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Abstract 

Mathematical problem-solving is an essential competency in elementary education, yet students often experience 

difficulties when solving problems involving Least Common Multiple (LCM) and Greatest Common Factor 

(GCF). This study compared changes in mathematical problem-solving performance between Grade IV students 

receiving Edu-Board Game-Assisted Student Teams Achievement Divisions (STAD) and those receiving 

Problem-Based Learning (PBL) supported by ice-cream-stick manipulatives. A quasi-experimental nonequivalent 

pretest-posttest design involved 60 students from two intact classes, with 30 students in each instructional 

condition. Mathematical problem-solving was assessed using five constructed-response problems based on four 

problem-solving stages. Both groups showed substantial improvement from pretest to posttest. The experimental 

group increased from a mean of 41.33 to 73.67, while the comparison group increased from 26.27 to 60.53. The 

groups differed significantly at baseline, t(43.76) = -4.77, p < .001. After accounting for pretest performance, the 

adjusted posttest difference favored the experimental condition but was not statistically significant, B = 4.04, 95% 

CI [-0.53, 8.60], F(1, 57) = 3.14, p = .082, partial eta squared = .052. Supplementary analysis showed higher N-

Gain in the experimental group (57.12%) than in the comparison group (46.34%), t(58) = 3.30, p = .002, Cohen’s 

d = 0.851. These findings indicate that Edu-Board Game-Assisted STAD represents a viable active approach for 

elementary mathematical problem solving, although its adjusted advantage over active PBL was not statistically 

established. 
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INTRODUCTION 

Mathematical problem-solving is a central competency in elementary mathematics 

because it requires students not only to recall procedures but also to understand a problem, 
select an appropriate strategy, carry out the solution, and evaluate the result. This competency 

becomes increasingly important in Grade IV, when students begin to encounter more complex 

and application-oriented topics, including Least Common Multiple (LCM) and Greatest 
Common Factor (GCF), that require reasoning beyond routine arithmetic procedures (Pólya, 

1957). Developing problem-solving competence at this stage is important because it provides 
a foundation for subsequent mathematical learning and enables students to connect 

mathematical ideas with situations encountered in everyday life (Santos-Trigo, 2024; Siswanto 

& Meiliasari, 2024; Vicente et al., 2022). Evidence from Indonesian elementary education 
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nevertheless indicates that students continue to experience difficulties with numeracy 

problems, particularly those involving number operations, division, and LCM in the Minimum 
Competency Assessment (AKM) (Nurarini & Mariana, 2024). Similar evidence indicates that 

elementary students’ success in mathematical problem solving is influenced by the linguistic, 
numerical, and representational characteristics of the problems they encounter (Vessonen et 

al., 2024; Wisenöcker et al., 2024). These findings suggest that strengthening mathematical 

problem-solving should remain an important instructional priority in elementary education.  
Persistent difficulties in mathematical problem-solving are evident in students’ ability to 

interpret information, determine appropriate solution strategies, and carry out procedures 
accurately. Elementary students may struggle to identify relevant information in word 

problems, coordinate multiple cognitive demands, and determine the mathematical procedures 

required to reach a solution (Huang et al., 2024; Prang et al., 2024; Sagita et al., 2023; 
Strohmaier et al., 2022; Vessonen et al., 2024). Such difficulties may become more pronounced 

when students encounter problems that differ from previously practiced examples and therefore 
require flexible rather than reproductive reasoning (Säfström et al., 2024; Žakelj et al., 2025). 

At the instructional level, mathematics learning is also frequently characterized by teacher-

centered explanation, routine assignments, and repeated exercises that offer limited 
opportunities for students to discuss, explore, and construct solutions actively (Asmedy, 2021; 

Bramantha & Meliandani, 2024). Under these conditions, students may have relatively few 
opportunities to articulate mathematical reasoning, compare alternative strategies, or test their 

understanding collaboratively. Research on teaching through problem solving emphasizes the 

importance of providing students with opportunities to develop, explain, compare, and reflect 
on solution strategies rather than focusing primarily on obtaining correct answers (Roorda et 

al., 2024; Stewart & Ball, 2023). Instructional media may therefore be useful when they are 
embedded within pedagogical approaches that encourage active participation rather than used 

merely as supplementary classroom materials (Damayanti et al., 2025).  

One pedagogical approach that may provide such opportunities is Student Teams 
Achievement Divisions (STAD), a form of cooperative learning that organizes students into 

small teams while maintaining individual accountability through structured learning activities 
and assessment. Cooperative structures can encourage students to exchange explanations, 

contribute to shared tasks, and take responsibility for both individual and group learning 

(Barreto et al., 2022; Nguyen & Oanh, 2025). These features are potentially relevant to 
mathematical problem-solving because students need opportunities to explain strategies, 

examine different approaches, and justify solutions. Physical educational board games may 
complement this cooperative structure by providing a rule-based environment in which 

mathematical tasks are embedded in interactive activities. Evidence from primary education 

indicates that board-game interventions can support academic skills and cognitive development 
when they are incorporated systematically into classroom learning (Vita-Barrull et al., 2024). 

Previous research has also shown that mathematical board games can support learning through 
concrete representations, repeated practice, and interaction around mathematical content 

(Fathurrohman et al., 2022; Lin & Cheng, 2022; Siregar, 2021). In the present study, the term 

Edu-Board Game refers to a complete physical, rule-based educational game containing Grade 
IV mathematical problem-solving tasks. This differs conceptually from gamification, which 

involves adding game-design elements to a non-game activity rather than using a complete 
game as the learning environment (Deterding et al., 2011).  

Existing empirical research provides support for examining STAD and educational 

games in elementary mathematics, although the evidence remains fragmented across different 
instructional designs and outcomes. STAD has been compared with other active learning 

approaches, with some studies reporting favorable gains in mathematical problem-solving 
outcomes (Nurmeliyanti et al., 2024). Board-game-based instruction has also been associated 

with improved mathematical learning and problem-solving, although some studies have relied 
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on one-group pretest-posttest designs or have focused on general learning outcomes rather than 

mathematical problem-solving specifically (Azzahra et al., 2026; Safitri, 2019). Development 
studies have further demonstrated the feasibility and practicality of mathematics-oriented board 

games, but such studies do not necessarily establish whether the resulting learning outcomes 
differ from those produced by alternative instructional approaches (Drestanta et al., 2025). 

More rigorous evidence from primary education nevertheless indicates that classroom board-

game interventions can generate improvements in mathematics-related academic outcomes 
relative to regular instruction, although the magnitude of improvement may vary across settings 

and learner groups (Vita-Barrull et al., 2024). At the same time, comparisons between active 
pedagogies such as Problem-Based Learning (PBL) and Discovery Learning indicate that 

mathematical problem-solving outcomes may vary even when both conditions involve student-

centered learning (Kusmiyantoro et al., 2026). Together, these findings suggest that evaluating 
an instructional innovation against another active comparison condition may provide a more 

informative test than comparing it only with passive or conventional instruction.  
Despite this growing body of research, several gaps remain. STAD and educational board 

games have commonly been examined as separate instructional components, whereas fewer 

studies have investigated their integration within a structured elementary mathematics lesson. 
In addition, board-game interventions have often been evaluated through developmental 

studies, single-group designs, or comparisons that do not involve another active instructional 
model. Evidence from mathematics education further suggests that problem-solving 

performance is shaped not only by the instructional medium but also by the cognitive demands 

of the task, the opportunities provided for mathematical reasoning, and the extent to which 
students are supported in moving beyond superficial solution procedures (Säfström et al., 2024; 

Strohmaier et al., 2022; Vicente et al., 2022). Consequently, evidence remains limited 
regarding whether combining STAD with a physical, rule-based educational board game is 

associated with different mathematical problem-solving outcomes when compared with an 

alternative active approach such as PBL supported by concrete manipulatives. This distinction 
is important because a comparison with an active condition provides a more demanding test of 

the instructional approach and reduces the likelihood that any observed difference can be 
attributed simply to students receiving more interactive instruction. The present study therefore 

focuses on Edu-Board Game-Assisted STAD as a combined instructional condition rather than 

attempting to isolate the independent contribution of either STAD or the board game.  
Against this background, the present study compared Grade IV students’ mathematical 

problem-solving performance under two active instructional conditions: Edu-Board Game-
Assisted STAD and PBL assisted by ice-cream-stick manipulatives. The instructional content 

was limited to LCM and GCF, allowing both groups to engage with the same mathematical 

domain while experiencing different combinations of pedagogical structure and learning 
media. The study was designed as a nonequivalent-group quasi-experiment using intact classes; 

therefore, the comparison was intended to examine differences in learning outcomes under the 
two instructional conditions rather than to establish an unequivocal causal effect of either 

approach. Particular attention was given to students’ initial mathematical problem-solving 

ability because baseline differences between intact classes can influence post-intervention 
comparisons. The contribution of the study lies in providing evidence from an active-

comparator design in which a cooperative, board-game-supported condition is evaluated 
against PBL with concrete manipulatives in elementary mathematics. 

Accordingly, the study addressed the following research questions: 

• RQ1. How did students’ mathematical problem-solving performance change from pretest to 

posttest under Edu-Board Game-Assisted STAD and ice-cream-stick-assisted Problem-
Based Learning? 
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• RQ2. How did students’ posttest mathematical problem-solving performance differ between 

Edu-Board Game-Assisted STAD and ice-cream-stick-assisted Problem-Based Learning 

when baseline ability was taken into account? 

METHOD  
Research Design 

This study employed a quantitative approach using a quasi-experimental nonequivalent 
pretest-posttest group design. The design was selected because the participants were drawn 

from two pre-existing Grade IV classes and were not randomly assigned at the individual level. 

One intact class received Edu-Board Game-Assisted Student Teams Achievement Divisions 
(STAD), whereas the other intact class received Problem-Based Learning (PBL) assisted by 

ice-cream-stick manipulatives. Both instructional conditions covered the same mathematical 
content, namely Least Common Multiple (LCM) and Greatest Common Factor (GCF), and 

were implemented over three instructional sessions with equivalent time allocation and 

assessment procedures. Because the study involved intact classes and each instructional 
condition was represented by one class, the design was intended to compare mathematical 

problem-solving outcomes between the two instructional conditions rather than to establish an 
unequivocal causal effect of either approach. The structure of the research design is presented 

in Table 1. 

Table 1. Nonequivalent Pretest-Posttest Group Design 

Group Pretest Instructional Condition Posttest 

Experimental O₁ X₁ O₂ 
Comparison O₃ X₂ O₄ 

In Table 1, O₁ represents the pretest administered to the experimental group, while O₂ 
represents the corresponding posttest. O₃ and O₄ indicate the pretest and posttest administered 

to the comparison group, respectively. X₁ refers to the implementation of Edu-Board Game-

Assisted STAD in the experimental condition, whereas X₂ refers to Problem-Based Learning 
assisted by ice-cream-stick manipulatives in the comparison condition.  

The intervention was administered at the class level. To support consistency of 
implementation, both conditions followed predetermined lesson plans with the same content 

scope, instructional duration, and pretest-posttest assessment framework. Implementation was 

observed using a lesson-implementation checklist to determine whether the planned 
instructional stages were carried out as intended. In the experimental condition, observation 

focused on the principal STAD stages, including class presentation, team organization and 
study, use of the Edu-Board Game, individual quizzes, calculation of improvement scores, and 

group recognition. The comparison condition was monitored against the planned PBL 

sequence. Observer records indicated that the instructional procedures were implemented 
without notable disruptions to content coverage, session structure, or instructional sequence. 

Participants and Research Context 

The study was conducted with Grade IV students at SD Negeri Mekar Mukti 06, Bekasi 

Regency, Indonesia. The target population comprised students enrolled in Grade IV during the 

semester in which the study was implemented. The research sample consisted of 60 students 
drawn from two intact classes, with 30 students assigned to the experimental condition and 30 

students to the comparison condition. Participants were selected purposively based on the 
willingness of the school and teachers to participate and the availability of intact classes that 

could be used for the two instructional conditions. The students were between 9 and 10 years 
old and included 26 boys and 34 girls. The participating school was a public elementary school 

with an “A” accreditation status. 

Eligibility for participation required students to be actively enrolled in Grade IV and to 
complete the full sequence of research activities, including the pretest, instructional sessions, 

and posttest. Recruitment was coordinated with the school principal and classroom teachers. 
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No students withdrew during the study, resulting in complete data for all 60 participants. The 

sample size was not determined through an a priori statistical power analysis; rather, it reflected 
the available intact classes and the practical constraints of the school setting. This should be 

considered when interpreting the precision of the statistical estimates and the study’s ability to 
detect small between-group differences. 

Because the two instructional conditions were implemented in separate intact classes, the 

class served as the practical unit of treatment delivery, although student-level scores were used 
for the statistical analyses. Each instructional condition was represented by only one class. This 

structure introduces the possibility that class-specific characteristics, including differences in 
classroom dynamics or teacher-related factors, may be associated with the observed outcomes. 

Accordingly, the study was designed to provide a comparative examination of the two 

instructional conditions within the participating school context rather than a broadly 
generalizable estimate of treatment effectiveness. 

The research involved minors and was therefore conducted with attention to ethical 
requirements for educational research. Permission to conduct the study was obtained from the 

school principal, and the classroom teachers approved the instructional procedures used during 

the study. Informed consent was obtained from the parents or guardians of all participating 
students prior to data collection. Participation was voluntary, and students’ data were treated 

confidentially and used only for research purposes. 

Research Instrument 

Students’ mathematical problem-solving ability was measured using a constructed-

response test developed for the topics of Least Common Multiple (LCM) and Greatest 
Common Factor (GCF). The instrument was structured around four stages of mathematical 

problem solving: understanding the problem, devising a plan, carrying out the plan, and 
checking the solution. These stages were adapted from Pólya’s problem-solving framework 

and operationalized as observable indicators in students’ written responses (Pólya, 1957; 

Riyanto et al., 2024). The test consisted of five contextual problems, with each item requiring 
students to demonstrate all four stages of the problem-solving process. The specification of the 

instrument is presented in Table 2. 

Table 2. Mathematical Problem-Solving Test Specification 

No. 
Problem-Solving 

Indicator 
Operational Description 

Item 

Number 

Content 

Domain 

1 Understanding the 

Problem 

Students identify relevant information 

and determine what is being asked in 

the problem. 

1, 2, 3, 4, 

5 

LCM and GCF 

applications 

2 Devising a Plan Students formulate an appropriate 

solution strategy based on the 

information identified. 

1, 2, 3, 4, 

5 

LCM and GCF 

applications 

3 Carrying Out the 

Plan 

Students apply the planned strategy 

using appropriate mathematical 

procedures and calculations. 

1, 2, 3, 4, 

5 

LCM and GCF 

applications 

4 Checking the 

Solution 

Students review the solution process 

and formulate a conclusion based on 

the result. 

1, 2, 3, 4, 

5 

LCM and GCF 

applications 

Students’ responses were scored analytically using a rubric aligned with the four 
problem-solving indicators. Understanding the problem and checking the solution were each 

scored from 0 to 2, whereas devising a plan and carrying out the plan were each scored from 0 

to 3. Thus, each item had a maximum score of 10, producing a maximum raw score of 50 across 
the five items. Raw scores were subsequently converted to a 0-100 scale for statistical analysis. 

The detailed scoring criteria are presented in Table 3. 
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Table 3. Scoring Rubric for Mathematical Problem-Solving Ability 

Indicator Score Scoring Criteria 

Understanding the 

Problem 

0 No relevant information or statement of what is being asked is 

provided.  
1 Relevant information and the question are identified, but the response 

is incomplete or contains inaccuracies.  
2 Relevant information and the question are identified accurately and 

completely. 

Devising a Plan 0 No strategy or procedural plan for solving the problem is provided.  
1 A strategy is proposed, but it is inappropriate for the problem.  
2 The selected strategy is appropriate but incomplete.  
3 The selected strategy is appropriate and complete. 

Carrying Out the 

Plan 

0 No calculation or solution procedure is attempted. 

1 A solution attempt is made, but the mathematical procedure is unclear 

or substantially incorrect. 

2 The mathematical procedure is generally correct, but an error occurs in 

the calculation or final result. 

3 The mathematical procedure is carried out logically and the final result 

is correct. 

Checking the 

Solution 

0 No attempt is made to review the solution or formulate a conclusion. 

1 The solution is reviewed or a conclusion is provided, but it is 

incomplete or contains an inconsistency.  
2 The solution is appropriately reviewed and a valid conclusion is 

formulated. 

Before its use in the main study, the instrument underwent expert review and empirical 

pilot testing. Content relevance and clarity were reviewed by two experts, consisting of a 
mathematics education lecturer and an elementary school teacher, using a five-point validation 

scale. Because the original study records reported the expert-review procedure but did not 

provide a separate quantitative content-validity coefficient, the expert review is treated here as 
evidence of content-based evaluation rather than as a numerical validity estimate. The revised 

instrument was then pilot-tested with 30 students who were not included in the main research 
sample. 

The pilot data were analyzed using ANATES to examine item discrimination, difficulty 

level, item-total correlation, and test reliability. As shown in Table 4, discrimination indices 
ranged from 30.00% to 43.13%, and all five items were classified as having a medium level of 

difficulty. Item-total correlation coefficients ranged from 0.774 to 0.890, while the overall test 
reliability coefficient was 0.86. These results indicated that the five items demonstrated 

satisfactory empirical characteristics for use in the pretest and posttest assessments. 

Table 4. Item Analysis Results for the Mathematical Problem-Solving Test 

Item Discrimination Index 

(%) 

Difficulty Level Item-Total 

Correlation 

Correlation 

Significance 

1 30.00 Medium 0.890 Very significant 

2 32.50 Medium 0.860 Very significant 

3 43.13 Medium 0.878 Very significant 

4 33.13 Medium 0.774 Very significant 

5 33.75 Medium 0.885 Very significant 
Note. Pilot sample = 30 students; mean test score = 50.63; SD = 14.36; XY correlation = 0.76; test reliability = 0.86. 

The same five-item instrument and scoring rubric were used for the pretest and posttest 
to maintain consistency in the measurement of mathematical problem-solving ability across the 

two measurement occasions. Responses were scored by a single rater. Consequently, inter-rater 
reliability could not be estimated, which should be considered when interpreting the 

measurement results. In addition, the instrument was specifically developed for LCM and GCF 
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applications; therefore, the scores represent mathematical problem-solving performance within 

this content domain rather than mathematical problem-solving ability across all elementary 
mathematics topics. 

Intervention and Comparison Conditions 

The experimental condition implemented Student Teams Achievement Divisions 

(STAD) supported by a physical educational board game entitled LCM and GCF Adventure. 

The board game was designed as a structured learning medium for practicing mathematical 
problem-solving on LCM and GCF. It consisted of a zigzag pathway with 54 spaces from 

START to FINISH, including designated LCM and GCF task spaces. Students played in small 
groups of three to five members and took turns rolling a die to move along the board. When a 

group landed on a designated task space, members were required to solve the corresponding 

mathematical problem collaboratively. A correct response allowed the group to remain in 
position and earned 10 points, whereas an incorrect response required the group to move two 

spaces backward. The overall design of the Edu-Board Game is shown in Figure 1. 

 
Figure 1. Design of the Edu-Board Game 

The game was supported by three sets of task cards consisting of 20 LCM question cards, 
20 GCF question cards, and 20 Bonus cards. These cards were used to structure the 

mathematical tasks encountered during play and to provide repeated opportunities for students 

to discuss and solve problems within their teams. The question cards focused directly on LCM 
and GCF applications, while the Bonus cards provided additional game-based challenges 

within the learning activity. Examples of question and Bonus cards are presented in Figure 2. 
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Figure 2. Examples of Edu-Board Game Question and Bonus Cards 

The experimental condition was implemented over three meetings, with each meeting 

lasting 2 × 35 minutes. The first meeting focused on LCM, the second on GCF, and the third 

on integrated LCM-GCF problem-solving activities. Each meeting followed the principal 
stages of STAD: class presentation, team study, individual assessment, calculation of 

individual improvement scores, and group recognition. The Edu-Board Game was incorporated 
primarily during the team-study stage to provide a structured context for collaborative problem 

solving. Thus, the experimental condition combined the cooperative structure of STAD with a 

physical, rule-based educational game rather than treating the board game as a separate activity 
outside the instructional model. 

The comparison condition received Problem-Based Learning (PBL) supported by two-
colored ice-cream-stick manipulatives. The sticks were used as concrete materials to help 

students explore multiples, factors, and related LCM and GCF relationships during problem-

solving activities. The visual design of the manipulatives used in this condition is presented in 

Figure 3. 

 
Figure 3. Ice-Cream-Stick Manipulatives Used in the PBL Condition 
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The PBL condition followed the stages of problem orientation, organization of students 

for learning, investigation using the ice-cream-stick manipulatives, presentation of results, and 
evaluation of the problem-solving process. Like the experimental condition, the comparison 

condition was conducted over three meetings with the same duration, content coverage, and 
assessment schedule. The principal distinction between the two instructional conditions 

therefore lay in the combination of pedagogical structure and learning medium: STAD 

integrated with a rule-based educational board game in the experimental condition, and PBL 
integrated with concrete manipulatives in the comparison condition. 

Data Collection Procedure 

Data collection was conducted in a sequence consisting of preparation, pretesting, 

implementation of the two instructional conditions, and posttesting. During the preparation 

stage, the researchers coordinated with the participating school, confirmed the two intact Grade 
IV classes, prepared the lesson plans and instructional media, and finalized the mathematical 

problem-solving test following expert review and pilot testing. The same assessment 
instrument was used for both measurement occasions to ensure consistency in evaluating 

students’ mathematical problem-solving performance on LCM and GCF. 

Before the instructional sessions began, all participating students completed the pretest 
to establish their initial level of mathematical problem-solving performance. The experimental 

class then participated in Edu-Board Game-Assisted STAD, whereas the comparison class 
received PBL assisted by ice-cream-stick manipulatives. Both instructional conditions were 

implemented over three meetings of 2 × 35 minutes, with equivalent content coverage, 

instructional duration, and assessment procedures. The first meeting focused on LCM, the 
second on GCF, and the third on integrated LCM-GCF problem-solving activities. After 

completion of the instructional sequence, all students completed the posttest using the same 
scoring framework as the pretest. 

Implementation of both instructional conditions was monitored using a lesson-

implementation checklist. An observer who was not involved in delivering the instruction 
recorded whether the planned instructional stages were implemented as specified. In the 

experimental condition, monitoring covered the main STAD stages, including class 
presentation, team study using the Edu-Board Game, individual assessment, calculation of 

improvement scores, and group recognition. The comparison condition was monitored against 

the planned PBL sequence. Observer records indicated that the instructional sessions were 
implemented according to the lesson plans, with no notable deviations in content coverage, 

session structure, or instructional sequence and no substantial disruptions such as absenteeism 
or scheduling problems. 

Because the participants were elementary school students, ethical procedures were 

addressed before data collection. Permission to conduct the study was obtained from the school 
principal, instructional procedures were coordinated with the classroom teachers, and informed 

consent was obtained from the parents or guardians of all participating students. Participation 
covered the complete pretest, instructional, and posttest sequence, and no students withdrew 

during the study. 

Data Analysis 

Data were analyzed using SPSS version 26.0. Descriptive statistics were first calculated 

to summarize students’ mathematical problem-solving performance in the two instructional 
conditions. Means, standard deviations, minimum and maximum scores, and 95% confidence 

intervals were reported for the pretest and posttest scores. Raw change scores were calculated 

as posttest minus pretest to describe the magnitude of improvement within each group. In 
addition, normalized gain (N-Gain) scores were calculated as a supplementary indicator of 

relative improvement from pretest to posttest. N-Gain values were interpreted using the 
conventional categories of low (g < .30), medium (.30 ≤ g < .70), and high (g ≥ .70) (Hake, 
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1999). These descriptive analyses were used primarily to address RQ1 by characterizing 

changes in mathematical problem-solving performance across the two instructional conditions. 
Before conducting between-group analyses, the distributional assumptions of the data 

were examined. The Shapiro-Wilk test was used to assess normality because each group 
consisted of 30 students. Homogeneity of variance was examined using Levene’s test, and 

linearity between pretest and posttest scores was assessed before baseline-adjusted analysis. 

Baseline comparability between the experimental and comparison groups was examined using 
an independent-samples t-test on pretest scores. Because the pretest variances were unequal, 

the baseline comparison was interpreted using the unequal-variances estimate where 
appropriate. Statistical significance was evaluated at α = .05, and 95% confidence intervals 

were reported for the principal estimates. 

To address RQ2, a baseline-adjusted multiple linear regression model was used, with 
posttest mathematical problem-solving score as the dependent variable and pretest score and 

instructional condition as predictors. Group membership was dummy-coded to estimate the 
adjusted difference between students receiving Edu-Board Game-Assisted STAD and those 

receiving ice-cream-stick-assisted PBL after accounting for initial mathematical problem-

solving ability. The group coefficient therefore represented the estimated between-condition 
difference in posttest performance at a common level of baseline ability. The analysis reported 

the unstandardized regression coefficient (B), standard error, 95% confidence interval, test 
statistic, and p value. Adjusted posttest means were also derived from the baseline-adjusted 

model to facilitate interpretation of the between-group comparison. 

N-Gain scores were retained as a supplementary analysis rather than as the primary test 
of between-group effectiveness. Mean N-Gain scores were compared between the two 

conditions using an independent-samples t-test after checking normality and homogeneity of 
variance. Cohen’s d, together with its 95% confidence interval, was reported to describe the 

standardized magnitude of the N-Gain difference. Because the groups differed substantially at 

baseline, the N-Gain comparison was interpreted cautiously and did not replace the baseline-
adjusted model as the principal analysis for evaluating between-condition differences. 

The analysis strategy therefore distinguished between two forms of evidence. Pretest, 
posttest, raw change, and N-Gain statistics were used to describe how performance changed 

within each instructional condition, whereas the baseline-adjusted regression model was used 

to evaluate whether posttest mathematical problem-solving performance differed between the 
two conditions after accounting for students’ initial ability. This distinction was necessary 

because the nonequivalent-group design produced a significant pretest difference between the 
two intact classes, making an unadjusted posttest comparison insufficient for interpreting 

between-group differences. 

RESULTS AND DISCUSSION 
Descriptive and Baseline Results 

Descriptive statistics for students’ mathematical problem-solving performance are 

presented in Table 5. Both instructional conditions showed substantial increases in mean scores 
from pretest to posttest. In the comparison group, the mean score increased from 26.27 (SD = 

8.03) at pretest to 60.53 (SD = 9.35) at posttest, corresponding to a mean raw change of 34.27 
points (SD = 9.86). In the experimental group, the mean score increased from 41.33 (SD = 

15.34) at pretest to 73.67 (SD = 11.48), with a mean raw change of 32.33 points (SD = 7.74). 

Although both groups improved, the experimental group entered the intervention with a 
considerably higher level of mathematical problem-solving performance. 

Table 5. Descriptive Statistics for Mathematical Problem-Solving Performance 

Group Measure N Mean SD 95% CI Min. Max. 

Comparison Pretest 30 26.27 8.03 [23.27, 29.26] 13 40  
Posttest 30 60.53 9.35 [57.04, 64.02] 40 78 
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Group Measure N Mean SD 95% CI Min. Max.  
Raw change 30 34.27 9.86 [30.58, 37.95] 11 48 

Experimental Pretest 30 41.33 15.34 [35.60, 47.06] 14 82  
Posttest 30 73.67 11.48 [69.38, 77.95] 48 100  
Raw change 30 32.33 7.74 [29.44, 35.22] 14 46 

Note. Raw change was calculated as posttest minus pretest. 

The two groups differed significantly in their initial mathematical problem-solving 

performance. The experimental group had a substantially higher pretest mean than the 

comparison group, t(43.76) = -4.77, p < .001. This baseline difference indicated that direct 

comparison of the posttest scores alone would not adequately account for differences already 
present before implementation of the instructional conditions. Accordingly, baseline 

performance was incorporated into the principal between-group analysis. 

Assumption Testing 

The assumptions underlying the statistical analyses were examined before inferential 

testing. Results of the Shapiro-Wilk tests indicated no statistically significant departures from 
normality for the pretest or posttest scores in either instructional condition, with all p values 

greater than .05, as presented in Table 6. 

Table 6. Shapiro-Wilk Normality Test 

Group and Measure Statistic df p 

Comparison pretest .962 30 .355 

Comparison posttest .976 30 .711 
Experimental pretest .949 30 .157 

Experimental posttest .984 30 .924 

Levene’s test indicated that the pretest variances differed significantly between the two 
groups, F(1, 58) = 7.338, p = .009. In contrast, the posttest variances did not differ significantly, 

F(1, 58) = 0.906, p = .345. The results are presented in Table 7. 

Table 7. Levene’s Test of Homogeneity of Variance 

Measure Levene Statistic df1 df2 p 

Pretest 7.338 1 58 .009 

Posttest 0.906 1 58 .345 

The unequal pretest variances, together with the significant baseline difference between 
groups, reinforced the need to account for initial mathematical problem-solving performance 

when evaluating between-group posttest outcomes. 

Changes in Mathematical Problem-Solving Performance 

To address RQ1, changes in mathematical problem-solving performance from pretest to 
posttest were examined within each instructional condition. Both groups showed substantial 

improvement. The comparison group increased by an average of 34.27 raw-score points, 

whereas the experimental group increased by 32.33 points. The experimental group 
nevertheless retained the higher absolute performance level at posttest because it had also 

started from a considerably higher baseline. Normalized gain was additionally calculated to 
describe improvement relative to the maximum possible score. As shown in Table 8, the 

experimental group obtained a mean N-Gain of 0.57, corresponding to 57.12%, whereas the 

comparison group obtained a mean N-Gain of 0.46, corresponding to 46.34%. Both values were 
classified within the medium-gain category. 

Table 8. Normalized Gain in Mathematical Problem-Solving Performance 

Group Mean N-Gain N-Gain (%) Category 

Experimental 0.5712 57.12 Medium 

Comparison 0.4634 46.34 Medium 
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These findings indicate that students in both instructional conditions improved their 

mathematical problem-solving performance during the study period. The experimental 
condition produced the higher normalized gain, although both groups remained within the same 

medium-gain category. 

Baseline-Adjusted Between-Group Comparison 

To address RQ2, posttest mathematical problem-solving performance was compared 

between the two instructional conditions after accounting for students’ pretest scores. The 
baseline-adjusted analysis indicated that the estimated difference favored Edu-Board Game-

Assisted STAD. However, the group effect did not reach the conventional threshold for 
statistical significance, B = 4.04, 95% CI [-0.53, 8.60], F(1, 57) = 3.14, p = .082, partial eta 

squared (ηp²) = .052. 

The adjusted posttest mean was 68.75 (SE = 1.52) for the experimental group and 63.73 
(SE = 1.88) for the comparison group. The baseline-adjusted model results and adjusted group 

means are presented together in Table 9. 

Table 9. Baseline-Adjusted Comparison of Posttest Mathematical Problem-Solving Performance 

Result Estimate SE 95% CI F df p ηp² 

Instructional condition 4.04 — [-0.53, 8.60] 3.14 1, 57 .082 .052 

Experimental adjusted mean 68.75 1.52 — — — — — 

Comparison adjusted mean 63.73 1.88 — — — — — 
Note. Adjusted means represent estimated posttest scores after accounting for pretest mathematical problem-solving 

performance. 

The confidence interval for the instructional-condition coefficient included zero, and the 

p value exceeded .05. Therefore, although adjusted posttest performance numerically favored 

Edu-Board Game-Assisted STAD, the present data did not provide statistically conclusive 
evidence of a difference between the two instructional conditions after baseline mathematical 

problem-solving performance was taken into account. 

Supplementary N-Gain Analysis 

A supplementary between-group analysis was conducted using N-Gain percentages. The 

experimental group achieved a higher mean N-Gain percentage (M = 57.12, SD = 12.81) than 
the comparison group (M = 46.34, SD = 12.51). The N-Gain distributions met the normality 

assumption in both groups, with p = .058 for the experimental group and p = .141 for the 

comparison group. Levene’s test also indicated homogeneous variances, F = 0.068, p = .795. 
The independent-samples t-test indicated a statistically significant difference in N-Gain 

percentages between the two instructional conditions, t(58) = 3.30, p = .002, with a mean 

difference of 10.78 percentage points. The results are presented in Table 10. 

Table 10. Comparison of N-Gain Percentages Between Instructional Conditions 

Group N Mean SD 

Experimental 30 57.12 12.81 

Comparison 30 46.34 12.51 
Note. Levene’s F = 0.068, p = .795; t(58) = 3.30, p = .002; mean difference = 10.78 percentage points. 

The standardized difference in N-Gain was large, with Cohen’s d = 0.851 and a 95% CI 

[0.319, 1.377]. Similar estimates were obtained using Hedges’ correction and Glass’s delta, as 

shown in Table 11. 

Table 11. Effect Size Estimates for the N-Gain Difference 

Effect-Size Estimator Estimate 95% CI 

Cohen’s d 0.851 [0.319, 1.377] 

Hedges’ correction 0.840 [0.315, 1.359] 

Glass’s delta 0.862 [0.303, 1.407] 
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The supplementary N-Gain analysis therefore favored the experimental condition. 

However, this finding should be interpreted in conjunction with the baseline-adjusted analysis 
because the two intact classes differed substantially before the intervention. Accordingly, the 

N-Gain result provides complementary evidence of relative improvement, whereas the 
baseline-adjusted analysis provides the principal evidence for evaluating RQ2. 

Discussion 

The findings indicate that both instructional conditions were associated with substantial 
improvement in students’ mathematical problem-solving performance. The experimental 

group achieved a higher normalized gain than the comparison group, suggesting greater relative 
improvement across the study period. However, after students’ initial mathematical problem-

solving ability was taken into account, the adjusted posttest difference favored Edu-Board 

Game-Assisted STAD numerically but did not reach statistical significance. This pattern 
suggests that the experimental condition supported meaningful learning progress, but the 

available evidence does not demonstrate a statistically reliable advantage over the PBL 
comparison. Such a result is consistent with broader evidence showing that instructional 

innovations in elementary mathematics may produce positive learning gains without 

necessarily outperforming other well-designed active approaches. Reviews of mathematics 
interventions likewise indicate that observed effects vary substantially according to 

instructional design, comparison condition, learner characteristics, and implementation context 

(Bozkuş et al., 2026; Kyndt et al., 2013; Pellegrini et al., 2021). 
The improvement observed in both groups is pedagogically plausible because the 

comparison condition was itself an active form of instruction rather than a passive or lecture-

based control. Students in the comparison group participated in PBL supported by concrete ice-
cream-stick manipulatives, which required them to investigate mathematical relationships, 

develop solutions, and engage directly with LCM and GCF problems. Research on problem-
based approaches in mathematics indicates that such instruction can promote mathematical 

reasoning and problem solving by organizing learning around investigation, solution 

development, explanation, and reflection (Aba-Oli et al., 2025; Ayari et al., 2025). The use of 
concrete manipulatives may further support mathematical understanding when physical objects 

are explicitly connected to the concepts they represent. Meta-analytic and cognitive evidence 
indicates that manipulatives can benefit mathematics learning, although their effectiveness 

depends on how clearly learners are guided from concrete representations toward underlying 

mathematical structures (Carbonneau et al., 2013; Fyfe et al., 2014; Laski et al., 2015; Pouw et 
al., 2014). The substantial improvement observed in the comparison group therefore reinforces 

the interpretation that both instructional conditions provided meaningful opportunities for 

mathematical learning. 
The performance pattern in the experimental group can be interpreted in relation to the 

complementary roles of cooperative learning and rule-based game activity. STAD structures 
learning through team study while maintaining individual responsibility, whereas the Edu-

Board Game embeds mathematical problems within a sequence of moves, questions, feedback, 

and task consequences. Research on cooperative learning has shown that structured peer 
interaction can support academic achievement when group tasks are clearly organized and 

individual accountability is maintained (Kyndt et al., 2013; Pellegrini et al., 2021). Game-based 
learning may add repeated opportunities for retrieval, decision making, feedback, and 

interaction around disciplinary content. Large-scale reviews suggest that games can improve 

cognitive learning outcomes, but their educational value depends less on the mere presence of 
a game format than on the instructional features incorporated into it, including feedback, 

repeated practice, alignment with learning objectives, and integration with classroom pedagogy 
(Clark et al., 2016; Wouters et al., 2013). In the present study, the board game was embedded 

within the STAD team-study phase rather than functioning as an isolated recreational activity, 
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which provides a plausible pedagogical basis for the improvement observed in the experimental 

group. 

The findings also align with a broader body of research showing that the effects of game-
based mathematics instruction are generally positive but heterogeneous. Meta-analytic 

evidence across K–12 mathematics has reported benefits of game-based learning for 
mathematical performance, while also demonstrating considerable variation according to game 

design, duration, targeted outcome, and instructional comparison (Bozkuş et al., 2026; Byun & 

Joung, 2018). Similar conclusions have been reported for higher-order mathematical thinking, 
where game-based approaches produced favorable effects but with substantial variability 

across studies (Anggoro et al., 2025). Affective outcomes show a similarly differentiated 
pattern. Game-based interventions can support mathematics motivation and reduce anxiety in 

some contexts, but their effects depend on the type of game, duration of exposure, age of 

learners, and the specific outcome being assessed (Dondio et al., 2023; Fadda et al., 2022). 
These findings support a cautious interpretation of the present results: integrating a physical 

board game with STAD may provide a productive learning environment, but the presence of 
game features alone should not be expected to produce a consistently large advantage over 

another active instructional approach. 

The lack of a statistically conclusive adjusted difference is also understandable when the 
nature of the comparison condition is considered. When an intervention is compared with 

relatively passive instruction, the estimated advantage may reflect not only the intervention 

itself but also a broader contrast in the amount and quality of student activity. In the present 
study, however, both groups engaged in structured problem solving, interaction with 

instructional materials, and teacher-guided learning activities. Evidence from research 
syntheses suggests that the added value of a new instructional approach often becomes smaller 

when the comparison group also receives purposeful and active instruction (Benavides-Varela 

et al., 2020; Topping et al., 2022). For example, digital mathematics interventions may generate 
positive learning outcomes without consistently outperforming other structured digital or 

problem-centered approaches (Benavides-Varela et al., 2020). Likewise, systematic evidence 
on PBL shows that problem-centered instruction itself can support mathematical reasoning and 

achievement (Aba-Oli et al., 2025; Ayari et al., 2025). The nonsignificant adjusted difference 

in the present study should therefore not be interpreted as evidence that Edu-Board Game-
Assisted STAD lacked educational value, but rather that its additional advantage over an 

already active comparison condition was not statistically established. 

Another relevant feature of the findings is that both instructional conditions incorporated 
forms of concrete or representational activity. Concepts such as factors, multiples, LCM, and 

GCF require students to coordinate numerical relationships that may remain abstract when 
taught only symbolically. Research has long shown that concrete materials can facilitate 

mathematical understanding when learners recognize the relationship between the physical 

representation and the mathematical concept it represents (Uttal et al., 1997). More recent 
evidence emphasizes that effective mathematics learning requires students to move beyond 

manipulation itself and connect concrete actions to generalized mathematical relations and 
symbolic representations (Fyfe et al., 2014; Pouw et al., 2014). In the comparison condition, 

the ice-cream sticks represented factor and multiple relationships, whereas in the experimental 

condition mathematical reasoning was embedded within question cards and movement through 
a rule-governed board. Both approaches may therefore have supported students in linking 

concrete activity with mathematical reasoning through different representational pathways. 
Research on strategy comparison and mathematical cognition further suggests that students 

benefit when they are encouraged to interpret, compare, and justify solution approaches rather 

than merely reproduce a single procedure (Rittle-Johnson et al., 2020). Feedback embedded 
within game-based environments may also contribute to this process when it is directly 

connected to students’ mathematical responses and misconceptions (Yang & Lu, 2021). 
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The significant N-Gain difference and the nonsignificant baseline-adjusted result should 

be understood as providing different, though related, information about students’ performance. 
N-Gain expresses improvement relative to the maximum score available above a student’s 

initial score and is therefore useful for describing relative progress. However, normalized gain 
can be associated with differences in pretest distributions, and its interpretation in 

nonequivalent groups remains methodologically debated. Some researchers have shown that 

normalized gain may exhibit relationships with initial scores and have therefore recommended 
caution when it is used for between-group comparisons (Nissen et al., 2018). Others have 

argued that normalized gain remains informative when student ability and the mathematical 
properties of the measure are properly considered (Coletta & Steinert, 2020). More generally, 

analyses of pretest-posttest designs favor adjustment for baseline scores when the principal 

question concerns whether groups differ at posttest after accounting for their initial 
performance (Vickers & Altman, 2001). The two findings should therefore be viewed as 

complementary rather than contradictory. The N-Gain analysis indicates that the experimental 
group achieved greater relative improvement, whereas the baseline-adjusted analysis addresses 

more directly whether posttest performance differed between the two instructional conditions 

at a comparable level of initial ability. 

Taken together, these findings contribute to a more differentiated understanding of game-
supported cooperative learning in elementary mathematics. Edu-Board Game-Assisted STAD 

was associated with substantial improvement in mathematical problem-solving performance 
and produced a higher normalized gain than the PBL comparison. At the same time, the absence 

of a statistically significant adjusted posttest difference indicates that positive change within 

an instructional condition does not necessarily translate into clear superiority over another 
active approach. This interpretation is consistent with evidence that mathematics learning 

outcomes are shaped by the interaction among pedagogical structure, representations, 
feedback, learner characteristics, and the nature of the comparison condition rather than by the 

nominal instructional model alone (Bozkuş et al., 2026; Clark et al., 2016; Kyndt et al., 2013). 

The principal contribution of the present study therefore lies in showing that integrating a 
physical educational board game within STAD represents a viable active learning configuration 

for elementary mathematical problem solving, while also demonstrating that its relative 
advantage must be interpreted in relation to the strength of the instructional alternative against 

which it is compared. 

CONCLUSION  

This study examined changes in Grade IV students’ mathematical problem-solving 

performance under two active instructional conditions: Edu-Board Game-Assisted STAD and 
Problem-Based Learning supported by ice-cream-stick manipulatives. Both groups showed 

substantial improvement from pretest to posttest, indicating that each instructional condition 
provided meaningful opportunities for students to develop problem-solving performance in 

LCM and GCF. The experimental group achieved the higher normalized gain, suggesting 

greater relative improvement during the intervention period. 
When initial mathematical problem-solving ability was taken into account, however, the 

adjusted posttest difference between the two instructional conditions was not statistically 
significant. Although the adjusted mean remained numerically higher for the Edu-Board Game-

Assisted STAD group, the evidence was insufficient to establish a reliable posttest advantage 

over the active PBL comparison. The significant N-Gain difference should therefore be 
interpreted as complementary evidence of relative improvement rather than as definitive 

evidence of the superiority of the experimental condition. 
The findings indicate that integrating a physical, rule-based educational board game 

within STAD represents a viable instructional approach for elementary mathematical problem 

solving. Its value lies in combining structured cooperative learning with repeated mathematical 
tasks embedded in an interactive game environment. At the same time, the results demonstrate 
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the importance of evaluating instructional innovations against meaningful active alternatives 

and of considering students’ initial performance when interpreting comparative learning 
outcomes. 

LIMITATION 

The findings should be interpreted within several methodological constraints. The study 

involved only two intact classes from a single elementary school, with one class representing 

each instructional condition and no random assignment at the individual level. Because 
different teachers were involved across the two classes, instructional-condition effects could 

not be fully separated from teacher- or class-specific influences. The intervention was also 
relatively short, consisting of three meetings, and therefore captured immediate post-

intervention performance rather than longer-term retention or transfer. Mathematical problem-

solving was assessed using five constructed-response items restricted to LCM and GCF, and 
responses were scored by a single rater, preventing estimation of inter-rater reliability. In 

addition, the study did not directly assess potential process variables such as collaboration, 
engagement, motivation, or communication, so these mechanisms cannot be treated as 

empirically established explanations for the observed performance patterns. 

RECOMMENDATION 
Future research should examine Edu-Board Game-Assisted STAD across multiple 

classes and schools using randomized, matched, or cluster-randomized designs where feasible, 
with sufficient class-level replication to distinguish instructional effects from teacher and 

classroom influences. Longer interventions and delayed posttests are also recommended to 

determine whether observed improvements are sustained and transferable to other 
mathematical topics. Subsequent studies should employ broader problem-solving measures, 

involve multiple raters for constructed-response scoring, and include validated measures of 
collaboration, engagement, motivation, and other learning processes that may help explain how 

cooperative board-game-based instruction supports mathematical problem solving. 
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