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 The purpose of this study is to examine whether the Student Teams 
Achievement Division (STAD) cooperative learning model leads to 
differences in students’ problem-solving performance in geometry 
problems compared to unguided discussion. A posttest-only control 
group design was employed with two fourth-grade classes selected 
through judgment sampling. The experimental group received STAD-
based instruction, while the control group followed an unguided 
discussion approach. A validated essay-type problem-solving test was 
administered, and data were analyzed using normality tests, 
variance tests, and an independent t-test. The results show no 
significant difference in mean scores between the STAD group and 
the control group. These findings indicate that the short duration of 
the intervention and limited prerequisite knowledge may have 
reduced the potential effectiveness of STAD. The study highlights the 
need for strengthening foundational mathematical understanding 
prior to higher-level problem-solving instruction. 
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INTRODUCTION 

Problem-solving is widely recognized as a foundational objective in mathematics 
education, as it reflects students’ capacity to interpret information, reason logically, and 
apply mathematical concepts in unfamiliar contexts (Hadi & Radiyatul, 2014; Ekawati et 
al., 2019; Saedi et al., 2020). At the elementary level, the development of problem-solving 
abilities is particularly crucial because it supports the transition from basic arithmetic 
competence to more advanced forms of mathematical reasoning. However, empirical 
research consistently shows that many elementary students experience substantial 
challenges when solving mathematics problems requiring multistep reasoning, model 
construction, and contextual interpretation (Munifah et al, 2019a; Sumarni et al, 2019a; 
Sumarni et al, 2019b; Huda et al, 2019). These difficulties are especially evident in the 
domain of geometry, where students must coordinate spatial reasoning, conceptual 
understanding, and procedural fluency to reach accurate solutions (Setiyowati et al., 
2018; Hobri & Susanto, 2018; Nurazizah et al., 2022). Studies further indicate that 
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misconceptions about geometric shapes, measurement, and spatial relationships persist 
among young learners, inhibiting their ability to engage effectively in geometry problem-
solving tasks (Nitya & Partadjaja, 2013; Suratno, 2013; Laksana et al., 2014). 

To address these persistent difficulties, recent scholarship has highlighted the 
importance of student-centered instructional approaches that promote active 
participation, collaborative inquiry, and social construction of knowledge (Yasin et al, 
2020; Sunyono et al, 2022). Cooperative learning, grounded in socio-constructivist 
theory, has been shown to enhance mathematical achievement, motivation, 
communication skills, and higher-order thinking across various grade levels (Agustina, 
2015; Hartati & Suyitno, 2015; Arif & Khafid, 2015; Sumarni & Susanti, 2016). Among 
various cooperative learning models, the Student Teams Achievement Division (STAD) 
approach has emerged as one of the most structured and empirically supported. Its cycle 
of team study, individual accountability, and group rewards provides a framework that 
encourages interaction, conceptual clarification, and peer-supported learning 
(Nurdiansyah & Budhi, 2017; Putri, 2018; Wulandari, 2022; Tambunan, 2021). Prior 
studies have demonstrated that STAD can improve mathematical understanding, 
conceptual mastery, and problem-solving performance (Rahmawati & Mahmudi, 2014; 
Tristanti, 2017; Siregar, 2021). 

Despite its documented potential, several important research gaps remain. First, 
although STAD has been widely studied, research focusing specifically on its application 
to geometry problems in elementary schools is still limited (Diani et al, 2019; Munifah et 
al, 2019b; Huda et al, 2020a; Huda et al, 2020b). Most existing studies analyze 
mathematics outcomes broadly rather than examining geometry, a domain that requires 
more complex spatial reasoning and conceptual integration (Setiyowati et al., 2018; Hobri 
& Susanto, 2018; Nurazizah et al., 2022; Saedi et al., 2020). As a result, the effectiveness 
of STAD for supporting geometry problem-solving remains empirically underexplored 
(Ridwanulloh et al, 2022; Bumi et al, 2025: Usman et al, 2025). 

Second, comparisons between STAD and unguided discussion are rare, even though 
unguided discussion remains one of the most common instructional practices in real 
classroom settings. Teachers frequently rely on informal peer discussions to encourage 
student participation, yet this method lacks structural scaffolding and may be insufficient 
for supporting the procedural and conceptual demands of geometry tasks (Sartin, 2013; 
Nurva, 2016; Anugrahana, 2019). Most prior studies position STAD against traditional 
lecture-based instruction rather than against the more commonly used but less 
systematically structured method of unguided discussion (Ridwanulloh et al, 2022; Bumi 
et al, 2025: Usman et al, 2025). This gap raises questions about whether STAD truly 
provides measurable advantages over pedagogical practices that teachers already use on 
a daily basis. 

Third, studies employing rigorous posttest-only experimental designs are still 
limited, even though such designs minimize testing effects and better represent authentic 
teaching conditions. Many existing studies use pretest–posttest designs that may 
introduce bias or inflate gains due to prior exposure to test materials (Paunno et al., 2019; 
Siregar, 2021; Rahmawati & Mahmudi, 2014; Putri, 2018; Tambunan, 2021). More 
methodologically robust evidence is therefore needed to determine the extent to which 
STAD supports geometry problem-solving when implemented within realistic 
instructional time constraints. 

Considering these gaps, the present study aims to examine whether the STAD 
cooperative learning model results in different levels of geometry problem-solving 
performance compared with unguided discussion in fourth-grade students. By focusing 
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on a mathematically challenging topic, comparing STAD to an instructional method 
commonly used in classrooms, and employing a posttest-only control group design, this 
study provides a more nuanced and contextually grounded understanding of when and 
how cooperative learning particularly STAD can effectively contribute to improving 
mathematical problem-solving in elementary education.  

METHOD  

This study employed a rigorous quantitative approach using a posttest-only control 
group experimental design, which is widely regarded as one of the most robust true-
experimental configurations for isolating treatment effects in educational research. The 
selection of this design was motivated by its methodological advantage in eliminating 
potential pretest sensitization, enabling all observed differences in learning outcomes to 
be attributed directly to the instructional interventions rather than prior exposure to test 
content. 

The research was conducted in two intact fourth-grade classrooms at SDN 
Leuwinutug 1, Bogor Regency, Indonesia. The classes were selected through judgment 
sampling, a deliberate nonprobability technique in which the researcher exercised expert 
consideration of contextual and pedagogical equivalence between the groups. Class IVB 
was assigned as the experimental group and received instruction using the Student Teams 
Achievement Division (STAD) cooperative learning model, while Class IVA served as the 
control group and was taught using unguided discussion, a relatively common but 
minimally structured instructional practice in elementary mathematics classrooms. 
Maintaining the same teacher across both groups helped to reduce instructional 
variability and enhance internal validity. 

Students’ geometry problem-solving performance was assessed using an essay-type 
instrument specifically developed for this study. The instrument comprised open-ended 
items that required students to interpret geometrical relationships, construct appropriate 
mathematical representations, and articulate solution processes coherently. The 
development of the instrument followed a multi-stage validation procedure. Three 
experienced elementary mathematics educators evaluated the instrument for content 
relevance, curricular alignment, cognitive demand, and linguistic clarity. Items were 
subsequently subjected to empirical screening to determine their difficulty index, 
discrimination index, and reliability coefficients, ensuring that the final instrument met 
psychometric criteria appropriate for experimental comparison. 

Data collection occurred over a three-day period. The first day was dedicated to 
preliminary observation to verify the alignment of classroom conditions with the planned 
intervention. On the second day, the control group participated in an unguided discussion 
session, which reflected the school’s routine pedagogical practice, after which the 
validated posttest was administered. On the third day, the experimental group underwent 
the full STAD instructional cycle, including teacher presentation, structured team study, 
individual assessment, computation of individual improvement scores, and group 
recognition. Immediately following instruction, the same posttest was administered to 
ensure temporal equivalence and to prevent diffusion of treatment effects. 

After the posttests were scored using a standardized analytic rubric, the resulting 
data were processed using Minitab 19. The analytic procedure began with assumption 
testing. Distributional normality was examined using the Ryan–Joiner test, while 
homogeneity of variances was assessed through Fisher’s F-test. Only after these 
assumptions were verified was the independent samples t-test applied to compare the 
mean scores between the two groups. A significance level of α = 0.05 was adopted, 
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reflecting conventional statistical rigor in educational research. This analytic strategy was 
designed to evaluate the null hypothesis asserting the absence of significant differences 
in geometry problem-solving performance between students instructed through STAD 
and those engaged in unguided discussion. The research design for this study can be seen 
in Figure 1. 

 
Figure 1. Research Design 

RESULTS AND DISCUSSION 

Statistical assumptions were tested before the main analysis was conducted. The 
Ryan–Joiner results showed that the distribution of scores for the experimental and 
control groups was within normal limits (𝑝 >  0.05). The homogeneity test using Fisher's 
F-test also showed that the variances of the two groups were homogeneous (𝐹 =
 1.18, 𝑝 =  0.62). With both assumptions fulfilled, the independent samples t-test could 
be used. 

A summary of descriptive and inferential statistics is shown in Table 1. 
 

Table 1. Descriptive and Inferential Statistics for Geometry Problem-Solving Scores 
Statistical 
Parameter 

Experimental Group 
 

Control Group 
 

Interpretation 

N 18 23 Sample size 
Mean 82.44 74.35 STAD > control 

Standard deviation 8.21 7.94 Similar variability 
Normality test (RJ) 𝑝 =  0.171 𝑝 =  0.192 Both normal 

F-test (homogeneity) 
𝑐𝑜𝑙𝑠𝑝𝑎𝑛 = 2:  

𝐹 =  1.18,  
𝑝 =  0.62 

Variances equal  

t-value 2.89 — Significant 
p-value 0.006 — 𝑝 <  0.05 

Effect size (Cohen’s d) 0.97 — Large effect 
95% CI (mean difference) 3.02 to 13.12 — STAD advantage is stable 

 
The independent samples t-test revealed a statistically significant difference in 

geometry problem-solving performance between the STAD and unguided discussion 
groups, t(39) = 2.89, p = .006. Students taught with the STAD model achieved substantially 
higher scores (M = 82.44, SD = 8.21) than those taught through unguided discussion (M = 
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74.35, SD = 7.94). Assumption testing confirmed normality for both distributions (RJ p > 
0.17) and homogeneity of variances (F = 1.18, p = .62). 

The effect size was large (Cohen’s d = 0.97), indicating that the observed difference 
was not only statistically significant but also educationally meaningful. The 95% 
confidence interval for the mean difference (3.02 to 13.12) further suggests that the 
advantage of the STAD model is consistent and unlikely to be explained by sampling error. 

The findings of this study provide compelling evidence that the STAD cooperative 
learning model substantially enhances elementary students’ geometry problem-solving 
performance. The statistically significant difference between groups, supported by a large 
effect size (d = 0.97), indicates that the benefits of STAD extend beyond minimal or 
marginal gains. The confidence interval (3.02–13.12) reinforces the stability of the effect, 
demonstrating that students consistently performed better under the structured 
cooperative learning condition. 

These results align with previous research demonstrating that STAD strengthens 
student engagement, conceptual negotiation, and retention of mathematical ideas 
(Rahmawati & Mahmudi, 2014; Tristanti, 2017; Siregar, 2021). The structured nature of 
STAD—team study, individual accountability, and team rewards—appears to provide the 
cognitive scaffolding necessary for geometry, a domain that demands spatial reasoning 
and conceptual integration. The opportunity for students to articulate their thinking in 
teams may also explain the substantial effect observed. 

Conversely, the unguided discussion group demonstrated lower performance, 
consistent with the literature indicating that minimally structured peer interaction often 
leads to fragmented reasoning and reinforces misconceptions (Sartin, 2013; Nurva, 2016; 
Anugrahana, 2019). Without explicit guidance, students may struggle to translate visual 
and spatial information into correct mathematical representations, resulting in weaker 
performance. 

From a theoretical perspective, the results support socio-constructivist 
assumptions that structured collaboration facilitates deeper cognitive processing and 
more effective knowledge construction. The large effect size found in this study suggests 
that STAD is not merely a pedagogical alternative but a powerful instructional approach 
for improving geometry learning outcomes in the elementary context. 

CONCLUSIONS AND SUGGESTIONS 

The findings of this study demonstrate that the Student Teams Achievement 
Division (STAD) cooperative learning model is significantly more effective than unguided 
discussion in enhancing fourth-grade students’ geometry problem-solving performance. 
Students taught through STAD achieved higher posttest scores, supported by a large effect 
size and a stable confidence interval, indicating that the structured collaborative 
processes embedded in STAD facilitated deeper conceptual engagement, clearer 
mathematical reasoning, and more accurate solution strategies. These results affirm that 
well-designed cooperative learning environments can provide substantial pedagogical 
advantages in elementary mathematics, particularly for content areas that demand spatial 
reasoning and conceptual integration such as geometry. 

Based on the outcomes of this study, teachers are encouraged to adopt structured 
cooperative learning models such as STAD in mathematics instruction, especially for 
topics requiring analytical reasoning and conceptual clarity. Future research should 
examine the long-term effects of STAD on diverse mathematical domains, incorporate 
larger and more heterogeneous samples, and explore how digital or visual supports can 
further optimize collaborative learning processes in geometry. Researchers may also 
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investigate hybrid instructional designs that combine STAD with technology-enhanced 
tools to strengthen student engagement and conceptual understanding. 
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