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ABSTRACT 

Mathematics becomes meaningful when children can explain, represent, and 
apply numerical relationships rather than merely reproduce procedures. Yet 
elementary instruction often remains teacher-centred, while previous GASING 
and game-based studies have commonly relied on small samples, single-school 
settings, digital media, or single pretest–posttest comparisons that cannot 
distinguish sustained change from ordinary fluctuation. This study examined an 
integrated model of pedagogical deep learning operationalised through GASING 
(Gampang, Asyik, dan Menyenangkan; Easy, Enjoyable, and Fun) and a physical 
mathematics card game to strengthen fourth-grade students’ multiplication 
problem-solving ability. A quantitative quasi-experimental interrupted time-
series design involved 132 students from six elementary schools in Banyuwangi 
Regency. Three pre-intervention and three post-intervention measurements were 
administered using a context-based problem-solving test, supported by 
implementation-fidelity observations. Data were analysed using descriptive 
statistics, segmented regression, paired and non-parametric comparisons, 
normalized gain, and Cohen’s d. Results revealed a stable baseline (M = 21.34–
23.95) followed by an immediate and sustained increase after the intervention (M 
= 74.54–81.52). Segmented regression identified a large level change (β₂ = 46.83, 
p < .001), while the overall normalized gain was high (g = 0.71), the effect size 
was very large (d = 2.93), and implementation fidelity reached 90.5%. 
Improvements occurred across all six schools. These findings show that 
structured physical play can deepen conceptual learning, mathematical discourse, 
collaboration, and reflection. The study offers an accessible, low-cost, and 
methodologically robust model for improving numeracy and advancing learner-
centred mathematics reform within and beyond the Merdeka Curriculum. 
 

1.  Introduction 

Mathematics becomes meaningful when children 

can interpret, represent, explain, and apply numerical 

relationships, not merely produce correct answers. 

Numeracy therefore extends beyond computation to 

understanding information, making decisions, and 

solving authentic problems (Díaz & Butter, 2021; 

Vizcaya & Velásquez, 2024). This view aligns with 

Alfabetización Matemática, which frames mathematics 

as meta-learning and empowerment (Coronata & 

Alsina, 2021; Hernández, 2022). Elementary 

mathematics should consequently develop problem-

solving, reasoning, proof, communication, connection, 

and representation (Beltrán–Pellicer & Alsina, 2022; 

Vásquez et al., 2021). Contextual tasks and modelling 

further strengthen numeracy by connecting abstract 

ideas with learners’ experiences (Coronata & Alsina, 

2021; Díaz & Butter, 2021). 

Numbers remain silent until learners can explain 

the relationships they represent. Numeracy is therefore 

mathematical discourse constructed through language, 

symbols, representations, gestures, and interaction 

(Planas, 2018). Problem-solving develops this 

discourse because learners must formulate, employ, 

interpret, and communicate mathematics in authentic 

contexts (OECD, 2023; Polya, 2004), while 

strengthening critical thinking, creativity, 

communication, collaboration, citizenship, and 

character (Fullan et al., 2018). Yet Indonesian students 

still struggle with contextual interpretation, reasoning, 

and knowledge transfer (OECD, 2023). Teacher-

centred instruction may produce correct calculations 

without lasting understanding (Hattie, 2023), while 

persistent difficulties can increase mathematics anxiety 

(Barroso et al., 2021). Indonesia therefore promotes 

deep learning through reflection, critical thinking, 

meaningful application, and sustained competence. 
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Previous research offers valuable foundations, but 

its evidence remains fragmented. Deep-learning 

frameworks encourage learners to connect ideas, 

investigate relationships, reflect, and transfer 

knowledge beyond routine procedures (Fullan et al., 

2018; Hattie, 2023). Problem solving followed by 

instruction can strengthen understanding when 

teachers build on attempted solutions, errors, and 

comparisons (Loibl et al., 2017). Concrete materials 

and visual representations also support movement from 

physical experience to symbols when their connections 

are explicitly mediated (Fyfe & Nathan, 2019; Kim, 

2020). Concrete-representational-abstract instruction 

can similarly improve understanding, problem-solving, 

and transfer, depending on content, sequencing, and 

teacher guidance (Kaya & Yildiz, 2024; Kokkonen & 

Schalk, 2021; Prosser & Bismarck, 2023). However, 

these elements are usually examined separately rather 

than integrated into a culturally relevant Indonesian 

elementary mathematics model. 

Game-based learning can improve mathematics 

achievement, motivation, engagement, problem-

solving, and higher-order thinking when aligned with 

curricula and supported by feedback, scaffolding, and 

teacher facilitation (Byun & Joung, 2018; Chen et al., 

2022; Hui & Mahmud, 2023; Hussein et al., 2022; 

Sailer & Homner, 2020; Tokac et al., 2019; Vankúš, 

2021; Wang et al., 2022; Yu et al., 2021). Primary 

studies also report gains in number sense, strategic 

flexibility, geometry, early algebra, and mathematical 

interest when games connect with formal concepts 

(Brezovszky et al., 2019; Hulse et al., 2019; Nand et al., 

2019; Sun et al., 2021; Yeh et al., 2019). Online games 

support interaction and feedback, although their quality 

varies (Hidayat et al., 2024). In Indonesia, GASING, 

Gampang, Asyik, dan Menyenangkan, combines 

progression, concrete experience, pattern recognition, 

practice, and enjoyment, with positive outcomes for 

achievement and problem-solving (Hayati et al., 2024; 

Rumajar et al., 2024). Nevertheless, many studies 

involve small samples, single schools, general 

achievement measures, or one-group pretest-posttest 

designs. Digital games also dominate, leaving physical 

card games and face-to-face mathematical discourse 

underexplored. No established multisite study has 

integrated pedagogical deep learning, GASING, 

collaborative card play, and Polya-oriented problem-

solving, while single pretest-posttest comparisons 

cannot adequately distinguish sustained change from 

ordinary fluctuation (Bernal et al., 2017). 

Responding to these gaps, this study 

operationalises pedagogical deep learning through 

GASING and a physical mathematics card game. Its 

niche lies in positioning play as a semiotic and social 

space for exploration, pattern discovery, strategic 

discussion, explanation, reflection, and symbolic 

generalisation. Students move among card 

manipulation, spoken explanations, visual patterns, 

written strategies, and formal symbols while 

investigating multiplication. Its novelty lies in 

integrating deep learning, GASING, collaborative play, 

mathematical discourse, and Polya-oriented problem-

solving within one instructional architecture. 

Methodologically, the study uses three pre-intervention 

and three post-intervention measurements with 132 

fourth-grade students from six elementary schools in 

Banyuwangi Regency, enabling analysis of baseline 

stability, immediate change, subsequent development, 

and consistency across observations (Bernal et al., 

2017; Hayati et al., 2024; Rumajar et al., 2024). 

The study is theoretically, pedagogically, 

methodologically, and curricularly significant. It 

connects deep learning, representational progression, 

mathematical discourse, game-based learning, and 

problem-solving; offers teachers a low-cost alternative 

to formula-centred instruction; and relates repeated 

outcome measurements to implementation fidelity. It 

also supports conceptual understanding, numeracy 

literacy, learner agency, critical reasoning, 

collaboration, meaningful learning, and reflection. 

Accordingly, the study aims to analyse how 

pedagogical deep learning is implemented through a 

GASING-based mathematics card game and identify 

changes in fourth-grade students’ mathematical 

problem-solving ability following the intervention. 

Two research questions guide the investigation. 

RQ1: How is pedagogical deep learning implemented 

through a GASING-based mathematics card game in 

fourth-grade multiplication instruction? This question 

examines participation, conceptual exploration, pattern 

discovery, mathematical communication, collaboration, 

reflection, teacher scaffolding, and game engagement. 

RQ2: What changes occur in students’ mathematical 

problem-solving ability following the intervention, as 

indicated by levels and trends across repeated pre-

intervention and post-intervention measurements? This 

question assesses students’ abilities to understand 

problems, formulate strategies, execute solutions, and 

evaluate results according to Polya’s problem-solving 

stages (Polya, 2004). Together, the questions connect 

implementation quality with performance changes over 

time. 

The study shows that play can remain 

intellectually demanding when structured through 

representation, dialogue, strategic reasoning, reflection, 

and conceptual generalisation. It offers an evidence-

informed model for teaching multiplication through 

connected numerical relationships instead of 

memorised facts. Low-cost physical materials can 

promote discussion and contextualised numeracy 

without advanced digital infrastructure, while learner-

centred curricula can integrate conceptual depth, 

enjoyment, collaboration, and reflection. Repeated 

measurements strengthen evaluations of classroom 

innovation. Ultimately, play becomes problem-solving 

through discourse as children construct, communicate, 

test, evaluate, and refine mathematical ideas. 
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2.  Literature Review 

2.1 Pedagogical Deep Learning and 

Mathematical Problem Solving 

Pedagogical deep learning shifts mathematics 

instruction from memorizing rules and imitating 

procedures toward constructing, connecting, and 

applying mathematical knowledge. Students relate new 

concepts to prior understanding, explore relationships, 

reflect on their reasoning, and transfer knowledge to 

unfamiliar situations. Fullan et al. (2018) link this 

orientation to six competencies: character, citizenship, 

collaboration, communication, creativity, and critical 

thinking. In Indonesia, these competencies are 

reflected in meaningful, mindful, and joyful learning, 

which supports conceptual depth, active participation, 

reflection, and positive learning experiences (Feriyanto 

& Anjariyah, 2024).  

This perspective aligns with evidence that explicit 

instruction becomes more effective when combined 

with active engagement, feedback, reflection, and 

knowledge application (Hattie, 2023). Mathematics is 

therefore viewed as an interconnected system of 

concepts, representations, patterns, relationships, and 

reasoning processes rather than a collection of 

procedures. 

Pedagogical deep learning is grounded in 

constructivist perspectives. Piaget and Inhelder (1969) 

explain knowledge development through assimilation 

and accommodation, while Vygotsky (1978) 

emphasizes language, social interaction, cultural tools, 

and scaffolding. These principles are especially 

relevant to fourth-grade learners, who benefit from 

concrete materials, visualization, guided exploration, 

and interpersonal explanation. However, manipulatives 

promote understanding only when learners connect 

physical actions with visual, verbal, and symbolic 

representations. Concreteness fading therefore 

supports a mediated progression from concrete 

experiences to abstract forms (Fyfe & Nathan, 2019; 

Kim, 2023). Its effectiveness depends on explicit 

representational connections, suitable mathematical 

content, and teacher guidance rather than the presence 

of materials alone (Kaya & Yildiz, 2024; Kokkonen & 

Schalk, 2021; Prosser & Bismarck, 2023). Movement 

across concrete, representational, and abstract forms 

can integrate procedural fluency with conceptual 

understanding, although the sequence should remain 

responsive to learners and mathematical topics (Fyfe & 

Nathan, 2019; Kokkonen & Schalk, 2021). 

Mathematical problem solving demonstrates 

deeper understanding by integrating reasoning with 

cognitive, motivational, and affective processes across 

contexts (Wang & Guo, 2026). Motivation and self-

regulated learning predict performance, while 

mathematical self-efficacy and thinking operate as 

proximal predictors and mediators (Wang & Guo, 

2026). Affective factors and contextual or multimodal 

representations further influence learning outcomes. 

Technology-enhanced open tasks, immediate feedback, 

and real-world objects can strengthen logical 

competencies (Weinhandl et al., 2020). Cross-

disciplinary approaches such as DECA, involving 

discovery, extraction, creation, and assembly, may also 

support computational thinking, although a study of 59 

learners found mixed evidence of transfer from 

programming (Ezeamuzie, 2023).  

Retrieval practice similarly improves near and 

content transfer in mathematics (Schwerter et al., 2026). 

Polya’s (2004) framework organizes problem solving 

into understanding the problem, devising and 

implementing a plan, and reviewing the solution. These 

processes require comprehension, representation, 

strategy selection, calculation, explanation, and 

evaluation. They also support mathematical literacy, 

which involves formulating, employing, and 

interpreting mathematics in real-world situations 

(OECD, 2023). Effective elementary instruction 

should therefore integrate conceptual understanding, 

procedural fluency, strategic flexibility, 

communication, reflection, and knowledge transfer. 

2.2 GASING and Game-Based Learning as an 

Integrated Pedagogy 

The GASING method provides an instructional 

structure consistent with pedagogical deep learning. 

GASING, an acronym for Gampang, Asyik, dan 

Menyenangkan or Easy, Enjoyable, and Fun, was 

developed by Yohanes Surya to make mathematics 

accessible through gradual, meaningful, and engaging 

experiences. It progresses from simple to complex 

concepts and from concrete experiences to abstract 

notation while emphasizing numerical patterns, mental 

calculation, tiered practice, and repeated success. 

Instead of presenting formulas as fixed procedures, 

GASING encourages learners to identify relationships 

and construct efficient strategies, thereby strengthening 

numerical intuition and reducing reliance on 

memorized algorithms.  

Studies indicate that GASING can improve 

elementary students’ mathematical problem-solving 

skills and produce stronger outcomes than direct or 

lecture-based instruction in integer multiplication 

(Hayati et al., 2024; Rumajar et al., 2024). However, 

existing studies commonly use small samples, limited 

topics, single-school settings, short interventions, and 

conventional pretest-posttest designs. They also focus 

primarily on achievement and computation rather than 

conceptual exploration, strategic communication, 

reflection, and comprehensive problem-solving 

processes. 

Game-based learning can strengthen GASING by 

engaging students in purposeful challenges involving 

problem solving, strategy testing, decision making, and 

communication, particularly through paired activities 

and real-world representations (Fernandes et al., 2023; 
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Wu, 2024). Its effectiveness depends on aligning game 

rules, goals, feedback, representations, and interactions 

with intended learning outcomes. This principle is 

supported by feasible gamified problem-based designs 

with a mean evaluation of 3.4 out of 4 (Panis et al., 

2020) and augmented-reality games that promote 

meaningful learning through accessible representations 

(Fernandes et al., 2023).  

Studies have also reported positive usability and 

intention to use gamified tutoring systems, although 

mobile adaptation and further design refinement 

remain necessary (Pereira et al., 2023). An augmented-

reality air-quality game involving 27 children similarly 

produced learning gains and positive acceptance 

(Fernandes et al., 2023). More broadly, game-based 

learning is associated with achievement, motivation, 

engagement, problem solving, critical thinking, 

confidence, persistence, cooperation, and 

mathematical communication, although outcomes vary 

according to design quality, instructional duration, 

teacher support, learner characteristics, and curricular 

alignment (Chen et al., 2022; Sailer & Homner, 2020; 

Wang et al., 2022; Yu et al., 2021). Mathematics-

focused studies further show that games can 

outperform conventional instruction, develop adaptive 

number knowledge and strategic flexibility, and 

support cognitive and affective growth (Brezovszky et 

al., 2019; Hui & Mahmud, 2023; Tokac et al., 2019). 

Nevertheless, enjoyment alone is insufficient; 

gameplay must require mathematical reasoning and 

connect students’ actions with formal concepts. 

Teacher scaffolding is therefore essential for 

helping learners interpret tasks, compare strategies, 

explain patterns, identify misconceptions, and 

generalize mathematical relationships while retaining 

responsibility for their thinking. Whole-class and 

individualized scaffolding can improve exploration, 

interest, learning, and arithmetic performance in 

primary mathematics games (Sun et al., 2021), 

consistent with Vygotsky’s (1978) view of socially 

mediated learning. Physical number cards are 

particularly suitable for fourth-grade learners because 

they make multiplication structures visible through 

repeated groups, number pairs, combinations, and 

alternative strategies.  

Collaborative card activities also create a low-risk 

environment for testing ideas, correcting mistakes, 

revising strategies, and communicating mathematical 

reasoning. Such conditions are important because 

mathematics anxiety is associated with lower 

achievement and reduced willingness to undertake 

challenging tasks (Barroso et al., 2021). However, 

research remains dominated by digital games, 

gamification platforms, and technology-rich 

environments (Chen et al., 2022; Hidayat et al., 2024; 

Hussein et al., 2022). Low-cost physical games that 

promote face-to-face explanation, negotiation, gesture, 

and collaborative manipulation therefore remain 

comparatively underexplored. 

2.3 Research Gaps, Novelty, and Theoretical 

Implications 

The Several gaps remain in the literature. 

Pedagogical deep learning is rarely integrated into a 

clearly sequenced elementary mathematics 

intervention, while GASING studies mainly emphasize 

arithmetic achievement rather than comprehensive 

problem solving. Game-based research also focuses 

largely on digital tools, leaving low-cost physical 

games and mathematical discourse underexplored. In 

addition, representation, scaffolding, collaboration, 

communication, gameplay, and reflection are often 

studied separately, and single pretest-posttest designs 

provide limited evidence of stable instructional change. 

This study addresses these gaps by integrating 

pedagogical deep learning, GASING, a physical 

mathematics card game, and Polya-oriented problem 

solving. The model combines card manipulation, 

pattern exploration, collaborative strategy 

development, explanation, reflection, and symbolic 

generalization. Using multiplication, students connect 

concrete objects, visual patterns, spoken reasoning, 

written strategies, and formal symbols. An interrupted 

time-series design involving 132 fourth-grade students 

from six schools, with three pre-intervention and three 

post-intervention measurements, enables analysis of 

baseline stability and performance development. The 

model connects constructivism, representational 

progression, game-based learning, scaffolding, and 

mathematical problem solving. It offers a low-cost 

approach that supports conceptual understanding, 

numeracy, communication, collaboration, critical 

thinking, strategic flexibility, and learner agency. 

H₀: There is no change in the pattern of students’ 

mathematical problem-solving ability following the 

implementation of pedagogical deep learning through 

the GASING method based on a mathematics card 

game. 

H₁: There is a change in the pattern of students’ 

mathematical problem-solving ability following the 

implementation of pedagogical deep learning through 

the GASING method based on a mathematics card 

game. 

3.  Method  

3.1 Research Design 

This study adopted a quantitative approach with a 

quasi-experimental design. The quantitative approach 

was selected because the study sought to measure 

change in students' mathematical problem-solving 

ability following the intervention using numerical data 

analysed statistically. A quasi-experimental design was 

employed because the researchers did not randomize 

participants at the individual level; Instead, intact 

classes were used, a common approach in educational 

research that preserves the natural conditions of school-

based learning. 
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The specific design was an Interrupted Time Series 

(ITS) design, one of the strongest quasi-experimental 

designs available when a control group cannot be 

constituted, because it allows the researcher to identify 

both a change in level and a change in trend following 

an intervention. The design comprised six 

measurement occasions: three before the intervention 

(O₁, O₂, O₃) and three after the intervention (O₄, O₅, O₆), 

with the instructional intervention (X) interposed 

between O₃ and O₄. Relative to the ordinary pretest-

posttest design, the ITS design is able to detect level 

change, trend change, and the stability of the 

intervention effect, thereby permitting a more 

comprehensive analysis of instructional impact. 

 

Table 1. Interrupted Time Series Design 

Phase Symbol Measurement / Treatment 

Pre-intervention O₁ O₂ O₃ Pretest 1, 2, 3 

Intervention X Deep learning via GASING + card game 

Post-intervention O₄ O₅ O₆ Posttest 1, 2, 3 

3.2 Setting, Population, and Sample 

The study was conducted during the odd semester 

of the 2026/2027 academic year in six elementary 

schools in Banyuwangi Regency that had implemented 

the Merdeka Curriculum. The population comprised all 

fourth-grade students who were targets of Merdeka 

Curriculum mathematics instruction in the regency. 

The sample was selected through purposive sampling 

according to the following criteria: the school 

implemented the Merdeka Curriculum; it had teachers 

who had completed numeracy training; it was willing 

to host the research; and it supported the use of 

innovative instructional media. A sample exceeding 

100 participants is adequate for regression and time-

series analysis in educational research. The total 

sample comprised 132 fourth-grade students; Table 2 

reports the distribution across schools. 

 

Table 2. Distribution of the Research Sample 

No. School n % 

1 SDN 1 Kalibaru Kulon 32 24.2 

2 SDN 2 Pakis 25 18.9 

3 SDN 2 Alasrejo 25 18.9 

4 SDN Bakungan 20 15.2 

5 SDN 4 Ketapang 19 14.4 

6 SDN 5 Kaligung 11 8.3 

 Total 132 100.0 

3.3 Variables and Operational Definitions 

The study involved two principal variables. The 

independent variable (X) was deep learning 

implemented through the GASING method based on a 

mathematics card game a mathematics learning process 

that integrates conceptual exploration, reflective 

activity, the use of number patterns, the concrete–semi-

concrete–abstract sequence, and a card-game activity. 

The dependent variable (Y) was students' mathematical 

problem-solving ability, operationalized as the 

capacity to solve mathematical problems through the 

four Polya phases. Implementation fidelity was 

characterized by six indicators (active student 

involvement, conceptual exploration, the discovery of 

number patterns, reflective activity, collaboration, and 

learning motivation), while problem-solving ability 

was characterized by four indicators (understanding the 

problem, planning a strategy, executing the strategy, 

and evaluating the result). 
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3.4 Instructional Procedure 

The instructional intervention was delivered in six 

stages. In Stage 1 (Orientation), the teacher explained 

the learning objectives and the rules of the mathematics 

card game. In Stage 2 (Concrete Exploration), students 

used number cards to form number pairs. In Stage 3 

(Pattern Discovery), students identified the 

multiplication patterns arising from the cards. In Stage 

4 (Group Discussion), students discussed the strategies 

they had used. In Stage 5 (Reflection), students 

articulated their reasoning processes. In Stage 6 

(Generalization), the teacher helped students 

consolidate the mathematical concept under study. 

Throughout, the teacher functioned as a facilitator, 

providing scaffolding when students encountered 

difficulty, in accordance with the principles of deep 

learning. 

3.5 Data Collection and Instruments 

Data were collected through a mathematical 

problem-solving test administered on six occasions 

(three pretests and three posttests). The test comprised 

ten context-based constructed-response items mapped 

to the four Polya indicators, with a maximum score of 

100. Item content validity was established by three 

experts, a mathematics-education specialist, an 

educational-evaluation specialist, and a practising 

elementary mathematics teacher, and quantified using 

Aiken's V, with V ≥ 0.80 interpreted as highly valid. 

Test reliability was estimated using Cronbach's alpha, 

with α ≥ 0.80 interpreted as high. In addition, structured 

observation was used to assess implementation fidelity 

across teacher activity, student activity, use of the game, 

group interaction, and reflection, rated on a four-point 

scale; documentation (photographs, teaching materials, 

samples of student work, and observation sheets) was 

also collected. 

Table 3. Test Blueprint for the Mathematical Problem-Solving Instrument 

Indicator Sub-indicator Item 

Understanding the problem Identifying information given 1, 2 

Understanding the problem Identifying information sought 3 

Planning a strategy Determining the operation 4, 5 

Executing the strategy Completing the computation 6, 7 

Evaluating the result Re-checking the answer 8 

Evaluating the result Drawing a conclusion 9, 10 

3.6 Data Analysis 

Data were analysed in five stages. First, descriptive 

statistics (mean, median, minimum, maximum, and 

standard deviation) were computed for each 

measurement occasion. Second, the Shapiro-Wilk test 

was used to assess normality, given that the per-school 

sample was fewer than fifty cases; because the 

distributions departed from normality, the non-

parametric Wilcoxon signed-rank test was used to 

corroborate the pre-post comparison. Third, 

Interrupted Time Series analysis was conducted using 

a segmented regression model of the form 

Yt = β₀ + β₁(Time) + β₂(Intervention) + β₃(TimeAfter) 

+ εt 

where β₀ is the baseline intercept, β₁ is the pre-

intervention trend, β₂ is the immediate change in level 

following the intervention, and β₃ is the change in trend 

after the intervention. Fourth, the effect size was 

computed using Cohen's d (with the pooled standard 

deviation), interpreted as small (0.20), medium (0.50), 

or large (0.80). Fifth, the normalized gain (N-gain) was 

computed as g = (posttest − pretest) / (maximum score 

− pretest), with g > 0.70 categorized as high, 0.30–0.70 

as medium, and < 0.30 as low. 

4. Result 

4.1 Implementation of the Learning Process 

The study was organised around six measurement 

occasions, comprising three pre-intervention and three 

post-intervention assessments. During the intervention 

phase, multiplication instruction followed a structured 

sequence that integrated conceptual exploration, 

mathematics card play, group discussion, reflection, 

and conceptual generalisation. Rather than presenting  

multiplication as a fixed procedure, the teacher 

introduced numerical relationships through card-based 

challenges that required students to identify patterns,  

compare possible strategies, and explain their 

reasoning. 
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Classroom observations showed consistently high 

student involvement throughout the learning activities. 

Most students responded enthusiastically to the card 

game, participated actively in group tasks, and 

interacted with peers when constructing solutions. The 

activity generated multiple solution strategies, 

indicating that students were not merely reproducing 

teacher-demonstrated procedures. Instead, they 

explored numerical relationships, tested alternative 

approaches, and negotiated the validity of their 

strategies through discussion. 

The teacher primarily acted as a facilitator, 

providing prompts, clarification, and scaffolding when 

students encountered difficulty without immediately 

supplying answers. This instructional pattern gradually 

shifted responsibility for solving problems from the 

teacher to the students. The card game therefore 

functioned not merely as an entertaining learning 

medium but as a structured problem space that 

encouraged mathematical reasoning, strategic 

independence, and collaborative knowledge 

construction. 

A particularly important implementation finding 

was the relationship among play, discussion, and 

reflection. Card-based exploration generated initial 

strategies, group interaction exposed students to 

alternative approaches, and reflection required them to 

convert intuitive actions into explicit mathematical 

explanations. This sequence enabled students to move 

from manipulating numbers to articulating the 

principles underlying multiplication. The observed 

engagement was therefore both behavioural and 

cognitive: students participated actively while also 

examining patterns, defending solutions, and refining 

their understanding. 

4.2 Descriptive Statistics of Mathematical 

Problem-Solving Ability 

The descriptive results reveal a clear 

separation between the pre-intervention and post-

intervention phases. As shown in Table 4, mean 

problem-solving scores remained low and relatively 

stable during the three pretests, increasing only from 

21.34 to 23.95. The total change across the baseline 

phase was 2.61 points, indicating that repeated testing 

alone produced little improvement before the 

intervention. 

By contrast, the mean increased by 50.59 points 

between Pretest 3 and Posttest 1, from 23.95 to 74.54. 

Scores then continued to improve to 77.11 at Posttest 2 

and 81.52 at Posttest 3. The average score across the 

three pretests was 22.60, compared with 77.72 across 

the three posttests, representing an overall phase 

difference of 55.12 points. This pattern indicates that 

the principal improvement occurred immediately after 

the intervention, followed by further consolidation 

rather than regression toward baseline performance. 

 

Table 4. Descriptive Statistics of Mathematical Problem-Solving Ability Across Six Measurement Occasions (0–

100; n = 132) 

Occasion n Mean SD Mdn Min Max Change in Mean 

Pretest 1 132 21.34 18.93 17 0 80 — 

Pretest 2 132 22.52 20.18 17 0 80 +1.18 

Pretest 3 132 23.95 20.46 20 0 90 +1.43 

Posttest 1 132 74.54 23.14 84 4 100 +50.59 

Posttest 2 132 77.11 21.06 84 10 100 +2.57 

Posttest 3 132 81.52 16.73 84 27 100 +4.41 

Note. Mdn = median; SD = standard deviation. Change in mean represents the difference from the immediately 

preceding measurement. 

 

Table 4 also reveals changes in the distribution of 

achievement. During the baseline phase, the median 

remained between 17 and 20, confirming that low 

performance characterised the typical student rather 

than only a small subgroup. Following the intervention, 

the median rose sharply to 84 and remained at that level 

across all three posttests. The simultaneous increase in 

the mean and median demonstrates that the 

improvement occurred across the broader cohort rather 

than being driven solely by a few high-performing 

students. 
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The maximum score reached 100 at each post-

intervention measurement, showing that some students 

achieved mastery immediately after the intervention. 

More importantly, the minimum score increased 

progressively from 4 at Posttest 1 to 10 at Posttest 2 

and 27 at Posttest 3. This upward movement in the 

lower end of the distribution indicates that students 

who initially benefited less from the intervention 

continued to improve during subsequent measurements. 

The standard deviation initially increased from 

20.46 at Pretest 3 to 23.14 at Posttest 1. This temporary 

widening suggests that students responded to the 

intervention at different rates: some achieved high 

scores immediately, whereas others required additional 

exposure and practice. However, the standard deviation 

subsequently declined to 21.06 and then to 16.73. The 

narrowing distribution, combined with the rising 

minimum score, indicates increasing convergence in 

achievement and suggests that later improvement was 

particularly evident among lower-performing students. 

Figure 1 reinforces this interpretation by displaying 

a near-horizontal baseline followed by an abrupt 

discontinuity at the intervention point. The three pretest 

means form a stable trajectory, whereas the transition 

from Pretest 3 to Posttest 1 produces a pronounced 

upward shift. The increase is sufficiently large that the 

one-standard-deviation intervals surrounding Pretest 3 

and Posttest 1 do not overlap, demonstrating that the 

immediate post-intervention difference was 

substantially greater than the ordinary variation 

observed within either occasion. 

The post-intervention trajectory continues upward, 

although less steeply than the initial increase. This 

pattern distinguishes two components of change: an 

immediate intervention-associated improvement and a 

subsequent period of progressive consolidation. The 

absence of a post-intervention decline indicates that the 

initial gain was maintained, while the continuing 

increase suggests that students became more proficient 

in applying the newly developed strategies across 

successive assessments. 

f

 

Figure 1. Interrupted Time-Series Trajectory of Mathematical Problem-Solving Scores 

Note. Points represent cohort means, and error bars represent one standard deviation. The vertical line indicates 

the transition between the pre-intervention and post-intervention phases. 

 

Overall, the descriptive evidence identifies four 

central findings. First, students’ initial performance 

was low and stable. Second, the intervention was 

followed by an immediate and substantial increase in 

problem-solving scores. Third, achievement continued 

to improve across the post-intervention assessments. 

Fourth, the reduction in score dispersion and the 

progressive rise in minimum scores indicate that 

improvement increasingly extended to lower-

performing students. Together, these patterns suggest 

that the intervention was associated not only with 

higher average achievement but also with a more 

equitable distribution of mathematical problem-solving 

performance across the cohort. 

4.3 Time-Series Trend Analysis 

The most prominent feature of the time series was 

a clear structural shift between the pre-intervention and 

post-intervention phases. During the baseline phase, 

mean scores increased only slightly from 21.34 at 

Pretest 1 to 22.52 at Pretest 2 and 23.95 at Pretest 3. 

The total baseline increase was 2.61 points, equivalent 

to an average descriptive rise of approximately 1.31 

points per measurement occasion. This near-flat 

trajectory indicates that students’ mathematical 

problem-solving ability remained consistently low 

before the intervention, with no substantial evidence of 

spontaneous improvement across the repeated pretests. 
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A markedly different pattern emerged immediately 

after the intervention. The mean increased by 50.59 

points between Pretest 3 and Posttest 1, rising from 

23.95 to 74.54. Scores then continued to increase to 

77.11 at Posttest 2 and 81.52 at Posttest 3. The post-

intervention phase therefore exhibited both an 

immediate change in performance level and a 

continuing positive trajectory. The average increase 

between successive posttests was approximately 3.49 

points, indicating that the initial improvement was not 

followed by stagnation or decline. Instead, students 

appeared to consolidate and progressively extend the 

problem-solving skills developed during the 

intervention. 

The stability of the baseline is particularly 

important for interpreting this pattern. Repeated 

exposure to the assessment before the intervention 

resulted in only minimal score changes, whereas the 

introduction of the GASING-based mathematics card 

game coincided with a sudden and substantial increase. 

Within the observed series, this discontinuity makes 

ordinary baseline drift or repeated-testing effects less 

plausible as the principal explanation for the 

improvement. Although the trend analysis alone does 

not establish causality, the timing, magnitude, and 

persistence of the change provide strong descriptive 

evidence of an intervention-related improvement. 

Figure 2 further clarifies how the score distribution 

changed across the six measurement occasions. Before 

the intervention, both the means and medians remained 

concentrated near the lower end of the scale. The 

pretest medians ranged from 17 to 20, while the 

corresponding means ranged from 21.34 to 23.95. This 

pattern shows that low achievement characterised the 

majority of students rather than only a small group of 

low performers. 

After the intervention, the median increased sharply 

to 84 and remained unchanged across all three posttests. 

The posttest means were initially lower than the 

median, indicating that a smaller group of students with 

comparatively low scores continued to pull the average 

downward. However, this lower-performing tail 

contracted over time. The minimum score increased 

from 4 at Posttest 1 to 10 at Posttest 2 and 27 at Posttest 

3, while the standard deviation declined from 23.14 to 

16.73. These changes suggest that later improvement 

was increasingly concentrated among students who had 

initially responded less strongly to the intervention. 

The maximum score reached 100 at every post-

intervention occasion, showing that some students 

attained the highest possible level immediately after 

the treatment. More importantly, the simultaneous rise 

in the minimum score and reduction in dispersion 

indicate that the intervention was not beneficial only to 

high-achieving students. The distribution gradually 

became more concentrated at the upper end of the scale, 

reflecting both stronger overall performance and 

greater consistency across the cohort. 

Overall, the time-series pattern identifies three key 

findings. First, performance remained low and stable 

before the intervention. Second, the intervention was 

followed by an immediate and substantial upward shift. 

Third, scores continued to improve while variability 

decreased during the post-intervention phase. The 

combination of a stable baseline, a pronounced 

discontinuity, a sustained positive trend, and a 

contracting lower tail indicates that the improvement 

was both substantial and increasingly inclusive across 

students. 

 

Figure 2. Distributional Shift in Mathematical Problem-Solving Scores Across Six Measurement Occasions 

Note. Vertical ranges represent the observed minimum and maximum scores. Circular markers and error bars 

represent the mean and one standard deviation, respectively, while diamond markers indicate the median. The 

vertical dashed line marks the intervention point 
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4.4 Segmented Regression Analysis 

Segmented regression was conducted to distinguish 

three components of the interrupted time series: the 

initial level of performance, the pre-intervention trend, 

and the changes in level and trend following the 

intervention. As shown in Table 5, the fitted model 

explained nearly all variation across the six 

measurement occasions, with (R^2 = 0.9999). This 

exceptionally close fit indicates that the segmented 

model accurately reproduced the observed trajectory. 

However, because the model was estimated from six 

aggregated time points, the (R^2) value should 

primarily be interpreted as evidence of descriptive fit 

rather than broad predictive capacity. 

The estimated intercept was 19.99 ((p = .002)), 

representing the modelled starting level of students’ 

mathematical problem-solving performance. The pre-

intervention slope was 1.31 points per occasion. 

Although positive, this trend was not statistically 

significant ((p = .075)), confirming that performance 

remained broadly stable before the intervention. The 

small baseline slope is consistent with the descriptive 

pattern in which the three pretest means increased only 

marginally. 

The principal result was the immediate level change 

associated with the intervention. The coefficient for the 

intervention was 46.83 ((SE = 0.95), (t = 49.07), (p 

< .001)), indicating a large upward displacement from 

the projected baseline trajectory. This coefficient was 

substantially larger than either the pre-intervention or 

post-intervention slope component, showing that the 

dominant effect was an immediate shift in performance 

rather than a gradual acceleration over time. 

The post-intervention trend-change coefficient was 

positive at 2.18 points per occasion but narrowly 

missed the conventional threshold for statistical 

significance ((p = .055)). When combined with the 

baseline slope, the estimated post-intervention slope 

was approximately 3.49 points per occasion. Thus, the 

model identified two complementary patterns: a large 

and statistically reliable immediate improvement, 

followed by a smaller positive trajectory suggesting 

continued consolidation. The evidence for the 

immediate level change was strong, whereas the 

additional post-intervention acceleration should be 

interpreted more cautiously. 

 

 

Table 5. Segmented Regression Results for Mathematical Problem-Solving Scores 

Parameter B SE t p Interpretation 

Intercept ((\beta_0)) 19.99 0.82 24.40 .002 Estimated baseline starting level 

Time/pre-intervention 

trend ((\beta_1)) 

1.31 0.38 3.45 .075 Small, statistically non-significant 

baseline increase 

Intervention/immediate level change 

((\beta_2)) 

46.83 0.95 49.07 < .001 Large and statistically significant 

upward shift 

TimeAfter/trend change ((\beta_3)) 2.18 0.54 4.07 .055 Positive additional trend that narrowly 

missed significance 

Note. (R^2 = 0.9999). The fitted model was [ Y = 19.99 + 1.31(\text{Time}) + 46.83(\text{Intervention}) + 

2.18(\text{TimeAfter}).] 

Overall, the segmented regression confirms that the 

observed score trajectory was characterised primarily 

by an abrupt intervention-associated level change. The 

small and statistically non-significant pre-intervention 

trend reduces the likelihood that the post-intervention 

increase merely continued an existing pattern. At the 

same time, the positive but borderline trend-change 

coefficient suggests that students may have continued 

strengthening their problem-solving performance after 

the initial gain, although this secondary pattern requires 

cautious interpretation. 

 

4.5 Normalized Gain and Effect Size 

Student-level scores were averaged across the three 

pretests and three posttests for 132 matched 

participants. The overall mean increased from 22.61 

((SD = 18.51)) before the intervention to 77.72 ((SD = 

19.13)) after the intervention, producing an absolute 

increase of 55.11 points. The paired-samples analysis 

confirmed that this difference was statistically 

significant, (t(131) = 29.40), (p < .001). The Wilcoxon 

signed-rank test also yielded (p < .001), demonstrating 

that the improvement remained statistically reliable 

when evaluated using a non-parametric procedure. 
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The average normalized gain was (g = 0.71), 

placing the overall improvement in the high category. 

Cohen’s (d = 2.93) indicated a very large effect. The 

agreement among the raw mean difference, normalized 

gain, parametric test, non-parametric confirmation, and 

effect-size estimate shows that the result was not 

merely statistically detectable. It represented a 

substantial educational improvement relative to 

students’ initial performance and the available score 

range. 

School-level results further demonstrate that the 

improvement was not confined to a single site. Every 

school recorded a large absolute increase, ranging from 

39.64 to 60.91 points. Normalized gains ranged from 

0.62 to 0.76, while Cohen’s (d) values ranged from 

1.86 to 3.91. Thus, all six schools experienced very 

large effects, although the relative efficiency of the 

gains varied across settings. 

Table 6. School-Level Pre/Post Scores, Absolute Gains, Normalized Gains, and Effect Sizes 

School n Pre M (SD) Post M (SD) Absolute 

Gain 

g Gain 

Category 

d 

SDN 5 Kaligung 11 48.18 

(28.32) 

87.82 

(10.18) 

39.64 0.76 High 1.86 

SDN 2 Alasrejo 25 15.69 

(11.14) 

76.60 

(18.98) 

60.91 0.72 High 3.91 

SDN Bakungan 20 19.73 (8.81) 76.90 

(21.23) 

57.17 0.71 High 3.52 

SDN 4 Ketapang 19 19.02 

(19.91) 

78.67 

(20.03) 

59.65 0.74 High 2.99 

SDN 2 Pakis 25 12.97 (6.59) 66.76 

(20.21) 

53.79 0.62 Moderate 3.58 

SDN 1 Kalibaru 

Kulon 

32 30.67 

(18.89) 

83.64 

(15.40) 

52.97 0.76 High 3.07 

Overall 132 22.61 

(18.51) 

77.72 

(19.13) 

55.11 0.71 High 2.93 

Note. Absolute gain = post-intervention mean minus pre-intervention mean. Normalized gains above 0.70 were 

classified as high, while values from 0.30 to 0.70 were classified as moderate. 

s

Figure 3 visualises the magnitude of the change 

within each school. The connecting lines show that 

every post-intervention mean was substantially higher 

than its corresponding pre-intervention mean. SDN 2 

Alasrejo recorded the largest absolute increase at 60.91 

points, followed by SDN 4 Ketapang at 59.65 points 

and SDN Bakungan at 57.17 points. SDN 5 Kaligung 

showed the smallest absolute increase, although its 

post-intervention mean was the highest at 87.82. This 

apparently smaller gain reflects its comparatively high 

baseline score of 48.18 and therefore less available 

room for improvement. 
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Figure 3. School-Level Change in Mean Mathematical Problem-Solving Scores 

Note. Circles indicate pre-intervention means, diamonds indicate post-intervention means, and the values above 

the connecting lines represent absolute score gains. 

Figure 4 presents normalized gains relative to the 

high-gain threshold of 0.70. SDN 5 Kaligung and SDN 

1 Kalibaru Kulon achieved the highest normalized 

gains at 0.76, followed by SDN 4 Ketapang at 0.74. 

SDN 2 Alasrejo and SDN Bakungan also exceeded the 

high-category threshold, with gains of 0.72 and 0.71, 

respectively. SDN 2 Pakis recorded the lowest 

normalized gain at 0.62, placing it in the moderate 

category. Nevertheless, its effect size remained very 

large at (d = 3.58), demonstrating that a lower 

normalized gain did not imply a weak improvement. 

  

 

Figure 4. Normalized Gain by School Relative to the High-Gain Threshold 

Note. The dashed vertical line represents the threshold for the high normalized-gain category, (g = 0.70). 

 

The school-level patterns offer an important 

interpretation. Absolute gain, normalized gain, and 

effect size capture different dimensions of 

improvement and therefore do not produce identical 

rankings. SDN 2 Alasrejo achieved the largest absolute 

gain and effect size, whereas SDN 5 Kaligung and 

SDN 1 Kalibaru Kulon achieved the highest 

normalized gains. These differences reflect variation in 

initial scores, available improvement margins, and 

score dispersion. For example, SDN 5 Kaligung began 

with the highest pre-intervention mean, limiting its 

possible absolute increase, while SDN 2 Pakis began 

with the lowest mean but retained greater post-

intervention variability. 

Taken together, the results indicate that the 

intervention produced substantial improvement across 

schools with markedly different starting conditions. 

Five schools reached the high normalized-gain 

category, all six demonstrated very large effect sizes, 

and every school recorded a considerable increase in 

mean performance. The consistency of direction across 

all sites strengthens the interpretation that the 

improvement was broadly reproducible rather than 

dependent on one unusually successful school. 

4.6 Implementation Fidelity 

Implementation-fidelity observations produced an 

overall mean of 90.5%, indicating that the instructional 

procedure was delivered with a very high degree of 

consistency. As shown in Table 7, all observed 

components exceeded 84%, although the results varied 

across specific aspects of implementation. The range 

between the highest and lowest scores was 11.1 

percentage points, demonstrating strong overall 

delivery alongside some variation in the enactment of 

individual components. 

The use of the mathematics card game achieved the 

highest fidelity score at 95.3%, exceeding the overall 

mean by 4.8 percentage points. This finding indicates 

that the central instructional medium was used 

consistently and in accordance with the planned 

procedure. Teacher activity also demonstrated high 
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fidelity at 92.4%, suggesting that the teacher 

effectively maintained the intended sequence of 

facilitation, questioning, guidance, and scaffolding. 

Student activity reached 90.8%, closely matching 

the overall mean. This result shows that students 

generally participated as expected in card manipulation, 

pattern exploration, problem-solving, and classroom 

interaction. The close alignment between teacher 

activity and student activity also indicates that the 

instructional procedure was not implemented only at 

the level of teacher delivery; it was accompanied by 

substantial learner participation. 

Collaboration obtained a score of 89.7%, only 0.8 

percentage points below the overall mean. Although 

slightly lower than teacher and student activity, this 

score indicates that group interaction, strategy 

comparison, and peer communication were 

implemented consistently across the observed sessions. 

Nevertheless, the difference suggests that collaborative 

participation may not have been equally distributed 

among all students or groups. 

Reflection received the lowest score at 84.2%, 

falling 6.3 percentage points below the overall mean. 

Although this result remained high in absolute terms, it 

identifies reflection as the least consistently enacted 

component. Compared with the highly visible activities 

of playing, responding, and collaborating, reflective 

explanation required students to verbalise their 

reasoning, evaluate strategies, and connect game-based 

experiences with formal multiplication concepts. The 

lower score therefore suggests that the transition from 

active participation to explicit mathematical 

articulation was the most demanding part of the 

instructional sequence. 

 

Table 7. Implementation-Fidelity Results Across Instructional Components 

Rank Aspect Percentage (%) Difference from Overall Mean 

1 Use of the game 95.3 +4.8 

2 Teacher activity 92.4 +1.9 

3 Student activity 90.8 +0.3 

4 Collaboration 89.7 −0.8 

5 Reflection 84.2 −6.3 
 

Overall mean 90.5 — 

Note. Difference values represent percentage-point deviations from the overall implementation-fidelity mean. 

 

Figure 5 illustrates the fidelity profile across the 

five instructional components. Three aspects use of the 

game, teacher activity, and student activity were 

positioned above the overall mean. Collaboration 

remained close to the mean, whereas reflection was 

visibly lower than the other components. The resulting 

profile indicates that the intervention was implemented 

most consistently in its procedural and participatory 

dimensions, while its reflective dimension showed 

comparatively greater implementation difficulty. 
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Figure 5. Implementation-Fidelity Profile Across Instructional Components 

Note. The dashed vertical line represents the overall implementation-fidelity mean of 90.5%. 

Overall, the findings confirm that the intervention 

was implemented substantially as designed. The high 

fidelity of the game, teacher activity, and student 

participation strengthens confidence that the observed 

learning outcomes were generated under conditions 

closely aligned with the intended instructional model. 

At the same time, the comparatively lower reflection 

score identifies a specific area for instructional 

refinement. More structured reflection prompts, 

individual explanation tasks, strategy-comparison 

sheets, or brief written mathematical justifications may 

help ensure that students consistently transform their 

game-based experiences into explicit conceptual 

understanding. 

5. Discussion 

 The principal finding of this study is that 

implementing pedagogical deep learning through the 

GASING method supported by a mathematics card 

game was followed by a substantial and sustained 

improvement in fourth-grade students’ mathematical 

problem-solving ability. The three pre-intervention 

means remained comparatively stable at 21.34, 22.52, 

and 23.95, whereas the three post-intervention means 

increased markedly to 74.54, 77.11, and 81.52. 

Segmented regression identified a large and 

statistically significant immediate level change 

following the intervention, (\beta_2 = 46.83), (p < .001), 

while the positive post-intervention trend, (\beta_3 = 

2.18), (p = .055), suggested continued consolidation 

without reaching the conventional .05 significance 

threshold. Student-level analysis produced a high 

normalized gain of 0.71 and a very large effect size of 

(d = 2.93), with both the paired comparison and 

Wilcoxon signed-rank confirmation indicating 

statistically significant improvement. Gains also 

appeared across all six schools, with school-level 

normalized gains ranging from 0.62 to 0.76. These 

converging results indicate that the observed 

improvement was not limited to one measurement 

occasion or a single school, although the absence of a 

comparison group requires the change to be interpreted 

as strongly associated with, rather than conclusively 

caused by, the intervention. 

5.1 Deep Learning and the Construction of 

Mathematical Understanding 

 The improvement can first be understood through 

the conceptual orientation of the intervention. Instead 

of receiving multiplication procedures as finished rules, 

students manipulated number cards, explored 

relationships, identified recurring patterns, articulated 

strategies, and reflected on how their solutions were 

produced. Such activities encouraged learners to move 

beyond answer production toward an understanding of 

why multiplication procedures work. Research on 

meaningful mathematics learning similarly 

demonstrates that students develop stronger and more 

transferable knowledge when instruction directs their 

attention to numerical structures and relationships 

rather than isolated computations (Björklund et al., 

2021; Sterner et al., 2020). The cards therefore served 

not merely as physical materials but as representational 

resources through which students could connect 

concrete numerical arrangements with multiplication 

concepts. 

 This interpretation is also consistent with research 

on representational sequencing. Concrete materials are 

not automatically effective simply because students 

can manipulate them; their instructional value depends 

on whether learners are helped to recognize the 

mathematical structures represented by the objects and 

to connect those structures with pictorial and symbolic 

forms (Fyfe & Nathan, 2019; Kokkonen & Schalk, 

2021). In the present intervention, the progression from 

card manipulation to pattern identification, group 
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explanation, reflection, and symbolic generalization 

created explicit links among action, speech, 

visualization, and notation.  

This sequence may have reduced the conceptual 

distance between students’ immediate experiences and 

the abstract multiplication representations they were 

expected to use. Studies of early mathematics 

interventions similarly show that collective reasoning 

about multiple representations can strengthen number 

understanding when the relationships among the 

representations are made visible and discussable 

(Sterner et al., 2020). Formative opportunities to 

explain and reconsider strategies may also support 

mathematical reasoning by strengthening students’ 

confidence in participating in problem-solving 

processes (Smit et al., 2023).   

5.2 The Contribution of GASING Sequencing 

to Problem-Solving Development 

 The GASING method appears to have contributed 

to the findings through its gradual, pattern-oriented, 

and success-building instructional sequence. Students 

began with accessible card-based activities before 

progressing toward increasingly formal representations 

of multiplication. This concrete to semi-concrete to 

abstract progression enabled them to examine 

relationships among quantities before relying on 

conventional notation. Rather than memorizing 

multiplication facts as disconnected verbal sequences, 

students were encouraged to notice number pairs, 

repeated groups, and regularities that could be 

converted into efficient solution strategies. Such 

structural awareness is central to mathematical 

problem solving because it enables learners to identify 

relationships within a problem instead of approaching 

every item as an unfamiliar computational task. 

The pattern-discovery component also appears to 

have supported the four problem-solving processes 

assessed in this study. When students formed number 

combinations, they had to interpret the information 

represented by the cards. When they compared possible 

multiplication strategies, they planned alternative 

solution procedures. When they used the chosen 

strategy, they executed the mathematical operation. 

Finally, group discussion and reflection provided 

opportunities to reconsider the reasonableness of the 

result. Game-based number-learning environments 

have similarly been found to strengthen adaptive 

number knowledge when students are required to 

recognize numerical structures and select strategies 

rather than merely produce rapid answers (Brezovszky 

et al., 2019).  

Research on number-sense games also indicates 

that representations, feedback, and opportunities to 

explain patterns can connect informal numerical 

intuitions with early algebraic reasoning (Hulse et al., 

2019). Furthermore, combining modelling, 

collaboration, and game activity can improve 

mathematics performance when students are given 

opportunities to observe relationships, test ideas, and 

discuss their reasoning with peers. The contribution of 

GASING in this study should therefore be understood 

not as the effect of enjoyable practice alone but as the 

effect of structured enjoyment directed toward 

progressively deeper mathematical reasoning. 

5.3 The Mathematics Card Game as a Space 

for Numeracy Discourse 

 A second explanation concerns the social and 

discursive role of the mathematics card game. 

Classroom observations showed that students were 

highly engaged in manipulating cards, negotiating 

strategies, comparing answers, and working 

collaboratively. Rather than serving merely as 

entertainment, the game created a structured space for 

students to articulate mathematical ideas, consider 

alternative strategies, justify decisions, and revise their 

reasoning (Hayden et al., 2024; Higgins & Parsons, 

2021; Yang et al., 2023). Numeracy was therefore 

enacted as classroom discourse through prompts, talk 

moves, and collaborative reasoning (Hayden et al., 

2024; Higgins & Parsons, 2021). By connecting 

physical arrangements, oral explanations, numerical 

patterns, written procedures, and symbolic conclusions, 

the activity strengthened mathematical vocabulary and 

communicative fluency (Hayden et al., 2024; Higgins 

& Parsons, 2021; Yang et al., 2023). Such dialogic 

interaction is associated with improved mathematical 

talk, learner ownership, and academic outcomes, while 

code-switching and translanguaging can extend 

participation in multilingual classrooms (Higgins & 

Parsons, 2021; Yamaguchi, 2025; Yang et al., 2023). 

 This finding supports evidence that game-based 

learning can promote cognitive and affective outcomes 

in mathematics. Meta-analytic research indicates 

positive effects on achievement when games are 

closely aligned with curricular objectives and provide 

meaningful mathematical activity (Tokac et al., 2019). 

Games may also enhance motivation, cognition, and 

participation by offering clear goals, manageable 

challenges, immediate consequences, and repeated 

opportunities for success (Sailer & Homner, 2020). 

Mathematics-focused reviews similarly associate 

game-based learning with improved knowledge, skills, 

attitudes, motivation, interest, and engagement, 

although outcomes vary across designs and learner 

groups (Hui & Mahmud, 2023; Vankúš, 2021). Recent 

reviews further stress that teachers must maintain an 

explicit connection between gameplay and the intended 

mathematical concept to prevent play from becoming 

detached from learning (Debrenti, 2024; Hidayat et al., 

2024). 

 Teacher facilitation was crucial to sustaining this 

connection. The teacher explained the rules, supported 

students experiencing difficulty, encouraged strategy 

comparison, and guided the final generalisation of 

multiplication concepts. Learners benefit most from 
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scaffolding that clarifies the mathematical demands of 

a game without removing their responsibility for 

solving problems (Sun et al., 2021). Thus, the 

intervention’s success cannot be attributed to the cards 

alone but to the interaction among game design, 

GASING sequencing, teacher scaffolding, peer 

communication, reflection, and explicit mathematical 

generalization. 

5.4 Understanding the Magnitude and 

Distribution of Improvement 

 The magnitude of the observed improvement 

warrants both recognition and caution. The normalized 

gain of 0.71 indicates that students achieved a large 

proportion of the improvement available between their 

baseline performance and the maximum score. The 

effect size of (d = 2.93) is also substantially larger than 

the small to moderate average effects commonly 

reported in broader syntheses of game-based and 

digital STEM learning (Gui et al., 2023; Kacmaz & 

Dubé, 2022; Wang et al., 2022). One plausible 

interpretation is that the intervention combined several 

mutually reinforcing components rather than relying on 

a single game mechanism. Students received concrete 

representations, graded practice, peer interaction, 

pattern exploration, teacher scaffolding, reflection, and 

repeated opportunities to apply problem-solving 

strategies. The initially low baseline scores may also 

have provided substantial room for improvement, 

while close alignment between the instructional 

activities and the assessment indicators may have 

strengthened the measured gains. 

 Nevertheless, this unusually large effect should not 

be interpreted as evidence that the intervention would 

invariably produce the same magnitude of 

improvement in other settings. Research syntheses 

demonstrate that game-based outcomes vary according 

to pedagogical approach, mathematical content, game 

mechanics, teacher support, duration, learner 

characteristics, and the comparison condition (Gui et 

al., 2023; Hussein et al., 2022; Kacmaz & Dubé, 2022). 

Digital and non-digital games may also generate 

different patterns of cognitive load, feedback, social 

interaction, and motivation, making direct comparisons 

difficult (Talan et al., 2020). Moreover, studies of 

educational mathematics games have sometimes 

produced mixed cognitive and non-cognitive outcomes, 

illustrating that engagement does not automatically 

guarantee conceptual improvement (Vanbecelaere et 

al., 2020). The present effect size may therefore 

represent the combined influence of the instructional 

intervention, the low initial scores, repeated exposure 

to similarly structured assessments, and context-

specific implementation conditions. 

 The time-series evidence also requires 

proportionate interpretation. Repeated pre-intervention 

and post-intervention measurements provide a stronger 

description of temporal change than a single pretest and 

posttest because they allow baseline stability and post-

intervention development to be observed. However, the 

analysis was based on only six measurement occasions 

and fitted four regression parameters to the aggregate 

occasion means. The near-perfect (R^2) should 

consequently be interpreted as evidence of close model 

fit within these six observations, not as proof that 

virtually all variation in students’ mathematical 

performance was explained by the intervention. 

Interrupted time-series analyses are generally 

strengthened by a larger number of observations, 

examination of autocorrelation and seasonality, and the 

inclusion of a concurrent comparison series when 

feasible (Schaffer et al., 2021). The immediate level 

change is therefore the strongest component of the 

segmented-regression evidence, whereas the non-

significant pre-intervention and post-intervention trend 

coefficients should be discussed descriptively rather 

than treated as confirmed trend effects.  

5.5 Implementation Fidelity and Potential 

Inclusiveness 

 The implementation-fidelity mean of 90.5% 

provides additional support for the internal coherence 

of the findings. Teacher activity, student activity, game 

use, and collaboration were implemented at high levels, 

suggesting that the instructional procedure was 

generally enacted as planned. This evidence is 

important because a strong intervention outcome 

cannot be interpreted meaningfully without 

determining whether the intended instructional 

components were actually delivered. The high game-

use score of 95.3% indicates that the card activity 

occupied a clear role in the intervention, while the 

collaboration score of 89.7% suggests that peer 

interaction was consistently incorporated. Reflection 

obtained the lowest component score at 84.2%, 

although it still remained within the very-good 

category. This comparatively lower result indicates 

that reflective explanation may require further 

instructional attention because students can become 

absorbed in completing game challenges without fully 

verbalizing the principles underlying their strategies. 

 The narrowing of score dispersion by the third post-

intervention measurement also deserves attention. The 

standard deviation declined from 23.14 at the first 

posttest to 16.73 at the third, while the minimum score 

increased from 4 to 27. This pattern suggests that 

continued participation may have benefited not only 

initially successful students but also learners who 

began the post-intervention phase with comparatively 

weak performance. The interpretation remains 

tentative because changes in subgroup achievement 

were not formally tested. Nevertheless, the 

collaborative, concrete, and comparatively low-risk 

learning environment may have enabled struggling 

students to attempt strategies without experiencing the 

evaluative pressure commonly associated with 

conventional mathematics exercises. This possibility is 

educationally important because mathematics anxiety 
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is consistently associated with lower achievement, 

reduced self-esteem, avoidance, and reluctance to 

participate in problem-solving activities (Barroso et al., 

2021; Su & Guo, 2022; Wei & Yi, 2025).  

 Repeated experiences of confusion or failure may 

intensify these effects, making emotional safety 

essential to effective mathematics instruction. 

However, enjoyment must remain connected to 

meaningful cognitive engagement rather than 

becoming an end in itself. Cognitive-behavioural 

interventions and related psychosocial support can 

reduce mathematics anxiety while improving 

engagement and achievement (Ojo et al., 2023; Wei & 

Yi, 2025). At the school level, successful adoption 

requires teacher preparation, collaborative planning, 

and sustained facilitation because educational 

innovations often weaken when instructional principles 

are transferred without sufficient implementation 

support (Rösken-Winter et al., 2021; Hawes et al., 

2021; Mandhasari, 2026). Approaches that strengthen 

teacher knowledge, provide reflective support, 

encourage collaborative learning, and promote a 

growth mindset have produced positive outcomes for 

both teachers and students (Hawes et al., 2021; 

Mandhasari, 2026). 

5.6 Research Gaps, Novelty, and Implications 

 The present study addresses several gaps in 

mathematics game-based learning. First, much of the 

international literature has concentrated on digital 

games, whereas the potential of low-cost physical card 

games to support mathematical discourse, face-to-face 

collaboration, and representational movement remains 

less extensively investigated (Bertram, 2020; Hussein 

et al., 2022; Talan et al., 2020). Second, many previous 

studies have examined achievement or motivation as 

separate outcomes without explaining how gameplay, 

representational sequencing, teacher scaffolding, 

reflection, and problem-solving processes operate as an 

integrated pedagogical system. Third, mathematics 

games are frequently designed around drill, factual 

recall, and behavioural reinforcement even when their 

stated objectives include conceptual understanding 

(Kacmaz & Dubé, 2022). Fourth, one-time pretest-

posttest comparisons continue to dominate classroom 

intervention studies, limiting the ability to distinguish 

an immediate score difference from a developing 

pattern of change. 

 The novelty of this study lies in addressing these 

gaps through the integration of pedagogical deep 

learning, GASING sequencing, a physical mathematics 

card game, collaborative numeracy discourse, and 

Polya-oriented problem-solving assessment across six 

elementary schools. The cards were not used solely to 

increase enjoyment or repetitive fluency. They were 

embedded within a sequence of orientation, concrete 

exploration, pattern discovery, group discussion, 

reflection, and conceptual generalization. The study 

also combined repeated outcome measurements with 

implementation-fidelity observations, thereby linking 

changes in performance with evidence about how the 

intervention was enacted. To the extent supported by 

the available literature, this integrated configuration 

remains underrepresented in elementary mathematics 

research. The contribution is therefore both 

pedagogical and methodological: it demonstrates how 

a culturally recognizable, accessible instructional 

method can be redesigned as a deep-learning 

environment and evaluated through more than a single 

before-and-after measurement. 

 These findings carry practical implications for 

teachers, schools, and curriculum developers. Teachers 

can employ carefully designed card games to elicit 

explanations, expose alternative strategies, and make 

numerical structures visible, but they should explicitly 

connect every game action to the intended 

mathematical concept. Reflection should be 

strengthened by asking students to explain why a 

strategy works, compare efficient and inefficient 

solutions, identify errors, and represent the same 

relationship in different forms. Schools can incorporate 

similar games into numeracy programmes because 

physical cards require limited technological 

infrastructure and can be adapted to varied classroom 

conditions. However, successful scaling requires 

teacher development in scaffolding, formative 

questioning, mathematical representation, and 

classroom facilitation rather than the distribution of 

game materials alone. For curriculum developers, the 

intervention illustrates how deep learning can be 

operationalized through concrete tasks that integrate 

conceptual understanding, communication, 

collaboration, critical reasoning, and reflection. These 

implications support the Merdeka Curriculum’s 

movement away from content transmission toward 

meaningful, learner-centred, and competency-oriented 

mathematics instruction. 

5.7 Study Boundaries and Future Research 

 Several boundaries should guide the interpretation 

and extension of these findings. The absence of a 

control group prevents firm exclusion of maturation, 

repeated-testing effects, teacher expectancy, and other 

concurrent influences. The intervention addressed only 

multiplication, was implemented within one regency, 

and was observed for a relatively short period. The use 

of three measurements in each phase improves on a 

single pretest-posttest design but remains insufficient 

for comprehensive time-series diagnostics. Future 

studies should therefore employ randomized or 

matched comparison groups, controlled interrupted 

time-series designs, and a larger number of pre-

intervention and post-intervention observations. 

Delayed posttests should examine whether the gains 

persist after the novelty of the game has diminished.  

 The model should be further tested across a wider 

range of mathematical topics and in diverse rural, urban, 

multilingual, inclusive, and socioeconomic educational 
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contexts to assess its broader applicability and 

effectiveness. Comparative studies could evaluate 

physical, digital, and blended games under equivalent 

content and instructional time. Future research should 

also examine whether conceptual understanding, 

discourse, self-efficacy, engagement, cognitive load, 

mathematics anxiety, and peer support mediate gains in 

problem-solving achievement. Finally, process-

oriented research using video observation, student 

interviews, written strategy analysis, and teacher 

reflection should identify which GASING and game 

components produce durable learning and which 

require redesign for different learners and educational 

contexts. 

6. Conclusions 

This study demonstrates that a structured sequence 

of play, reflection, and problem solving can transform 

elementary multiplication learning from procedural 

practice into an active process of conceptual reasoning. 

The integration of pedagogical deep learning, 

GASING sequencing, and a physical mathematics card 

game produced a stable pre-intervention baseline 

followed by a substantial and sustained improvement 

in students’ mathematical problem-solving 

performance. Mean scores increased from 22.61 before 

the intervention to 77.72 afterward, segmented 

regression identified a large immediate level change (β₂ 

= 46.83, p < .001), the normalized gain was high (g = 

0.71), and the effect size was very large (d = 2.93). 

Improvements occurred across all six participating 

schools, while the implementation-fidelity score of 

90.5% confirmed that the instructional model was 

delivered consistently.  

The study’s novelty lies in combining concrete card 

manipulation, pattern discovery, collaborative strategy 

construction, mathematical explanation, reflection, and 

symbolic generalisation within one accessible 

instructional architecture, while evaluating change 

through repeated measurements rather than a single 

pretest-posttest comparison. These findings indicate 

that low-cost physical games can function as 

intellectually demanding learning environments when 

gameplay is explicitly connected to mathematical 

reasoning and teacher scaffolding. For teachers and 

schools, the model offers a practical approach to 

strengthening numeracy, participation, and 

mathematical communication; for curriculum 

developers, it illustrates how meaningful, mindful, and 

joyful learning can be operationalised within learner-

centred mathematics instruction. Future studies should 

examine the model through controlled or randomized 

designs, longer intervention periods, and more 

measurement occasions, while extending its 

application to fractions, geometry, measurement, 

algebraic reasoning, mathematical creativity, anxiety, 

motivation, and long-term retention across diverse 

educational contexts.  

 

References 

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 

Beltrán-Pellicer, P., & Alsina, Á. (2022). La 

competencia matemática en el currículo español 

de educación primaria. Márgenes, Revista de 

Educación de la Universidad de Málaga, 3(2), 

31–58. 

https://doi.org/10.24310/mgnmar.v3i2.14693 

Bernal, J. L., Cummins, S., & Gasparrini, A. (2017). 

Interrupted time series regression for the 

evaluation of public health interventions. 

International Journal of Epidemiology, 46(1), 

348–355. https://doi.org/10.1093/ije/dyw098  

Bertram, L. (2020). Digital learning games for 

mathematics and computer science education: 

The need for preregistered RCTs, standardized 

methodology, and advanced technology. 

Frontiers in Psychology, 11, Article 2127. 

https://doi.org/10.3389/fpsyg.2020.02127 

Björklund, C., Ekdahl, A.-L., & Runesson Kempe, U. 

(2021). Implementing a structural approach in 

preschool number activities: Principles of an 

intervention program reflected in learning. 

Mathematical Thinking and Learning, 23(1), 72–

94. 

https://doi.org/10.1080/10986065.2020.1756027 

Brezovszky, B., McMullen, J., Veermans, K., 

Hannula-Sormunen, M. M., Rodríguez-Aflecht, 

G., Pongsakdi, N., Laakkonen, E., & Lehtinen, E. 

(2019). Effects of a mathematics game-based 

learning environment on primary school students’ 

adaptive number knowledge. Computers & 

Education, 128, 63–74. 

https://doi.org/10.1016/j.compedu.2018.09.011 

Byun, J., & Joung, E. (2018). Digital game-based 

learning for K–12 mathematics education: A 

meta-analysis. School Science and Mathematics, 

118(3–4), 113–126. 

https://doi.org/10.1111/ssm.12271  

Castro Hernández, J. (2022). El estado de la 

alfabetización matemática: Análisis desde las 

producciones y las subjetividades. Revista 

Venezolana de Investigación en Educación 

Matemática, 2(3), Article e202210. 

https://doi.org/10.54541/reviem.v2i3.31 

Chen, P., Hwang, G.-J., Yeh, S.-Y., & Chen, Y.-T. 

(2022). Three decades of game-based learning in 

science and mathematics education: An 

integrated bibliometric analysis and systematic 

review. Journal of Computers in Education, 9, 

https://doi.org/10.1037/bul0000307
https://doi.org/10.24310/mgnmar.v3i2.14693
https://doi.org/10.1093/ije/dyw098
https://doi.org/10.3389/fpsyg.2020.02127
https://doi.org/10.1080/10986065.2020.1756027
https://doi.org/10.1016/j.compedu.2018.09.011
https://doi.org/10.1111/ssm.12271
https://doi.org/10.54541/reviem.v2i3.31


  

   

200 

 

455–476. https://doi.org/10.1007/s40692-021-

00210-y  

Coronata, C., & Alsina, Á. (2012). Hacia la 

alfabetización numérica en educación infantil: 

Algunos avances en Chile y España. Edma 0-6: 

Educación Matemática en la Infancia, 1(2), 42–

56. https://doi.org/10.24197/edmain.2.2012.42-

56 

Debrenti, E. (2024). Game-based learning experiences 

in primary mathematics education. Frontiers in 

Education, 9, Article 1331312. 

https://doi.org/10.3389/feduc.2024.1331312 

Díaz, L. M., & Careaga, M. P. (2021). Análisis acerca 

de la resolución de problemas matemáticos en 

contexto: Estado del arte y reflexiones 

prospectivas. Espacios, 42(1), 131–145. 

https://doi.org/10.48082/espacios-a21v42n01p11 

Ezeamuzie, N. O. (2023). Abstractive-based 

programming approach to computational 

thinking: Discover, extract, create, and assemble. 

Journal of Educational Computing Research, 

61(3), 605–638. 

https://doi.org/10.1177/07356331221134423 

Feriyanto, F., & Anjariyah, D. (2024). Deep learning 

approach through meaningful, mindful, and 

joyful learning: A library research. Electronic 

Journal of Education, Social Economics and 

Technology, 5(2), 96–103. 

https://doi.org/10.33122/ejeset.v5i2.321  

Fernandes, J. F., Brandão, T., Almeida, S. M., & 

Santana, P. (2023). An educational game to teach 

children about air quality using augmented reality 

and tangible interaction with sensors. 

International Journal of Environmental Research 

and Public Health, 20(5), Article 3814. 

https://doi.org/10.3390/ijerph20053814 

Fullan, M., Quinn, J., & McEachen, J. (2018). Deep 

learning: Engage the world change the world. 

Corwin. 

https://doi.org/10.4135/9781506368603 

Fyfe, E. R., & Nathan, M. J. (2019). Making 

“concreteness fading” more concrete as a theory 

of instruction for promoting transfer. Educational 

Review, 71(4), 403–422. 

https://doi.org/10.1080/00131911.2018.1424116 

Gui, Y., Cai, Z., Yang, Y., Kong, L., Fan, X., & Tai, R. 

H. (2023). Effectiveness of digital educational 

game and game design in STEM learning: A 

meta-analytic review. International Journal of 

STEM Education, 10, Article 36. 

https://doi.org/10.1186/s40594-023-00424-9 

Hattie, J. (2023). Visible learning: The sequel — A 

synthesis of over 2,100 meta-analyses relating to 

achievement. Routledge. 

https://doi.org/10.4324/9781003380542  

Hawes, Z., Merkley, R., Stager, C. L., & Ansari, D. 

(2021). Integrating numerical cognition research 

and mathematics education to strengthen the 

teaching and learning of early number. British 

Journal of Educational Psychology, 91(4), 1073–

1109. https://doi.org/10.1111/bjep.12421 

Hayati, Z., Satriani, N., Raharti, N., & Hijriati. (2024). 

GASING mathematics instruction for enhancing 

problem-solving skills in elementary school 

students. Genderang Asa: Journal of Primary 

Education, 5(2), 25–36. 

https://doi.org/10.47766/jga.v5i2.3484  

Hayden, S. M., Kearney, K., & Gubbins, E. J. (2024). 

Teachers’ perceptions of mathematical discourse. 

Journal of Advanced Academics, 35(4), 576–612. 

https://doi.org/10.1177/1932202X241236381 

Hidayat, R., Qi, T. Y., Ariffin, P. N. B. T., Hadzri, M. 

H. B. M., Chin, L. M., Ning, J. L. X., & Nasir, N. 

(2024). Online game-based learning in 

mathematics education among Generation Z: A 

systematic review. International Electronic 

Journal of Mathematics Education, 19(1), Article 

em0763. https://doi.org/10.29333/iejme/14024 

Higgins, J., & Parsons, R. (2021). Instructional coaches’ 

framing of a mathematics reform. International 

Journal of Mentoring and Coaching in Education, 

10(4), 435–448. https://doi.org/10.1108/IJMCE-

01-2021-0013 

Hui, H. B., & Mahmud, M. S. (2023). Influence of 

game-based learning in mathematics education 

on the students’ cognitive and affective domain: 

A systematic review. Frontiers in Psychology, 14, 

Article 1105806. 

https://doi.org/10.3389/fpsyg.2023.1105806 

Hulse, T., Daigle, M., Manzo, D., Braith, L., Harrison, 

A., & Ottmar, E. (2019). From here to there! 

Elementary: A game-based approach to 

developing number sense and early algebraic 

understanding. Educational Technology 

Research and Development, 67(2), 423–441. 

https://doi.org/10.1007/s11423-019-09653-8 

Hussein, M. H., Ow, S. H., Elaish, M. M., & Jensen, E. 

O. (2022). Digital game-based learning in K-12 

mathematics education: A systematic literature 

review. Education and Information Technologies, 

27(2), 2859–2891. 

https://doi.org/10.1007/s10639-021-10721-x 

Kacmaz, G., & Dubé, A. K. (2022). Examining 

pedagogical approaches and types of 

mathematics knowledge in educational games: A 

meta-analysis and critical review. Educational 

Research Review, 35, Article 100428. 

https://doi.org/10.1016/j.edurev.2021.100428 

Kaya, S., & Yildiz, N. G. (2024). Using the concrete–

representational–abstract sequence to teach math 

https://doi.org/10.1007/s40692-021-00210-y
https://doi.org/10.1007/s40692-021-00210-y
https://doi.org/10.24197/edmain.2.2012.42-56
https://doi.org/10.24197/edmain.2.2012.42-56
https://doi.org/10.3389/feduc.2024.1331312
https://doi.org/10.48082/espacios-a21v42n01p11
https://doi.org/10.1177/07356331221134423
https://doi.org/10.33122/ejeset.v5i2.321
https://doi.org/10.3390/ijerph20053814
https://doi.org/10.4135/9781506368603
https://doi.org/10.1080/00131911.2018.1424116
https://doi.org/10.1186/s40594-023-00424-9
https://doi.org/10.4324/9781003380542
https://doi.org/10.1111/bjep.12421
https://doi.org/10.47766/jga.v5i2.3484
https://doi.org/10.1177/1932202X241236381
https://doi.org/10.29333/iejme/14024
https://doi.org/10.1108/IJMCE-01-2021-0013
https://doi.org/10.1108/IJMCE-01-2021-0013
https://doi.org/10.3389/fpsyg.2023.1105806
https://doi.org/10.1007/s11423-019-09653-8
https://doi.org/10.1007/s10639-021-10721-x
https://doi.org/10.1016/j.edurev.2021.100428


  

   

201 

 

skills to a student with autism spectrum disorder 

in a general education classroom. International 

Journal of Developmental Disabilities, 70(8), 

1398–1409. 

https://doi.org/10.1080/20473869.2023.2180539  

Kim, H. (2020). Concreteness fading strategy: A 

promising and sustainable instructional model in 

mathematics classrooms. Sustainability, 12(6), 

2211. https://doi.org/10.3390/su12062211  

Kim, H., & Clasing-Manquian, P. (2023). Quasi-

experimental methods: Principles and application 

in higher education research. In J. Huisman & M. 

Tight (Eds.), Theory and method in higher 

education research (Vol. 9, pp. 43–62). Emerald 

Publishing. https://doi.org/10.1108/S2056-

375220230000009003  

Kokkonen, T., & Schalk, L. (2021). One instructional 

sequence fits all? A conceptual analysis of the 

applicability of concreteness fading in 

mathematics, physics, chemistry, and biology 

education. Educational Psychology Review, 33(3), 

797–821. https://doi.org/10.1007/s10648-020-

09581-7 

Loibl, K., Roll, I., & Rummel, N. (2017). Towards a 

theory of when and how problem solving 

followed by instruction supports learning. 

Educational Psychology Review, 29(4), 693–715. 

https://doi.org/10.1007/s10648-016-9379-x 

Mandhasari, Z. R., & Rofiki, I. (2026). Bridging 

mathematics anxiety and SDGs: A systematic 

literature review on strategies for achieving 

quality education and lifelong learning. Journal 

of Physics: Conference Series, 3276(1), Article 

012022. https://doi.org/10.1088/1742-

6596/3276/1/012022 

Nand, K., Baghaei, N., Casey, J., Barmada, B., 

Mehdipour, F., & Liang, H. N. (2019). Engaging 

children with educational content via 

gamification. Smart Learning Environments, 6, 

Article 6. https://doi.org/10.1186/s40561-019-

0085-2 

National Council of Teachers of Mathematics. (2000). 

Principles and standards for school mathematics. 

OECD. (2023). PISA 2022 results (Volume I): The 

state of learning and equity in education. OECD 

Publishing. https://doi.org/10.1787/53f23881-en  

Ojo, A., Oginni, O. G., Akinrinola, O. E., & Oginni, R. 

I. (2023). Impact of cognitive-behavioral 

intervention on alleviating depression and anxiety 

in mathematics: Enhancing students’ learning 

experience and academic performance. Voice of 

the Publisher, 9(4), 257–271. 

https://doi.org/10.4236/vp.2023.94020 

Panis, I. C., Setyosari, P., Kuswandi, D., & Yuliati, L. 

(2020). Design gamification models in higher 

education: A study in Indonesia. International 

Journal of Emerging Technologies in Learning 

(iJET), 15(12), 244–255. 

https://doi.org/10.3991/ijet.v15i12.13965 

Pereira, L. A., Leão, L. L. dos S., Dermeval, D., & 

Coelho, J. A. P. de M. (2023). ECG Tutor: A 

gamified intelligent tutoring system for 

electrocardiogram teaching. Revista Brasileira de 

Educação Médica, 47(2), Article e080. 

https://doi.org/10.1590/1981-5271v47.2-2022-

0332.ing 

Piaget, J., & Inhelder, B. (1969). The psychology of the 

child (H. Weaver, Trans.). Basic Books. (Original 

work published 1966) 

Planas, N. (2018). Language as resource: A key notion 

for understanding the complexity of mathematics 

learning. Educational Studies in Mathematics, 

98(3), 215–229. https://doi.org/10.1007/s10649-

018-9810-y 

Polya, G. (2004). How to solve it: A new aspect of 

mathematical method. Princeton University Press. 

Prosser, S. K., & Bismarck, S. F. (2023). Concrete–

representational–abstract (CRA) instructional 

approach in an Algebra I inclusion class: 

Knowledge retention versus students' perception. 

Education Sciences, 13(10), 1061. 

https://doi.org/10.3390/educsci13101061  

Rumajar, J. R., Pulukadang, R. J., & Manurung, O. 

(2024). Pembelajaran GASING pada materi 

perkalian bilangan bulat: Pengaruh dan 

dampaknya terhadap hasil belajar siswa. Jurnal 

Riset dan Inovasi Pembelajaran, 4(3), 2127–

2139. https://doi.org/10.51574/jrip.v4i3.2356  

Rösken-Winter, B., Stahnke, R., Prediger, S., & 

Gasteiger, H. (2021). Towards a research base for 

implementation strategies addressing 

mathematics teachers and facilitators. ZDM – 

Mathematics Education, 53(5), 1007–1019. 

https://doi.org/10.1007/s11858-021-01220-x 

Sailer, M., & Homner, L. (2020). The gamification of 

learning: A meta-analysis. Educational 

Psychology Review, 32(1), 77–112. 

https://doi.org/10.1007/s10648-019-09498-w 

Schaffer, A. L., Dobbins, T. A., & Pearson, S.-A. 

(2021). Interrupted time series analysis using 

autoregressive integrated moving average 

(ARIMA) models: A guide for evaluating large-

scale health interventions. BMC Medical 

Research Methodology, 21, Article 58. 

https://doi.org/10.1186/s12874-021-01235-8 

Schwerter, J., Lauermann, F., Dimpfl, T., & Bernacki, 

M. L. (2026). Retrieval practice in higher 

education: Causality and content transfer effects 

in a gateway math course. Journal of Educational 

https://doi.org/10.1080/20473869.2023.2180539
https://doi.org/10.3390/su12062211
https://doi.org/10.1108/S2056-375220230000009003
https://doi.org/10.1108/S2056-375220230000009003
https://doi.org/10.1007/s10648-020-09581-7
https://doi.org/10.1007/s10648-020-09581-7
https://doi.org/10.1007/s10648-016-9379-x
https://doi.org/10.1088/1742-6596/3276/1/012022
https://doi.org/10.1088/1742-6596/3276/1/012022
https://doi.org/10.1186/s40561-019-0085-2
https://doi.org/10.1186/s40561-019-0085-2
https://doi.org/10.1787/53f23881-en
https://doi.org/10.4236/vp.2023.94020
https://doi.org/10.3991/ijet.v15i12.13965
https://doi.org/10.1590/1981-5271v47.2-2022-0332.ing
https://doi.org/10.1590/1981-5271v47.2-2022-0332.ing
https://doi.org/10.1007/s10649-018-9810-y
https://doi.org/10.1007/s10649-018-9810-y
https://doi.org/10.3390/educsci13101061
https://doi.org/10.51574/jrip.v4i3.2356
https://doi.org/10.1007/s11858-021-01220-x
https://doi.org/10.1007/s10648-019-09498-w
https://doi.org/10.1186/s12874-021-01235-8


  

   

202 

 

Psychology. Advance online publication. 

https://doi.org/10.1037/edu0001042 

Smit, R., Dober, H., Hess, K., Bachmann, P., & Birri, 

T. (2023). Supporting primary students’ 

mathematical reasoning practice: The effects of 

formative feedback and the mediating role of self-

efficacy. Research in Mathematics Education, 

25(3), 277–300. 

https://doi.org/10.1080/14794802.2022.2062780 

Sterner, G., Wolff, U., & Helenius, O. (2020). 

Reasoning about representations: Effects of an 

early math intervention. Scandinavian Journal of 

Educational Research, 64(5), 782–800. 

https://doi.org/10.1080/00313831.2019.1600579 

Su, X., & Guo, Z. (2022). An analysis of the effect of 

teacher’s behavior on mathematics anxiety and 

the role of intervention programs [Preprint]. 

Research Square. 

https://doi.org/10.21203/rs.3.rs-1849718/v1 

Sun, L., Ruokamo, H., Siklander, P., Li, B., & Devlin, 

K. (2021). Primary school students’ perceptions 

of scaffolding in digital game-based learning in 

mathematics. Learning, Culture and Social 

Interaction, 28, Article 100457. 

https://doi.org/10.1016/j.lcsi.2020.100457 

Talan, T., Doğan, Y., & Batdı, V. (2020). Efficiency of 

digital and non-digital educational games: A 

comparative meta-analysis and a meta-thematic 

analysis. Journal of Research on Technology in 

Education, 52(4), 474–514. 

https://doi.org/10.1080/15391523.2020.1743798 

Tokac, U., Novak, E., & Thompson, C. G. (2019). 

Effects of game-based learning on students’ 

mathematics achievement: A meta-analysis. 

Journal of Computer Assisted Learning, 35(3), 

407–420. https://doi.org/10.1111/jcal.12347 

Vanbecelaere, S., Van den Berghe, K., Cornillie, F., 

Sasanguie, D., Reynvoet, B., & Depaepe, F. 

(2020). The effects of two digital educational 

games on cognitive and non-cognitive math and 

reading outcomes. Computers & Education, 143, 

Article 103680. 

https://doi.org/10.1016/j.compedu.2019.103680 

Vankúš, P. (2021). Influence of game-based learning in 

mathematics education on students’ affective 

domain: A systematic review. Mathematics, 9(9), 

Article 986. 

https://doi.org/10.3390/math9090986 

Vásquez Ortiz, C., Coronata Segure, C., & Rivas 

Catricheo, H. (2021). Enseñanza de la estadística 

y la probabilidad de los 4 a los 8 años de edad: 

Una aproximación desde los procesos 

matemáticos en libros de texto chilenos. PNA, 

15(4), 339–365. 

https://doi.org/10.30827/pna.v15i4.22512 

Vizcaya, L. M. F., & Rojas Velásquez, O. de J. (2024). 

Enseñanza de la teoría de grafos en la escuela 

secundaria basada en la modelación geométrica y 

la resolución de problemas. Contribuciones a las 

Ciencias Sociales, 17(1), 6378–6399. 

https://doi.org/10.55905/revconv.17n.1-383 

Vygotsky, L. S. (1978). Mind in society: The 

development of higher psychological processes 

(M. Cole, V. John-Steiner, S. Scribner, & E. 

Souberman, Eds.). Harvard University Press. 

Wang, J., & Guo, L. (2026). Beyond personality traits: 

A motivation–self-regulation model of 

mathematical problem-solving through self-

efficacy and mathematical thinking. Frontiers in 

Psychology, 17, Article 1803867. 

https://doi.org/10.3389/fpsyg.2026.1803867 

Wang, L.-H., Chen, B., Hwang, G.-J., Guan, J.-Q., & 

Wang, Y.-Q. (2022). Effects of digital game-

based STEM education on students' learning 

achievement: A meta-analysis. International 

Journal of STEM Education, 9, 26. 

https://doi.org/10.1186/s40594-022-00344-0  

Wei, Y., & Zhang, Y. (2025). Exploration of factors 

affecting Australian students’ mathematics 

grades: A multiple regression analysis based on 

PISA 2022 data. Frontiers in Psychology, 16, 

Article 1611350. 

https://doi.org/10.3389/fpsyg.2025.1611350 

Weinhandl, R., Houghton, T., & Lavicza, Z. (2021). A 

case study on learning basic logical competencies 

when utilising technologies and real-world 

objects. Education and Information Technologies, 

26(1), 639–653. https://doi.org/10.1007/s10639-

020-10282-5 

Wu, S. (2024). Exploring teaching methods and 

strategies in teaching Chinese as a second 

language. In Proceedings of the 3rd International 

Conference on Education, Language and Art 

(ICELA 2023) (pp. 687–693). Atlantis Press. 

https://doi.org/10.2991/978-2-38476-214-9_81 

Yamaguchi, J. A. R. (2025). Voice to validation: An 

epistemic-legitimation cycle for pluriversal 

mathematics education. Policy Futures in 

Education, 23(8), 1468–1489. 

https://doi.org/10.1177/14782103251367219 

Yang, J., Özbek, G., Liang, S., & Cho, S. (2023). 

Effective teaching strategies for teaching 

mathematics to young gifted English learners. 

Gifted Education International, 39(2), 226–246. 

https://doi.org/10.1177/02614294231165121 

Yeh, C. Y. C., Cheng, H. N. H., Chen, Z. H., Liao, C. 

C. Y., & Chan, T. W. (2019). Enhancing 

achievement and interest in mathematics learning 

through Math-Island. Research and Practice in 

https://doi.org/10.1037/edu0001042
https://doi.org/10.1080/14794802.2022.2062780
https://doi.org/10.1080/00313831.2019.1600579
https://doi.org/10.21203/rs.3.rs-1849718/v1
https://doi.org/10.1016/j.lcsi.2020.100457
https://doi.org/10.1080/15391523.2020.1743798
https://doi.org/10.1111/jcal.12347
https://doi.org/10.1016/j.compedu.2019.103680
https://doi.org/10.3390/math9090986
https://doi.org/10.30827/pna.v15i4.22512
https://doi.org/10.55905/revconv.17n.1-383
https://doi.org/10.3389/fpsyg.2026.1803867
https://doi.org/10.1186/s40594-022-00344-0
https://doi.org/10.3389/fpsyg.2025.1611350
https://doi.org/10.1007/s10639-020-10282-5
https://doi.org/10.1007/s10639-020-10282-5
https://doi.org/10.2991/978-2-38476-214-9_81
https://doi.org/10.1177/14782103251367219
https://doi.org/10.1177/02614294231165121


  

   

203 

 

Technology Enhanced Learning, 14, Article 5. 

https://doi.org/10.1186/s41039-019-0100-9 

Yu, Z., Gao, M., & Wang, L. (2021). The effect of 

educational games on learning outcomes, student 

motivation, engagement, and satisfaction. 

Journal of Educational Computing Research, 

59(3), 522–546. 

https://doi.org/10.1177/0735633120969214 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1186/s41039-019-0100-9
https://doi.org/10.1177/0735633120969214

