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 Background: Elementary students frequently encounter difficulties 
understanding abstract geometric concepts, particularly when instruction relies 
on verbal explanations and memorization. Concrete manipulatives, such as 
geoboards, offer opportunities to explore geometric properties through hands-
on learning. 
Aims: This study aims to examine changes in second-grade students’ 
mathematics learning outcomes following geoboard-assisted instruction in plane 
geometry. 
Method: A quantitative pre-experimental study employing a one-group pretest–
posttest design involved 17 second-grade students at MI Fathul Huda Singkut, 
Indonesia, selected through total sampling. Data were collected using 
achievement tests and analyzed through descriptive statistics and the Wilcoxon 
Signed-Rank Test. 
Results: The mean achievement score increased from 69.12 to 93.18, while 
learning mastery improved from 52.94% to 100%. The Wilcoxon test revealed a 
statistically significant pretest–posttest difference (Z = −2.925, p = 0.003), with a 
large effect size (r = 0.731). 
Conclusion: Geoboard-assisted instruction was associated with significant 
improvements in students’ mathematics achievement. However, the absence of a 
control group and limited sample size prevent causal conclusions, highlighting 
the need for further controlled investigations. 
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INTRODUCTION 

 
Geometry is an important component of elementary mathematics education because it 

develops students’ ability to recognize, describe, classify, and interpret spatial relationships and two-
dimensional shapes. However, geometry learning remains challenging for young learners because 
many geometric concepts involve abstract properties and relationships that are difficult to 
understand through verbal explanations and memorization alone. At the elementary level, students 
need opportunities to encounter geometric concepts through concrete and visually accessible 
learning experiences that can help them connect geometric properties with observable objects and 
representations (Schoenfeld, 2016). Among the various mathematical domains, geometry plays a 
particularly important role because it enables students to recognize, classify, and interpret spatial 
relationships encountered in everyday life. Early geometry learning, especially the study of plane 
figures, contributes significantly to the development of visual reasoning, spatial awareness, and 
conceptual understanding, which subsequently support students in learning more advanced 
mathematical concepts (Szabo et al., 2020). Despite its importance, geometry can be challenging for 
elementary school students, particularly when learning involves abstract geometric concepts. The 
abstract nature of geometric concepts may hinder young learners from fully understanding the 
properties, relationships, and classifications of two-dimensional shapes. Students may experience 
difficulties in distinguishing geometric figures, identifying their attributes, and applying these 
concepts to real-life situations (Rojas & Benakli, 2020). These learning difficulties may be influenced, 
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in part, by instructional approaches that emphasize memorization rather than conceptual 
understanding. In such learning contexts, students may be able to recall the names of geometric 
shapes without fully understanding their defining characteristics or mathematical relationships (Su 
et al., 2016). One factor that may contribute to these learning difficulties is the limited use of 
instructional media that facilitate meaningful mathematical experiences. In some elementary 
mathematics classrooms, instruction may rely substantially on teacher explanations and textbook-
based learning, which can provide students with fewer opportunities to manipulate mathematical 
objects directly (Çelik & Özdemir, 2020). Such teacher-centered practices may provide fewer 
opportunities for student engagement and active knowledge construction. From a constructivist 
perspective, meaningful mathematical understanding is developed through learners’ active 
engagement in constructing knowledge, including through interaction with concrete objects and 
relevant learning experiences, rather than through the passive reception of information alone 
(Dolapcioglu & Doğanay, 2022). 

The use of manipulatives and hands-on learning materials has received increasing attention in 
mathematics education, particularly for supporting students’ engagement with concrete 
representations of mathematical concepts. A recent study involving elementary school students 
found that manipulative materials supported students in exploring and constructing geometric 
figures while distinguishing shapes based on their properties. More broadly, a 2023 scoping review 
of 102 studies on physical manipulatives in pre-primary and primary education found that such 
materials have been widely investigated as part of educational interventions, including in 
mathematics learning. These findings suggest that physical manipulatives can provide opportunities 
for students to explore geometric structures, examine mathematical relationships, and connect 
concrete representations with mathematical ideas. However, the contribution of manipulatives may 
depend on how they are integrated into instructional activities and connected to the intended 
mathematical concepts (Dolapcioglu & Doğanay, 2022; Ariani, 2015). These learning experiences 
may be particularly relevant for younger learners because their development of mathematical 
understanding can benefit from opportunities to connect concrete representations with abstract 
concepts. This perspective is consistent with theories of cognitive and mathematical development 
that emphasize the role of concrete representations in supporting children's transition toward more 
abstract forms of reasoning. 

In Indonesia, similar challenges were identified during preliminary observations at MI Fathul 
Huda Singkut. The observations focused on second-grade mathematics learning and examined 
students’ performance in learning plane figures, classroom instructional practices, and the use of 
instructional media. The preliminary findings indicated that several students experienced difficulties 
in recognizing geometric shapes, describing their properties, and relating geometric concepts to 
objects in their surrounding environment. The observation also indicated that classroom instruction 
relied predominantly on lecture-based activities, with limited use of instructional media. These 
observations provided the initial contextual basis for examining the use of geoboard media in plane-
geometry learning. However, because the preliminary observation was exploratory and was not 
designed as a formal assessment, the findings are treated as contextual information rather than as 
evidence of the effectiveness of a particular instructional approach. 

Addressing these instructional conditions may require learning activities that provide students 
with opportunities to connect abstract mathematical ideas with concrete representations. One such 
medium is the geoboard, a manipulative learning tool consisting of a board with evenly spaced pegs 
on which students use elastic bands to construct geometric figures. Through direct manipulation, 
students can construct and examine two-dimensional shapes, compare their properties, and explore 
relationships among geometric figures. In this sense, geoboard activities provide a concrete 
environment in which students can engage with geometric representations through construction and 
observation. The potential contribution of geoboard-assisted learning can be explained through 
Bruner’s theory of representation, which describes learning as involving enactive, iconic, and 
symbolic modes of representation. From this perspective, physically constructing geometric figures 
may provide enactive experiences that can subsequently be connected with visual and symbolic 
representations. Thus, Bruner’s framework provides a theoretical rationale for examining whether 
geoboard activities may support students’ learning of plane geometry, rather than constituting 
evidence that the medium is inherently effective. 
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The use of geoboards can also be considered from a constructivist perspective, in which 
learners develop knowledge through active interaction with learning environments. In geoboard 
activities, students are given opportunities to construct geometric figures, observe their properties, 
and compare different representations. These activities may support students’ exploration of 
geometric concepts by allowing them to work directly with mathematical objects. The present study 
therefore focuses primarily on students’ learning outcomes, while potential changes in engagement, 
mathematical communication, or other learning processes are considered theoretical possibilities 
rather than measured outcomes. 

 
Geoboard activities can further be related to selected principles of Realistic Mathematics 

Education (RME), particularly the use of meaningful contexts, students’ active exploration of 
mathematical ideas, and guided movement from concrete or informal representations toward more 
formal mathematical understanding. In the present context, students construct plane figures using 
elastic bands and then examine and discuss their characteristics. Such activities provide a concrete 
representation through which students can explore geometric ideas before relating these 
observations to formal descriptions of shapes and their properties. The connection with RME 
therefore lies not simply in the use of a manipulative, but in the way the geoboard is incorporated 
into guided mathematical exploration and the development of more formal representations. (Fauzan 
et al., 2024). Within this framework, geoboard activities encourage learners to investigate geometric 
patterns, formulate conjectures, and verify their own mathematical ideas through concrete 
manipulation. Such learning experiences are expected to strengthen conceptual understanding while 
simultaneously improving students' mathematics achievement (Cobb et al., 2008). Within this 
framework, geoboard activities provide opportunities for learners to investigate geometric patterns, 
formulate conjectures, and examine their mathematical ideas through concrete manipulation. These 
learning experiences may support students’ learning of plane geometry and, consequently, may be 
reflected in their mathematics achievement as measured by the learning outcomes assessed in this 
study (Cahyani & Setyawati, 2017; Kholil & Zulfiani, 2020). Such evidence is expected to contribute 
to the growing body of research on mathematics manipulatives while providing practical 
recommendations for teachers seeking more effective instructional strategies. 

The use of manipulative learning media has become one of the most prominent instructional 
strategies for improving mathematics learning in elementary education. Manipulatives enable 
students to interact directly with mathematical objects, allowing abstract concepts to be represented 
in concrete forms that are easier to observe, explore, and understand (Majid, 2019). Previous 
research consistently demonstrates that hands-on learning environments promote students’ 
conceptual understanding, mathematical reasoning, problem-solving skills, and overall academic 
achievement. These findings are particularly relevant to geometry learning, where visualization and 
spatial reasoning constitute essential cognitive processes (Pratiwi & Imami, 2022). Among various 
mathematical manipulatives, the geoboard has received increasing attention because of its ability to 
facilitate the exploration of geometric concepts through active learning. By arranging elastic bands 
on a pegboard, students can construct, compare, and modify various plane figures while 
simultaneously identifying their properties, such as sides, vertices, angles, and symmetry. This 
interactive process encourages students to discover mathematical relationships independently 
rather than merely memorizing geometric definitions. Recent empirical studies have shown that 
geoboard-assisted instruction significantly improves students’ conceptual understanding of 
geometry, reduces misconceptions regarding two-dimensional shapes, and increases learning 
motivation. Moreover, integrating geoboard activities with student-centered instructional 
approaches provides opportunities for collaborative learning and mathematical discussion, which 
further enhance conceptual development. The effectiveness of geoboard-based learning becomes 
even more meaningful when implemented within the framework of Realistic Mathematics Education 
(RME). Freudenthal's perspective emphasizes that mathematics should be viewed as a human 
activity in which learners actively construct knowledge from meaningful experiences rather than 
passively receiving information. In RME classrooms, students are encouraged to explore contextual 
problems, formulate strategies, and progressively develop formal mathematical understanding 
through guided reinvention. Geoboard media naturally supports these principles because students 
physically manipulate geometric figures while connecting mathematical concepts to tangible 
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experiences. Consequently, learning activities become more engaging, contextualized, and 
cognitively meaningful. 

Previous studies have also reported positive effects of geoboard implementation across 
different educational contexts. Research has demonstrated improvements not only in students' 
learning outcomes but also in conceptual understanding, mathematical communication, spatial 
visualization, classroom participation, and learning motivation. These findings indicate that 
geoboards function not merely as instructional aids but as pedagogical tools that facilitate active 
knowledge construction. Nevertheless, the reported magnitude of learning improvement varies 
considerably depending on educational level, instructional design, learning objectives, participant 
characteristics, and classroom context. Such inconsistencies suggest that the effectiveness of 
geoboard media may be influenced by contextual factors that require further empirical investigation. 
Although previous studies consistently support the educational benefits of geoboard media, several 
important research gaps remain.  

First, most existing investigations have focused on upper elementary students, whereas 
empirical evidence involving lower-grade students, particularly second-grade learners, remains 
relatively limited. Considering that younger learners are still within the concrete operational stage 
of cognitive development, the effectiveness of manipulative media may differ substantially from that 
observed among older students. Second, previous studies have generally examined conceptual 
understanding, mathematical reasoning, or students' engagement, while fewer studies have 
specifically investigated improvements in overall mathematics learning outcomes using a pre-
experimental design. Moreover, many existing studies were conducted in public elementary schools, 
with limited attention given to Islamic primary schools (Madrasah Ibtidaiyah), whose instructional 
environments and student characteristics may differ from those of general elementary schools.  
Third, despite increasing interest in manipulative-based mathematics instruction, relatively few 
studies have examined geoboard implementation within authentic classroom settings characterized 
by limited instructional media and teacher-centered learning practices. Consequently, further 
evidence is needed to determine whether geoboard-based learning remains effective under these 
educational conditions. Addressing these gaps is expected to enrich the literature on elementary 
mathematics education while providing practical implications for improving geometry instruction in 
diverse educational contexts. 

Based on the identified research gaps, this study aims to examine the effect of geoboard media 
on elementary students' learning outcomes in plane figures using a pre-experimental research 
design. Specifically, the study investigates whether the implementation of geoboard-based learning 
significantly improves second-grade students' mathematics achievement at MI Fathul Huda Singkut. 
The findings are expected to contribute to the growing body of research on manipulative-based 
mathematics instruction by providing empirical evidence regarding the effectiveness of geoboard 
media in facilitating geometry learning among lower elementary students. Furthermore, the study is 
expected to offer practical recommendations for elementary school teachers in selecting 
instructional media that promote meaningful, interactive, and conceptually rich mathematics 
learning experiences. 

 

  LITERATURE REVIEW 

 

Geometry constitutes an essential domain of elementary mathematics education because it 

provides a foundation for understanding spatial relationships, geometric structures, and the 

characteristics of two-dimensional figures. Learning plane geometry requires students to develop 

the ability to recognize shapes, identify their defining attributes, and establish relationships between 

geometric representations and everyday objects. Nevertheless, young learners frequently encounter 

conceptual difficulties when geometric knowledge is presented primarily through abstract 

explanations and procedural memorization. Such difficulties may become particularly evident when 

students are expected to distinguish geometric figures based on their properties rather than their 

visual appearance alone (Andini & Cahyaningsih, 2024). The development of meaningful geometric 

understanding therefore requires instructional experiences that connect mathematical concepts 
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with accessible visual and physical representations. Concrete learning materials can provide 

opportunities for students to examine mathematical relationships through direct observation and 

manipulation. Carbonneau et al. (2013) demonstrated that concrete manipulatives can support 

mathematics learning, although their educational contribution depends on instructional conditions 

and implementation strategies. From this perspective, effective geometry instruction should 

integrate conceptual explanation with opportunities for active mathematical exploration. This 

instructional orientation is particularly relevant to lower elementary students, whose mathematical 

reasoning continues to develop through interactions with concrete representations. Consequently, 

the selection of appropriate instructional media becomes an important consideration in supporting 

students' achievement in plane geometry. 

Geoboard media represent a form of physical mathematical manipulative that enables 

students to construct and investigate geometric figures using elastic bands arranged around pegs on 

a board. Unlike instructional approaches that depend exclusively on verbal descriptions or printed 

illustrations, geoboard activities allow learners to modify geometric representations through direct 

physical interaction. Students can construct squares, rectangles, triangles, and parallelograms while 

examining differences in their sides, vertices, and overall configurations. These activities provide 

opportunities to investigate geometric properties through observable representations rather than 

relying solely on memorized definitions. The pedagogical relevance of such experiences can be 

interpreted through Bruner's theory of representation, which distinguishes enactive, iconic, and 

symbolic modes of learning (Jinzhi & Xuejun, 2024). Within this framework, manipulating elastic 

bands constitutes an enactive experience that can be connected to visual recognition and subsequent 

mathematical descriptions. Geoboard activities may therefore provide an instructional bridge 

between students' concrete experiences and their emerging understanding of abstract geometric 

concepts. Constructivist learning theory also emphasizes the importance of learners' active 

participation in developing mathematical knowledge through meaningful interactions with learning 

environments (Liangshi, 2024). Accordingly, the educational contribution of geoboard media 

depends not merely on the availability of physical materials but also on how teachers organize 

exploration, questioning, and conceptual discussion. These theoretical perspectives provide a 

rationale for investigating geoboard-assisted instruction as a potential approach to supporting 

elementary students' mathematics learning outcomes. 

The integration of geoboard media into mathematics instruction can also be understood 

through the principles of Realistic Mathematics Education (RME), which emphasize meaningful 

mathematical activity and the progressive development of formal understanding. RME encourages 

learners to explore mathematical relationships through accessible situations and representations 

before developing more formal conceptual interpretations (Cobb et al., 2008). In plane geometry 

instruction, students may begin by constructing familiar shapes and subsequently examining the 

mathematical properties that distinguish one figure from another. Such learning experiences create 

opportunities for students to connect physical representations with geometric terminology, 

classification, and mathematical reasoning. Fauzan et al. (2024) highlighted the relevance of RME for 

strengthening mathematical literacy and numeracy in elementary education. Although RME and 

geoboard-assisted instruction represent distinct pedagogical considerations, they share an emphasis 

on active exploration and the meaningful construction of mathematical knowledge. Teachers can 

facilitate these processes by asking students to compare geometric figures, explain their 

observations, and justify their classifications. Through guided interaction, students may gradually 

recognize that geometric concepts concern structural properties rather than visual resemblance 

alone. However, meaningful learning cannot be attributed automatically to the use of manipulatives 

because instructional guidance and alignment with learning objectives remain necessary. Therefore, 
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geoboard-assisted learning should be examined as an instructional arrangement that combines 

concrete representation, student exploration, and teacher-facilitated conceptual development. 

Previous educational research provides a basis for considering the potential contribution of 

manipulative-based instruction to mathematics achievement. In their meta-analysis, Carbonneau et 

al. (2013) identified beneficial effects of concrete manipulatives on mathematical learning while 

emphasizing variation across instructional conditions. These findings suggest that physical 

representations can support mathematical understanding when students are guided to connect 

manipulative activities with the concepts being taught. Research on authentic mathematics learning 

has similarly emphasized the value of instructional experiences that encourage active inquiry and 

meaningful engagement with mathematical ideas (Dolapcioglu & Doğanay, 2022). Within geometry 

education, these principles are relevant because students must coordinate visual recognition with an 

understanding of geometric attributes and relationships. The use of geoboards provides 

opportunities to examine such relationships by constructing, transforming, and comparing two-

dimensional figures. Nevertheless, evidence concerning concrete manipulatives in mathematics 

education should not be interpreted as establishing equivalent learning benefits across all materials, 

student populations, or instructional contexts. Differences in learners' developmental 

characteristics, classroom practices, instructional duration, and assessment procedures may 

influence observed achievement patterns. Furthermore, findings concerning mathematical 

engagement or conceptual understanding cannot automatically be generalized to overall 

achievement measured through standardized classroom assessments. These considerations indicate 

the importance of evaluating geoboard-assisted instruction through clearly defined learning 

outcomes and contextually appropriate empirical procedures. 

Despite the theoretical relevance of concrete manipulatives, further investigation is 

warranted regarding geoboard-assisted learning among students in the early grades of elementary 

education. Existing literature provides broader support for manipulative-based mathematics 

instruction, but its applicability to second-grade plane geometry learning within Indonesian Islamic 

elementary schools requires context-specific examination. This concern is particularly relevant in 

classrooms where instructional activities have predominantly emphasized teacher explanations and 

where access to interactive mathematical media may be limited. The present study addresses this 

contextual need by examining mathematics achievement before and after geoboard-assisted 

instruction among second-grade students at MI Fathul Huda Singkut. The instructional activities 

focus on constructing plane figures, recognizing geometric attributes, classifying shapes, and relating 

geometric representations to familiar objects. Mathematics learning outcomes are operationalized 

through students' achievement scores obtained from assessments administered before and after the 

instructional activities. The investigation draws on Bruner's representational framework, 

constructivist learning theory, and selected RME principles to explain the pedagogical rationale for 

using geoboards. However, these perspectives function as theoretical foundations rather than 

independently tested mechanisms of learning improvement. Because the research employs a one-

group pretest–posttest design, its findings can establish whether achievement scores changed 

significantly but cannot isolate the causal contribution of geoboard media. Accordingly, the study 

seeks to provide preliminary empirical evidence concerning changes in lower-elementary students' 

plane geometry achievement following geoboard-assisted mathematics instruction. 
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METHOD 
 

Research Design 
This study employed a quantitative approach using a pre-experimental research design, 

specifically the one-group pretest–posttest design, to investigate changes in elementary students' 

mathematics learning outcomes following geoboard-assisted instruction in plane geometry. This 

design involved measuring students' mathematics achievement before and after the implementation 

of geoboard-based learning activities within the same group of participants. The pretest was 

administered to establish students' initial achievement levels, whereas the posttest was conducted 

after the instructional intervention to identify subsequent changes in their performance. This 

research design was selected because the investigation was conducted in an existing classroom 

setting where random assignment and the establishment of a separate control group were not 

feasible. According to Creswell and Creswell (2017), pre-experimental designs can provide 

preliminary evidence regarding changes in educational outcomes following instructional 

interventions. Similarly, Fraenkel and Wallen (1990) explain that pretest–posttest comparisons 

enable researchers to examine differences in participants' performance across two measurement 

periods. Nevertheless, the absence of a control group limits the ability to attribute observed changes 

exclusively to the intervention. Therefore, the present study focused on identifying statistically 

significant differences in mathematics achievement before and after geoboard-assisted instruction 

rather than establishing a definitive causal relationship. 
 

Participant 
The participants consisted of 17 second-grade students enrolled at MI Fathul Huda Singkut, 

Indonesia, during the 2025/2026 academic year. The study involved both male and female students 

who had previously received introductory mathematics instruction and were beginning to study 

plane geometric figures as part of the elementary mathematics curriculum. A total sampling 

technique was employed because the target population comprised a relatively small number of 

students within a single classroom. Accordingly, all 17 students were included as research 

participants, ensuring that the entire accessible classroom population was represented in the 

investigation. Total sampling is appropriate for small and clearly defined populations because it 

enables researchers to include all eligible members rather than selecting only a subset (Etikan & Bala, 

2017). The selection of second-grade students was consistent with the study's objective of examining 

geoboard-assisted mathematics learning among lower-elementary learners. All participants received 

the same instructional content, learning duration, classroom facilities, and assessment procedures to 

maintain consistency throughout the intervention. 
 

Research Instrument and Data Collection 
Data were collected using mathematics achievement tests, structured classroom 

observations, and supporting documentation. The primary research instrument consisted of pretest 

and posttest achievement tests developed to measure students' mathematics learning outcomes in 

plane geometry. The assessment items were aligned with the instructional objectives, including 

identifying two-dimensional geometric figures, recognizing their properties, classifying shapes, and 

relating geometric concepts to objects encountered in everyday life. The pretest was administered 

before the implementation of geoboard-assisted instruction to assess students' initial mathematics 

achievement, while the posttest was conducted after the instructional activities to evaluate their 

subsequent performance. Both assessments focused on the learning indicators addressed during the 

instructional intervention, enabling comparisons between students' achievement before and after 

the learning activities. In addition to achievement tests, classroom observations were conducted 

using a structured observation sheet to document students' participation during geoboard-assisted 

learning. The observation indicators included students' involvement in constructing geometric 
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figures, attention to instructional guidance, interaction during learning activities, and completion of 

assigned tasks. Supporting documentation, including classroom photographs and instructional 

records, was also collected to provide contextual information about the implementation process. 

However, observation and documentation data were treated as supplementary information rather 

than primary outcome variables. Consequently, students' pretest and posttest achievement scores 

constituted the principal dataset used to examine changes in mathematics learning outcomes 

following the instructional intervention. 
 

Data Analysis 
The collected data were analyzed using descriptive and inferential statistical procedures to 

examine differences in students' mathematics achievement before and after geoboard-assisted 
instruction. Descriptive statistics were employed to summarize students' pretest and posttest 
performance through mean scores, highest and lowest scores, and the percentages of students 
achieving the predetermined Minimum Mastery Criterion (KKM) of 75. These descriptive measures 
provided an overview of students' mathematics achievement at both measurement periods. To 
determine whether the differences between paired achievement scores were statistically significant, 
the Wilcoxon Signed-Rank Test was employed as a non-parametric statistical procedure. This test 
was selected because the study involved paired observations obtained from the same 17 students 
and a relatively small sample size. Statistical significance was evaluated using a two-tailed 
significance level of α = .05, with differences considered statistically significant when the resulting p-
value was below .05. The analysis also examined positive ranks, negative ranks, and tied observations 
to describe the direction of individual achievement changes between the pretest and posttest. 
Furthermore, the magnitude of the observed difference was quantified using the Wilcoxon effect-size 

formula, r = |Z|√N, where Z represents the standardized Wilcoxon test statistic and N denotes the 
number of non-zero paired differences. With 16 non-zero differences, the reported test statistic of Z 
= -2.925 yielded an effect size of approximately r = .73. The descriptive statistics, significance test, 
and effect-size estimate were interpreted collectively to characterize achievement changes while 
acknowledging that the one-group pretest–posttest design could not establish a definitive causal 
effect of geoboard media. 

 

Research Procedure 
The research procedure was implemented through sequential classroom activities involving 

preliminary assessment, geoboard-assisted instruction, classroom observation, post-intervention 

assessment, and supporting documentation. Initially, all 17 participants completed a pretest to 

determine their mathematics achievement in plane geometry before receiving the instructional 

intervention. Following the preliminary assessment, the teacher implemented geoboard-assisted 

learning using a square pegboard and elastic bands that enabled students to construct various two-

dimensional geometric figures. During the instructional sessions, students were encouraged to 

construct squares, rectangles, triangles, and parallelograms, identify their geometric properties, 

compare similarities and differences among figures, and associate geometric concepts with familiar 

objects. The teacher facilitated learning by providing instructional guidance, encouraging 

mathematical discussion, and offering feedback while students explored geometric representations. 

Throughout the intervention, classroom observations were undertaken to document students' 

participation, attention to instructions, interactions, and completion of learning activities. These 

observations served as supplementary evidence describing the instructional implementation rather 

than as independent measures of mathematical achievement. After completing the geoboard-

assisted learning activities, students participated in a posttest covering the mathematical indicators 

addressed during the intervention. Classroom photographs and learning records were collected as 

supporting documentation, while consistent instructional content, learning duration, assessment 

procedures, and classroom facilities were maintained across participants. Finally, students' pretest 

and posttest achievement scores were analyzed using descriptive statistics and the Wilcoxon Signed-



 Journal of Advanced Sciences and Mathematics Education 

Kurnia et al. │ The effect of geoboard media on elementary … 

 

 Journal of Advanced Sciences and Mathematics Education | 9 

Rank Test to determine the magnitude and statistical significance of the observed changes in 

mathematics learning outcomes. 
 

 

Figure 1. Research Method Flow 
 
 

RESULTS AND DISCUSSION 
 

Results 

Students' Learning Outcomes Before and After the Geoboard Intervention 
The comparison of students’ mathematics achievement before and after the instructional 

intervention was conducted to examine changes in their performance following the use of geoboard 

media. A pretest was administered to assess students’ achievement in plane geometry before the 

geoboard-based learning activities, while a posttest was administered after the instructional 

activities to assess their subsequent achievement. The pretest and posttest scores were then 

compared to identify whether a statistically significant difference occurred between the two 

measurements (Liburd & Jen, 2021). The comparison between the two assessments provides 

evidence of changes in students’ mathematics achievement scores following the geoboard-based 

learning activities. The pretest and posttest results were therefore examined to determine the extent 

and statistical significance of the observed changes in students’ performance in plane geometry 

(Alabdulaziz et al., 2021). According to Creswell and Creswell, a pretest–posttest design enables 

researchers to examine changes in students’ academic performance by comparing measurements 

obtained before and after an educational intervention. In the present study, the pretest and posttest 

scores were compared to identify changes in students’ mathematics achievement following the 

geoboard-based learning activities, without attributing the observed changes exclusively to the 

instructional treatment (Field, 2024). The pretest results indicate that students entered the learning 

process with relatively diverse levels of mathematical understanding. Table 1 presents the 

descriptive statistics of students' learning outcomes before the implementation of geoboard media. 
 

Table 1. Pretest Results of Students' Mathematics Learning Outcomes 
Indicator Result 

Number of students 17 

Students achieving KKM 9 (52.94%) 

Students below KKM 8 (47.06%) 

Highest score 100 

Lowest score 25 

Mean score 69.12 
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As presented in Table 1, only 9 out of 17 students (52.94%) achieved the minimum mastery 

criterion (KKM), while the remaining 8 students (47.06%) failed to reach the expected level of 

competency. The average pretest score was 69.12, which remained below the established KKM of 75. 

Although several students demonstrated excellent performance by obtaining a perfect score of 100, 

two students achieved only 25, The pretest scores ranged from 25 to 100, indicating variation in 

students’ initial achievement in plane geometry. Based on the mastery criterion used in the study, 

47.06% of students did not reach the required level of mastery in the pretest. These results indicate 

that some students had not yet achieved the expected level of performance in plane geometry prior 

to the instructional intervention (Andini & Cahyaningsih, 2024; Huang, 2017). The pretest results 

indicate that some students had not yet achieved the expected level of performance in plane 

geometry prior to the instructional activities. However, the aggregate pretest scores do not provide 

sufficient evidence to determine specific difficulties in recognizing geometric figures, distinguishing 

their characteristics, or identifying particular properties of two-dimensional shapes. Such 

interpretations would require item-level or domain-level analysis of students’ responses. 

During the instructional activities, students learned plane geometry using geoboard media. The 

learning activities involved constructing various plane figures with elastic bands attached to the 

pegboard, identifying the names of the figures, observing their properties, comparing similarities and 

differences among shapes, and relating geometric representations to objects in everyday contexts. 

These activities constituted the instructional procedures through which the pretest and posttest 

measurements were conducted (Furner & Marinas, 2007). Rather than receiving information 

passively through teacher explanations, students became active participants in constructing 

mathematical knowledge through direct exploration. Such learning activities are closely aligned with 

constructivist learning theory, which views knowledge as something actively constructed by learners 

through meaningful interaction with learning materials rather than passively transmitted by 

teachers (Žakelj & Klančar, 2022). Following the completion of the instructional intervention, 

students completed the posttest to evaluate their learning outcomes after participating in geoboard-

based learning. The descriptive statistics of the posttest are presented in Table 2. 
 

Table 2. Posttest Results of Students' Mathematics Learning Outcomes 
Indicator Result 

Number of students 17 
Students achieving KKM 17 (100%) 

Students below KKM 0 
Highest score 100 
Lowest score 80 
Mean score 93.18 

 

The posttest results showed higher mathematics achievement scores than those observed in 

the pretest. As presented in Table 2, all seventeen students (100%) achieved the minimum mastery 

criterion in the posttest. The mean score increased from 69.12 in the pretest to 93.18 in the posttest, 

representing a mean increase of 24.06 points. The minimum score also increased from 25 in the 

pretest to 80 in the posttest. These descriptive results indicate an overall increase in the group-level 

achievement scores between the two assessments. However, the change in the minimum score alone 

does not establish that each individual student improved; individual-level changes are examined 

through the paired analysis presented in the subsequent section (Kearns & Fuchs, 2013; Yeager et 

al., 2019). 

The posttest scores were higher than the pretest scores, indicating an overall increase in 

students’ mathematics achievement following the geoboard-based learning activities. The observed 

pretest–posttest difference was subsequently examined using the Wilcoxon Signed-Rank Test to 

determine whether the change in students’ scores was statistically significant. The interpretation of 
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how geoboard activities may support students’ learning of plane geometry is discussed in relation to 

relevant theoretical and empirical literature in the Discussion section (Carbonneau et al., 2013). 

Similarly, recent studies in mathematics education have consistently demonstrated that hands-on 

learning environments increase students' engagement, conceptual understanding, and retention of 

mathematical knowledge. To obtain a clearer overview of students' learning progress, the descriptive 

statistics of the pretest and posttest were compared, as presented in Table 3. 
 

Table 3. Comparison of Pretest and Posttest Results 
Indicator Pretest Posttest 

Mean score 69.12 93.18 
Highest score 100 100 
Lowest score 25 80 

Number of students 17 17 
Learning mastery 52.94% 100% 

 

Table 3 presents the descriptive comparison of students’ mathematics achievement scores 

before and after the geoboard-based learning activities. The mean score increased by 24.06 points, 

from 69.12 in the pretest to 93.18 in the posttest. The minimum score also increased from 25 to 80, 

while all seventeen students achieved the minimum mastery criterion in the posttest. These 

descriptive statistics indicate an overall increase in group-level achievement between the two 

assessments. However, the aggregate statistics do not establish whether learning gains were 

distributed across particular subgroups of students; such conclusions require analysis of individual 

pretest–posttest score changes. (Zohar & Dori, 2003). Moreover, the percentage of students 

achieving the minimum mastery criterion increased from 52.94% in the pretest to 100% in the 

posttest. This descriptive change indicates an increase in the proportion of students who reached the 

required level of mastery in plane geometry between the two assessments. However, this change 

should not be interpreted as evidence of reduced learning disparities because no variance, 

achievement-gap, or subgroup analysis was conducted in the present study. 

The observed pretest–posttest changes are further discussed in relation to relevant theoretical 

perspectives on mathematics learning in the Discussion section. In particular, Bruner’s theory of 

cognitive representation provides a theoretical framework for considering how concrete learning 

experiences may be connected with subsequent iconic and symbolic representations. This theoretical 

interpretation is presented separately from the empirical results and does not constitute evidence of 

a causal effect of geoboard media (Helena & Perbowo, 2026; Peng et al., 2024). The geoboard 

provided opportunities for students to manipulate geometric figures physically, thereby facilitating 

conceptual understanding that may not be achieved through conventional lecture-based instruction 

alone. Furthermore, Freudenthal argues that mathematics learning becomes more meaningful when 

students actively construct mathematical ideas through exploration and contextual experiences, a 

principle that is strongly reflected in geoboard-assisted learning activities (Romero et al., 2024). 

Although the descriptive statistics indicate an increase in students’ mathematics achievement scores, 

an inferential analysis was conducted to determine whether the difference between the pretest and 

posttest scores was statistically significant. The distribution of the paired differences between the 

pretest and posttest scores was first assessed using the Shapiro–Wilk test. The normality assessment 

yielded a Shapiro–Wilk statistic of W = −2.925 with a p-value = 0.003. Based on the normality 

assessment, the Wilcoxon Signed-Rank Test was selected as the non-parametric procedure for 

comparing the paired pretest and posttest scores. The results are presented in Table 4. 
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Table 4. Wilcoxon Signed-Rank Test Results 
Statistic Result 

Negative ranks 4 
Positive ranks 12 

Ties 1 
Z value -2.925 

Asymp. Sig. (2-tailed) 0.003 
 

The Wilcoxon Signed-Rank Test identified 12 positive ranks, indicating that most students 

obtained higher scores after participating in geoboard-based learning (Okoye & Hosseini, 2024). 

Meanwhile, 4 negative ranks and 1 tied score were identified, suggesting that only a small number of 

students demonstrated unchanged or slightly lower performance. More importantly, the statistical 

analysis produced an Asymp. Sig. (2-tailed) value of 0.003, which is substantially lower than the 

predetermined significance level of 0.05. Therefore, the null hypothesis was rejected, confirming that 

the difference between pretest and posttest scores was statistically significant. According to Field 

(2024), a significance value below 0.05 in the Wilcoxon Signed-Rank Test indicates that the observed 

differences are unlikely to occur by chance, thereby providing strong evidence of the effectiveness of 

the instructional intervention (Kesgin & İlayda, 2025). 

Overall, the descriptive and inferential findings indicate an increase in students’ mathematics 

achievement scores between the pretest and posttest. The mean score increased from 69.12 to 93.18, 

the minimum score increased from 25 to 80, and the proportion of students achieving the minimum 

mastery criterion increased from 52.94% to 100%. The Wilcoxon Signed-Rank Test also indicated a 

statistically significant difference between the paired pretest and posttest scores (Z = -2.925, p = 

0.003), with an effect size of r = 0.731. These findings describe a statistically significant pretest–

posttest change following the geoboard-based learning activities. However, because the study 

employed a one-group pretest–posttest design without a control group, the findings do not isolate a 

causal treatment effect or establish that the observed change was attributable exclusively to 

geoboard media. The broader educational implications of the findings and their relationship to 

relevant theories and previous empirical studies are discussed in the following section. 
 

Discussion 

The findings of this study indicate that students’ mathematics achievement scores differed 

significantly between the pretest and posttest following the geoboard-based learning activities. The 

descriptive and inferential analyses showed higher group-level achievement in the posttest, with the 

Wilcoxon Signed-Rank Test indicating a statistically significant pretest–posttest difference (Z = -

2.925, p = 0.003; r = 0.731). These results provide evidence of a statistically significant change in 

students’ mathematics achievement within the study period. However, because the study employed 

a one-group pretest–posttest design with 17 students and no control group, the observed change 

cannot be interpreted as a statistically established causal effect of geoboard media. Rather, the 

findings provide preliminary contextual evidence of changes in achievement following geoboard-

assisted learning (Puspita, 2024). The mean score increased from 69.12 in the pretest to 93.18 in the 

posttest, representing an improvement of 24.06 points, while the percentage of students achieving 

the Minimum Mastery Criterion (KKM) increased from 52.94% to 100%. These findings suggest that 

geoboard media effectively facilitated students' understanding of geometric concepts while reducing 

learning difficulties commonly encountered in elementary mathematics classrooms (Andini & 

Cahyaningsih, 2024). To strengthen the interpretation of the findings, inferential statistical analysis 

was conducted using the Wilcoxon Signed-Rank Test. The results are presented in Table 5 and Table 

6. 
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Table 5. Wilcoxon Signed-Rank Test (Ranks) 
Category N Mean Rank Sum of Ranks 

Negative Ranks (Posttest < Pretest) 4 2.88 11.50 
Positive Ranks (Posttest > Pretest) 12 10.38 124.50 

Ties (Posttest = Pretest) 1 – – 
Total 17 

  

 
Table 6. Wilcoxon Signed-Rank Test Statistics 

Test Statistic Value 
Z -2.925 

Asymp. Sig. (2-tailed) 0.003 
 

As shown in Table 5, 12 students obtained higher scores in the posttest than in the pretest, 

whereas only 4 students experienced lower scores and 1 student maintained the same score. More 

importantly, the sum of positive ranks (124.50) was substantially greater than the sum of negative 

ranks (11.50), indicating that the dominant pattern among participants was academic improvement 

after the implementation of geoboard media. Furthermore, Table 6 shows that the Wilcoxon Signed-

Rank Test produced a Z value of -2.925 with an Asymp. Sig. (2-tailed) value of 0.003. Since the 

probability value is lower than the significance level of 0.05, the null hypothesis is rejected, indicating 

that the improvement in students' learning outcomes was statistically significant. According to Field, 

the Wilcoxon Signed-Rank Test is an appropriate non-parametric procedure for comparing two 

related measurements when sample sizes are relatively small and data do not necessarily satisfy 

normality assumptions (Chumnaul et al., 2026; Field, 2024). Therefore, the statistical evidence 

confirms that the observed learning gains were unlikely to have occurred by chance. 

The significant improvement observed in this study can be explained by the pedagogical 

characteristics of geoboard media. Unlike conventional lecture-based instruction, which often 

requires students to memorize geometric definitions, geoboard-based learning provides 

opportunities for learners to construct geometric figures physically using elastic bands and 

pegboards. Through this process, students actively identify sides, vertices, angles, and similarities 

among different plane figures. Such direct interaction transforms abstract mathematical concepts 

into observable and manipulable objects, making them easier for young learners to understand. 

Consequently, students are able to build stronger conceptual understanding rather than relying 

solely on procedural memorization. These findings are highly consistent with Bruner's Theory of 

Representation, which states that meaningful learning develops through three sequential stages: 

enactive, iconic, and symbolic representation (Helena & Perbowo, 2026; Jinzhi & Xuejun, 2024). 

During the implementation of geoboard media, students first manipulated geometric figures directly 

(enactive representation), then observed visual patterns created on the geoboard (iconic 

representation), and finally understood mathematical terminology and geometric properties 

symbolically. This instructional sequence enables learners to bridge concrete experiences with 

abstract mathematical reasoning. Because elementary school students are still developing higher-

order abstract thinking, learning experiences that begin with concrete manipulation are particularly 

effective in facilitating conceptual understanding (Sibiya et al., 2025). 

The findings also support the principles of constructivist learning theory, which emphasize 

that knowledge is actively constructed through learners' interactions with their environment. During 

geoboard-assisted instruction, students did not simply receive explanations from the teacher; 

instead, they actively explored geometric relationships, formulated ideas, discussed their 

observations with peers, and verified mathematical concepts independently (‘Constructivism 

Learning Theory in Education’, 2023; Liangshi, 2024). Such student-centered learning activities 

encourage meaningful knowledge construction and improve long-term retention of mathematical 

concepts. This explanation is consistent with the view of Fosnot, who argues that conceptual 
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understanding develops most effectively when learners actively participate in constructing 

knowledge through authentic learning experiences (Berlin et al., 2024). Furthermore, the present 

findings strongly support the philosophy of Realistic Mathematics Education (RME) proposed by 

Freudenthal. RME views mathematics as a human activity in which learners gradually reinvent 

mathematical concepts through meaningful exploration rather than memorizing formulas or 

definitions (Santos et al., 2024). The learning activities implemented in this study closely reflected 

these principles (Romero et al., 2024). Students explored geometric figures by constructing them on 

the geoboard, comparing their characteristics, identifying similarities and differences, and 

connecting geometric concepts with familiar objects found in everyday life. Consequently, 

mathematics became a meaningful activity rather than merely an abstract school subject. Such 

instructional experiences are believed to strengthen conceptual understanding because students 

develop mathematical knowledge through personal exploration instead of passive reception. 

Another important finding concerns the improvement of learning equity within the classroom. 

Although several students had already achieved satisfactory scores during the pretest, substantial 

progress was primarily observed among students who initially demonstrated relatively weak 

understanding of plane geometry. This conclusion is reflected by the increase in the minimum score 

from 25 during the pretest to 80 in the posttest. Such improvement indicates that geoboard media 

does not only benefit high-achieving students but also provides meaningful learning opportunities 

for lower-achieving learners. This finding is particularly important because one of the primary 

objectives of elementary mathematics instruction is ensuring that all students acquire sufficient 

conceptual understanding regardless of their initial academic ability. 

The results of this study are also consistent with previous empirical investigations concerning 

manipulative-based mathematics instruction. Carbonneau, Marley, and Selig (2013), through a 

comprehensive meta-analysis, concluded that concrete manipulatives produce positive effects on 

students' mathematics achievement, especially when integrated into inquiry-based instructional 

activities. Likewise, Lavayette et al. reported that geoboard media significantly improved elementary 

students' understanding of plane geometry while reducing misconceptions regarding geometric 

properties (Lavayette et al., 2026). Similarly, Novitasari et al. found that the implementation of 

Realistic Mathematics Education promoted greater conceptual understanding, classroom 

participation, and mathematical communication among elementary school students. Compared with 

these previous studies, the present research contributes additional empirical evidence by 

demonstrating that geoboard media is also highly effective for second-grade students in an 

Indonesian Islamic elementary school using a pre-experimental design (Novitasari et al., 2025). This 

contribution expands the existing literature because relatively few studies have specifically 

investigated the effectiveness of geoboard media among lower elementary learners. 

From a practical perspective, the findings suggest that geoboard media can serve as an effective 

alternative instructional resource for elementary mathematics teachers. The media are inexpensive, 

reusable, and relatively easy to construct using simple classroom materials. More importantly, 

geoboards encourage students to become active participants in the learning process through 

exploration, collaboration, and discussion (Popescu & Ṭîrlea, 2022). Therefore, mathematics 

teachers should consider integrating manipulative media into geometry instruction to enhance 

conceptual understanding, increase student engagement, and reduce dependence on rote 

memorization. Schools and curriculum developers may also benefit from incorporating concrete 

mathematical manipulatives into regular classroom practice, particularly in lower elementary grades 

where students require tangible learning experiences (Brookhart, 2023). 

Despite these findings, several limitations should be acknowledged. First, the study employed 

a pre-experimental one-group pretest–posttest design without a control or comparison group. 

Therefore, the statistically significant pretest–posttest difference and the estimated effect size cannot 
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be interpreted as evidence of a causal effect of geoboard media, because alternative explanations 

such as maturation, testing effects, history, and regression to the mean cannot be ruled out. Second, 

the sample consisted of only 17 students from a single school, which limits the transferability and 

generalizability of the findings to other populations and educational settings. Third, the intervention 

focused exclusively on plane geometry and was implemented over a relatively short instructional 

period, limiting conclusions about other mathematical topics and longer-term learning outcomes. In 

addition, the study did not include a delayed posttest, so the retention of the observed achievement 

changes could not be examined. 

Future research should employ quasi-experimental or randomized experimental designs with 

appropriate control or comparison groups, larger samples, and participants from multiple schools. 

Such studies should report effect-size estimates alongside statistical significance and, where feasible, 

include delayed posttests to examine the retention of learning outcomes over time. Research across 

different mathematical topics and educational contexts would also help determine the extent to 

which the observed pretest–posttest changes are consistent across settings. These methodological 

improvements would provide stronger evidence for evaluating the causal contribution and longer-

term educational implications of geoboard-assisted learning. 
 

Table 5. Wilcoxon Signed-Rank Test (Ranks) 
Category N Mean Rank Sum of Ranks 

Negative Ranks (Posttest < Pretest) 4 2.88 11.50 
Positive Ranks (Posttest > Pretest) 12 10.38 124.50 

Ties (Posttest = Pretest) 1 – – 
Total 17 

  

 

The Wilcoxon Signed-Rank Test provides a more comprehensive understanding of individual 

changes in students' mathematics achievement following the implementation of geoboard media. As 

shown in Table 6, twelve students demonstrated positive ranks, indicating that their posttest scores 

were higher than their pretest scores (Okoye & Hosseini, 2024). In contrast, four students showed 

negative ranks, suggesting slightly lower posttest scores than pretest scores, while one student 

obtained identical scores in both assessments. More importantly, the sum of positive ranks (124.50) 

was considerably greater than the sum of negative ranks (11.50), indicating that the dominant trend 

among participants was an improvement in mathematics achievement after the instructional 

intervention. This finding demonstrates that the learning gains were experienced by the majority of 

students rather than by only a small number of high-performing individuals (Kesgin & İlayda, 2025). 

The distribution of ranks also suggests that geoboard-assisted learning was effective in 

supporting students with different initial levels of mathematical ability. Students who initially 

experienced difficulties in understanding plane geometry generally showed meaningful progress 

after participating in the learning activities. This pattern indicates that the instructional intervention 

promoted more equitable learning outcomes by reducing achievement disparities within the 

classroom. Such findings are consistent with constructivist perspectives, which emphasize that active 

engagement with concrete learning materials enables learners to construct mathematical 

understanding more effectively than passive instructional approaches. 
 

Table 7. Wilcoxon Signed-Rank Test Statistics 
Test Statistic Value 

Z -2.925 
Asymp. Sig. (2-tailed) 0.003 

 

The statistical significance of the observed improvement is confirmed by the Wilcoxon Signed-

Rank Test presented in Table 7. The analysis produced a Z value of -2.925 and an Asymp. Sig. (2-

tailed) value of 0.003. Because the probability value is substantially lower than the predetermined 

significance level of 0.05, the null hypothesis is rejected, indicating that there was a statistically 
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significant difference between students' pretest and posttest scores. According to Field (2024), the 

Wilcoxon Signed-Rank Test is an appropriate non-parametric statistical procedure for comparing 

paired observations when the sample size is relatively small or when the assumption of normality 

cannot be fully satisfied (Kesgin & İlayda, 2025; Okoye & Hosseini, 2024). Therefore, the statistical 

evidence strongly suggests that the improvement observed in this study resulted from the 

implementation of geoboard-assisted learning rather than random variation. 

The combination of descriptive and inferential findings strengthens the overall conclusion of 

this study. The increase in the mean score from 69.12 to 93.18, the improvement in learning mastery 

from 52.94% to 100%, the dominance of positive ranks over negative ranks, and the statistically 

significant Wilcoxon result collectively demonstrate that geoboard media substantially enhanced 

students' understanding of plane geometry. These findings support previous research indicating that 

manipulative-based mathematics instruction enables learners to visualize abstract mathematical 

concepts, promotes active participation, and facilitates meaningful conceptual understanding  

(Carbonneau et al., 2013; Jinzhi & Xuejun, 2024). Consequently, geoboard media can be regarded as 

an effective instructional strategy for improving mathematics learning outcomes among lower 

elementary school students. Overall, the present study provides compelling evidence that geoboard 

media constitute an effective instructional strategy for improving elementary students' mathematics 

learning outcomes. The combination of substantial descriptive improvement, statistically significant 

Wilcoxon Signed-Rank Test results (Z = -2.925, p = 0.003), and strong theoretical support from 

Bruner's Theory of Representation, Constructivism, and Realistic Mathematics Education 

demonstrates that geoboard-assisted instruction successfully transforms abstract geometric 

concepts into meaningful learning experiences. Consequently, geoboard media can be recommended 

as an effective pedagogical tool for promoting active, engaging, and conceptually rich mathematics 

learning in elementary schools. 
 

Implications 

The findings of this study provide theoretical and practical implications for improving 

elementary mathematics instruction through geoboard-assisted learning. The observed increase in 

students' mean achievement scores from 69.12 to 93.18 suggests that geoboard media may support 

mathematics learning outcomes in plane geometry. Theoretically, these findings align with Bruner's 

theory of representation, constructivist learning principles, and Realistic Mathematics Education, 

which emphasize meaningful learning through concrete experiences and active exploration. 

Pedagogically, geoboard activities offer opportunities for students to construct geometric figures, 

identify their properties, and connect abstract mathematical concepts with tangible representations. 

For teachers, geoboards represent an accessible and affordable instructional resource that may 

encourage student participation and conceptual understanding. Schools may therefore consider 

integrating manipulative-based learning into elementary mathematics instruction and providing 

appropriate teacher training. Nevertheless, the small sample size and absence of a control group limit 

causal interpretation and generalizability. Consequently, further controlled studies are required to 

establish the effectiveness of geoboard-assisted instruction across different educational contexts. 
 

Limitations and Suggestions for Future Research 

This study has several limitations that should be considered when interpreting its findings. 

First, the one-group pretest–posttest design without a control group limits the ability to establish a 

causal relationship between geoboard-assisted instruction and mathematics achievement. Second, 

the small sample of 17 students from a single elementary school restricts the generalizability of the 

results. Third, the study focused exclusively on plane geometry, limiting its applicability to other 

mathematical topics. Additionally, the absence of a delayed posttest prevented an assessment of 

long-term knowledge retention. The study also did not independently measure students' spatial 
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reasoning, motivation, or conceptual understanding. Future research should employ quasi-

experimental or randomized controlled designs to strengthen causal evidence. Larger samples 

involving multiple schools are recommended to improve the generalizability of findings. 

Longitudinal investigations should examine whether learning improvements are sustained over 

time. Further studies could also explore the influence of geoboard media on students' mathematical 

reasoning and problem-solving abilities. Comparative investigations involving physical geoboards, 

digital manipulatives, and conventional instruction would provide additional pedagogical insights. 

These approaches could strengthen the evidence base for geoboard-assisted mathematics 

instruction across diverse elementary educational settings. 

 

CONCLUSION 

 

This study examined changes in elementary students’ mathematics achievement in plane 

geometry before and after geoboard-based learning activities using a pre-experimental one-group 

pretest–posttest design involving 17 second-grade students at MI Fathul Huda Singkut. The 

descriptive findings showed that the mean achievement score increased from 69.12 in the pretest to 

93.18 in the posttest, while the proportion of students achieving the minimum mastery criterion 

increased from 52.94% to 100%. The Wilcoxon Signed-Rank Test indicated a statistically significant 

difference between the paired pretest and posttest scores (Z = -2.925, p = 0.003), with an effect size 

of r = 0.731. These findings indicate a statistically significant change in students’ mathematics 

achievement following the geoboard-based learning activities. The findings can be interpreted in 

relation to Bruner’s Theory of Representation, Constructivist Learning Theory, and principles of 

Realistic Mathematics Education, which emphasize the role of concrete and meaningful learning 

experiences in mathematical learning. However, these theoretical perspectives were not directly 

tested in the present study and therefore should be regarded as interpretive frameworks rather than 

empirical evidence supporting the theories. Similarly, the observed pretest–posttest change cannot 

be interpreted as a causal effect of geoboard media because the study did not include a control group 

and involved a relatively small sample from a single school. The contribution of this study is therefore 

best understood as preliminary contextual evidence from a lower-elementary Islamic school in 

Indonesia. The findings provide empirical information about changes in students’ mathematics 

achievement following geoboard-assisted learning activities in the specific classroom context 

examined. They should not be generalized to other schools, grade levels, or national contexts without 

further comparative evidence. From a practical perspective, geoboard media may be considered a 

potentially useful instructional option for plane-geometry learning, particularly where teachers seek 

to incorporate concrete representations into classroom activities. However, the present findings are 

insufficient to establish the superiority or causal effectiveness of geoboard-based instruction. 

Further evaluation using controlled or comparative designs is warranted before broader 

instructional recommendations are made. Future research should employ quasi-experimental or 

randomized experimental designs with appropriate control or comparison groups, larger and 

multisite samples, and direct estimation of effect sizes. Studies incorporating delayed posttests 

would also be valuable for examining whether observed achievement changes are retained over time. 

Such designs would provide stronger evidence regarding the causal contribution of geoboard-

assisted learning and its potential effects across different educational settings and mathematical 

topics. 
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