research & Practice, 
40(1). https://doi.org/10.1177/09388982241292299 

Fetters, M. D., & Tajima, C. (2022). Joint displays of integrated data collection in mixed methods 
research. International Journal of Qualitative Methods, 21, 1–13. 
https://doi.org/10.1177/16094069221104564 

Fishstrom, S., Wang, H.-H., Bhat, B. H., Daniel, J., Dille, J., Capin, P., & Vaughn, S. (2022). A meta-analysis 
of the effects of academic interventions on academic achievement and academic anxiety 
outcomes in elementary school children. Journal of School Psychology, 92, 265–284. 
https://doi.org/10.1016/j.jsp.2022.03.011 

Göçer, V., & Özeren, E. (2025). Exploring the effects of curiosity and anxiety on mathematics teaching 
efficacy beliefs in primary school teachers. BMC Psychology, 13, Article 665. 
https://doi.org/10.1186/s40359-025-02940-5 

Guntur, M., & Purnomo, Y. W. (2026). Unravelling the interplay of self-efficacy, self-regulation, 
metacognition in alleviating math anxiety among primary school student: A conditional 
process analysis. Education 3-13, 54(5), 1088–1104. 
https://doi.org/10.1080/03004279.2024.2396096 

Hake, R. R. (1998). Interactive-engagement versus traditional methods: A six-thousand-student 
survey of mechanics test data for introductory physics courses. American Journal of Physics, 
66(1), 64–74. https://doi.org/10.1119/1.18809 

Hidayatullah, A., Abidin, R., & Muqit, A. (2024). Motivation and behavioral engagement: The 
mediating role of mathematics self-efficacy in primary education. Journal on Efficiency and 
Responsibility in Education and Science, 17(3). https://doi.org/10.7160/eriesj.2024.170306 

Jackson-Gordon, R., & Plano Clark, V. L. (2024). Using a joint display for building integration in a 
sequential study: Informing data collection for a participatory second phase. Journal of Mixed 
Methods Research, 18(2). https://doi.org/10.1177/15586898231179848 

Kusumawardani, S., & Widhanarto, G. P. (2026). Effectiveness of DGBL in elementary mathematics: A 
meta-analysis of simulation-based games and year group appropriateness. Journal of Computer 
Assisted Learning, 42(4), e70295. https://doi.org/10.1002/jcal.70295 

Möhring, W., Moll, L., & Szubielska, M. (2024). Mathematics anxiety and math achievement in primary 
school children: Testing different theoretical accounts. Journal of Experimental Child 
Psychology, 247, 106038. https://doi.org/10.1016/j.jecp.2024.106038 

Peters, M., & Fàbregues, S. (2024). Missed opportunities in mixed methods EdTech research? Visual 
joint display development as an analytical strategy for achieving integration in mixed methods 
studies. Educational Technology Research and Development, 72, 2477–2497. 
https://doi.org/10.1007/s11423-023-10234-z 

Polya, G. (1957). How to solve it: A new aspect of mathematical method (2nd ed.). Princeton University 
Press. 

Putwain, D. W., & Wood, P. (2023). Anxiety in the mathematics classroom: Reciprocal relations with 
control and value, and relations with subsequent achievement. ZDM–Mathematics Education, 
55, 285–298. https://doi.org/10.1007/s11858-022-01390-2 

Ratinho, E., Figueiredo, M., Estêvão, D., Faísca, L., & Martins, C. (2026). Gamification on mathematics 
engagement and motivation in secondary school and higher education: A systematic review 
and meta-analysis. Educational Psychology Review, 38, Article 16. 
https://doi.org/10.1007/s10648-025-10108-1 

https://doi.org/10.1111/jcal.70002
https://doi.org/10.1016/j.actpsy.2026.107175
https://doi.org/10.1037/spq0000574
https://doi.org/10.1177/09388982241292299
https://doi.org/10.1177/16094069221104564
https://doi.org/10.1016/j.jsp.2022.03.011
https://doi.org/10.1186/s40359-025-02940-5
https://doi.org/10.1080/03004279.2024.2396096
https://doi.org/10.1119/1.18809
https://doi.org/10.7160/eriesj.2024.170306
https://doi.org/10.1177/15586898231179848
https://doi.org/10.1002/jcal.70295
https://doi.org/10.1016/j.jecp.2024.106038
https://doi.org/10.1007/s11423-023-10234-z
https://doi.org/10.1007/s11858-022-01390-2
https://doi.org/10.1007/s10648-025-10108-1


 Journal of Advanced Sciences and Mathematics Education 

Arnacikalati et al  │ The Effect of the GASING Method on Mathematical … 

140 | Journal of Advanced Sciences and Mathematics Education 

Reeping, D., & Edwards, C. (2022). Integrating using a crossover analysis with formative joint displays 
in mixed methods research. Journal of Mixed Methods Research, 16(4), 458–477. 
https://doi.org/10.1177/15586898211047660 

Robson, D. A., Johnstone, S. J., Putwain, D. W., & Howard, S. (2023). Test anxiety in primary school 
children: A 20-year systematic review and meta-analysis. Journal of School Psychology, 98, 39–
60. https://doi.org/10.1016/j.jsp.2023.02.003 

Säfström, A. I., Lithner, J., Palm, T., Palmberg, B., Sidenvall, J., Andersson, C., Boström, E., & Granberg, 
C. (2024). Developing a diagnostic framework for primary and secondary students’ reasoning 
difficulties during mathematical problem solving. Educational Studies in Mathematics, 115, 
125–149. https://doi.org/10.1007/s10649-023-10278-1 

Säfström, A. I., Palmberg, B., Lithner, J., Andersson, C., Boström, E., Granberg, C., Palm, T., & Sidenvall, 
J. (2026). Developing a formative assessment framework for supporting students’ reasoning 
during problem solving. Educational Studies in Mathematics. https://doi.org/10.1007/s10649-
026-10556-8 

Scheman, N., Codding, R., Briesch, A., & Kuenzli, T. (2026). Examining the effectiveness of a combined 
math and relaxation intervention for students with math anxiety. Journal of Behavioral 
Education, 35, 1003–1023. https://doi.org/10.1007/s10864-025-09605-8 

Siller, H.-S., & Ahmad, S. (2024). The effect of concrete and virtual manipulative blended instruction 
on mathematical achievement for elementary school students. Canadian Journal of Science, 
Mathematics and Technology Education, 24, 229–266. https://doi.org/10.1007/s42330-024-
00336-y 

Stewart, E., & Ball, L. (2023). The tension between allowing student struggle and providing support 
when teaching problem-solving in primary school mathematics. Canadian Journal of Science, 
Mathematics and Technology Education, 23, 791–817. https://doi.org/10.1007/s42330-024-
00309-1 

Stigberg, H., Stigberg, S., & Maugesten, M. (2024). Introducing teacher students to digital fabrication 
to support children’s mathematical learning. International Journal of Child-Computer 
Interaction, 40, 100643. https://doi.org/10.1016/j.ijcci.2024.100643 

Surya, Y. (2013). Matematika itu mudah, asyik, dan menyenangkan: Metode GASING. PT Kandel. 
Vessonen, T., Dahlberg, M., Hellstrand, H., Widlund, A., Korhonen, J., Aunio, P., & Laine, A. (2024). Task 

characteristics associated with mathematical word problem-solving performance among 
elementary school-aged children: A systematic review and meta-analysis. Educational 
Psychology Review, 36, Article 117. https://doi.org/10.1007/s10648-024-09954-2 

Vessonen, T., Hellstrand, H., Aunio, P., & Laine, A. (2026). Pictures in mathematical word problems: A 
systematic review on the role of task and student characteristics. Educational Psychology 
Review, 38, Article 20. https://doi.org/10.1007/s10648-025-10112-5 

Wisenöcker, A. S., Binder, S., Holzer, M., Valentic, A., Wally, C., & Große, C. S. (2024). Mathematical 
problems in and out of school: The impact of considering mathematical operations and reality 
on real-life solutions. European Journal of Psychology of Education, 39, 767–783. 
https://doi.org/10.1007/s10212-023-00718-0 

Yao, D. (2026). The impact of gamified learning in mathematics education on students’ cognitive and 
affective outcomes: Insights from a second-order meta-analysis. British Educational Research 
Journal, 52(5), 3359–3388. https://doi.org/10.1002/berj.70144 

Zhang, L., Stylianides, G. J., & Stylianides, A. J. (2024). Enhancing mathematical problem posing 
competence: A meta-analysis of intervention studies. International Journal of STEM Education, 
11, Article 48. https://doi.org/10.1186/s40594-024-00507-1 

Zito, L., Cross, J. L., Brewer, B., Speer, S., Tasota, M., Hamner, E., Johnson, M., Lauwers, T., & 
Nourbakhsh, I. (2021). Leveraging tangible interfaces in primary school math: Pilot testing of 
the Owlet math program. International Journal of Child-Computer Interaction, 27, 100222. 
https://doi.org/10.1016/j.ijcci.2020.100222 

Živković, M., Pellizzoni, S., Doz, E., Cuder, A., Mammarella, I., & Passolunghi, M. C. (2023). Math self-
efficacy or anxiety? The role of emotional and motivational contribution in math performance. 
Social Psychology of Education, 26, 579–601. https://doi.org/10.1007/s11218-023-09760-8 

 

https://doi.org/10.1177/15586898211047660
https://doi.org/10.1016/j.jsp.2023.02.003
https://doi.org/10.1007/s10649-023-10278-1
https://doi.org/10.1007/s10649-026-10556-8
https://doi.org/10.1007/s10649-026-10556-8
https://doi.org/10.1007/s10864-025-09605-8
https://doi.org/10.1007/s42330-024-00336-y
https://doi.org/10.1007/s42330-024-00336-y
https://doi.org/10.1007/s42330-024-00309-1
https://doi.org/10.1007/s42330-024-00309-1
https://doi.org/10.1016/j.ijcci.2024.100643
https://doi.org/10.1007/s10648-024-09954-2
https://doi.org/10.1007/s10648-025-10112-5
https://doi.org/10.1007/s10212-023-00718-0
https://doi.org/10.1002/berj.70144
https://doi.org/10.1186/s40594-024-00507-1
https://doi.org/10.1016/j.ijcci.2020.100222
https://doi.org/10.1007/s11218-023-09760-8

