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Abstract
Integrating digital learning media in primary education has become increasingly important to enhance

student engagement and academic achievement, particularly in subjects that students often perceive as

difficult, such as mathematics. Interactive technologies such as Smartboards provide dynamic visual and

interactive learning environments that can potentially improve students’ interest and learning outcomes.

This study aims to examine the effect of interactive Smartboard media on students’ learning interest and

mathematics achievement among fourth-grade students at SDN Kebun 2 Kamal. The research employed

a quasi-experimental design with a quantitative approach. The sampling technique used was saturation

sampling, involving the entire population of 50 students from classes IV-A and IV-B. The research in-

struments consisted of a mathematics learning achievement test and a questionnaire measuring students’

learning interest. Data were analyzed using IBM SPSS version 21, including tests of validity, homogeneity,

normality, and an independent samples t-test. The findings reveal a statistically significant improvement

in both students’ interest and learning outcomes after the implementation of Smartboard-based instruc-

tion, with a significance value of 0.000 (p < 0.05). The results indicate that the use of Smartboard media

effectively enhances students’ engagement and academic performance in mathematics. Therefore, Smart-

board technology can be recommended as an alternative instructional medium to support the achievement

of learning competencies in elementary mathematics education
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1. Introduction

Mathematics is widely recognized as a discipline that plays a crucial role in the development of log-

ical, analytical, and problem-solving abilities. [1] asserts that proficiency in mathematics extends

beyond routine cognitive engagement, functioning as a fundamental basis for higher-level intellec-

tual development. Furthermore, [2] emphasizes that a solid understanding of mathematics supports
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the advancement of science and technology, both of which constitute essential components of mod-

ern life. However, [3] indicates that the abstract characteristics of mathematical concepts demand

deep conceptual comprehension, which often presents substantial challenges for elementary school

students. These difficulties are particularly evident in specific topics such as geometry, fractions,

and basic mathematical operations, as noted by [4].

Developing learning independence in mathematics is therefore essential for addressing these chal-

lenges. [5] and [6] highlight that learning autonomy encourages students to take initiative in con-

fronting academic difficulties and to explore diverse strategies for problem-solving. In contrast, [7]

identifies limited independence and low self-confidence as indicators of excessive dependence on

teachers during the learning process. In this context, [8] proposes that effective time management,

the ability to recognize stages in problem-solving, and accountability for learning outcomes are im-

portant indicators of students’ autonomous learning. Moreover, [9], [10], and [11] argue that the

use of educational media plays a significant role in enabling students to experiment with various

solution strategies, strengthening their confidence, and enhancing intrinsic motivation. Similarly,

[12] and [13] emphasize that the integration of learning media enables students not only to man-

age their learning time efficiently and solve problems independently, but also to actively engage in

constructing, connecting, and deepening their understanding of knowledge.

Conceptual understanding serves as a criterion for success in mathematics learning. [14] asserts that

students who understand the concept can apply the information in various contexts and enhance

their responses. In addition, [15] also describes learning understanding as the ability to assimilate,

integrate, and connect new concepts with existing knowledge and experiences. [16] emphasizes that

the educational process should prioritize the synthesis of ideas, the construction of meaning, and

the practical application of concepts in real-world contexts. For example, [17] shows that learning

understanding is a substantial predictor of academic achievement in elementary school. [18], [19]

assert that students with deep understanding can express information in their own terms, provide

application examples, and solve related challenges. [20] argues that students who do not understand

the concept often make repeated mistakes and have difficulty connecting concepts.

One potential approach to addressing these challenges is the use of learning resources that are

aligned with students’ cognitive levels and learning characteristics. In this regard, [21] emphasizes

that interactive and engaging instructional media can effectively stimulate students’ interest and

motivation in the learning process. Among various instructional tools, puzzles represent a learning

medium that not only provides entertainment but also promotes the development of logical thinking

skills [22].

In the context of mathematics learning, puzzles function as strategically valuable instructional tools.

According to [23], puzzle-based activities encourage active student engagement through processes

of strategic exploration and knowledge integration, which in turn contribute to improved conceptual

understanding. Furthermore, [24] argues that puzzles provide learners with opportunities to identify

problem-solving steps, select appropriate strategies, and regulate their own learning pace indepen-

dently. Such conditions support the development of learning autonomy by giving students greater

control over the management of their learning processes. In addition, [25] states that puzzle-based

learning environments create active, enjoyable, andmeaningful learning experiences. Through these

activities, students engage in visual reasoning, systematic problem-solving, and collaborative inter-

action, all of which facilitate a deeper internalization and understanding of mathematical concepts.

Several studies have proven the benefits of using puzzles. First of all, [26] showed that learning com-

prehension can be improved through puzzle media, with 70% of students achieving classical mastery.

[27] also found that 85% of students successfully completed the task using the "nested summation"

idea after using the puzzle. Again, [28] also stated that students’ learning independence increased
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dramatically, with an average post-test score of 92.67 compared to a pre-test score of 34. [29], in their

quasi-experimental study published in the Journal of Science Education Research, found that puzzle-

based learning media significantly improved mathematical problem-solving abilities, particularly in

geometry material requiring conceptual understanding and spatial analysis.

Previous studies have demonstrated that puzzle-based learning can enhance students’ conceptual

understanding and promote independent learning. However, most of these studies tend to examine

only a single dimension of learning outcomes, such as conceptual comprehension, learning inde-

pendence, or problem-solving ability. Only a limited number of studies have attempted to integrate

the two key aspects—conceptual understanding and independent learning of elementary school

students—within a single research framework. Moreover, the majority of previous investigations

have focused on specific mathematical topics, such as geometry or multi-step addition, thereby re-

stricting the application of puzzles as a pedagogical tool to particular content areas. Consequently,

a research gap remains, particularly regarding how the simultaneous integration of puzzle-based

learning media can enhance both conceptual understanding and learning independence among el-

ementary school students within a broader instructional context. This study seeks to address this

gap by examining the potential of puzzle media as an effective pedagogical approach to improving

conceptual understanding while simultaneously fostering students’ independent learning attitudes.

Preliminary observations at SDN Petapan 2 indicate that mathematics instruction is still predomi-

nantly conducted using conventional teaching methods. In such settings, students are not actively

engaged in the learning process, which leads to confusion when they encounter problems that differ

from previously practiced examples. As a result, many students experience difficulties in under-

standing fundamental concepts, particularly fractions and basic mathematical operations, and they

demonstrate limited ability to learn independently. In response to these issues, the present studywas

conducted to overcome students’ conceptual barriers and enhance their learning autonomy through

the use of puzzle-based learning media. The findings of this study are expected to contribute to

improving the quality of mathematics instruction at SDN Petapan 2 and to support the develop-

ment of a generation of independent learners capable of facing future academic challenges. Based

on the discussion above, this study investigates whether the use of puzzle learning media signif-

icantly improves (1) students’ conceptual understanding and (2) learning independence compared

with conventional instructional approaches.

2. Methods

2.1 Research Design

This research uses a two-group pre-test and post-test design with a quantitative methodology and

a quasi-experimental framework. This methodology was chosen because of its ability to explain the

treatment effects on the variable being investigated. Besides that, this study also uses a dual sampling

procedure, starting with saturation sampling to ensure the representation of student characteristics.

2.2 Research Subjects

There are 60 students in classes V-C and V-D at Petapan 2 Primary School who participated in this

study. Each class consists of 30 children carefully selected based on academic criteria and classroom

arrangement. The selection of research subjects for this study was made to ensure that the research

results are more controlled and it accurately represents the field setting.

2.3 Research Instruments

There are two types of research instruments: a test of mathematical concept understanding and a

learning independence questionnaire. The concept understanding test is designed to assess students’
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ability to understand mathematical concepts both before and after therapy. The exam questions are

based on the concept knowledge indicators from the elementary school curriculum. The learning

independence questionnaire was designed to determine students’ level of independence during the

learning process. This questionnaire was created using a Likert scale and addresses topics such as

time management, learning initiative, self-confidence, and responsibility for learning outcomes.

The experimental group received an intervention involving the use of puzzle-based media in mathe-

matics instruction, whereas the control group continued to receive instruction through conventional

teachingmethods. The implementation of puzzle-based learningwas carried out systematically, with

each session conducted for approximately 30 minutes during the core learning phase. The interven-

tion was administered six times over a period of three weeks. The puzzle activities employed in this

study were designed around key mathematical concepts, including number-based puzzles, geomet-

ric shape puzzles, and logical reasoning puzzles. These activities were intended to support students’

conceptual understanding while simultaneously encouraging the development of learning indepen-

dence.

The effectiveness of puzzle-based learning media in improving students’ conceptual understanding

and independent learning was evaluated by comparing the post-intervention learning outcomes of

the experimental group with those of the control group. This comparison enabled the study to

determine the extent to which the integration of puzzle media contributed to improvements in both

cognitive understanding and students’ autonomous learning behaviours.

2.4 Data collection techniques

The research instrument underwent an initial trial to confirm its quality. The item and question-

naire validity coefficients ranged from 0.62 to 0.81, and the Cronbach’s Alpha reliability was 0.89.

The sample was determined using cluster random sampling, and external factors were controlled by

standardizing the schedule and learning materials. Data analysis includes homogeneity tests, nor-

mality tests, and independent samples t-tests, which were performed using IBM SPSS version 21.

This research aims to determine the significant differences between the experimental group and the

control group in terms of arithmetic understanding and learning autonomy of elementary school

students.

3. Results and Discussion

3.1 Results

The purpose of this study is to examine how the use of puzzle media affects students’ knowledge

of mathematical concepts and their learning independence in fifth-grade students at Petapan 2 Pri-

mary School. The independent samples T-test statistical test was used to evaluate the results of the

experimental group using puzzle media against the control group using conventional techniques.

Table 1. Examining the Mean Understanding learning Scores of Students Statistically

Group Statistics
Class N Mean Std. Deviation Std. Error Mean

Understanding Experiment Class 30 82.20 8.360 1.526
Learning Control Class 30 59.00 21.494 3.960

The experimental and control groups differed significantly in their understanding of mathematical

learning, according to statistical analysis using an independent samples t-test. The experimental

group had an average learning comprehension score of 82.20, compared to the control group’s score
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of 59, a difference of 23.2 points. The comparison of the test score results for the experimental and

control classes is as follows:

Figure 1. Comparison of Post-test scores for understanding learning test in the experimental and control groups.

The graph in Figure 1 illustrates a comparison of understanding learning test scores between the

experimental and control groups, with the experimental group achieving an average score of 82.2,

while the control group only achieved an average score of 59. The following table shows the results

of the independent samples t-test:

Table 2. Understanding Learning variable results from an independent samples T-test

Independent Samples Test
Levene’s Test for Equality of Vari-
ances

t-test for Equality of Means

F Sig. t df Sig. (2-
tailed)

Mean
Differ-
ence

Std.
Er-
ror
Dif-
fer-
ence

95% Con-
fidence
Interval of
the Differ-
ence

Lower Upper
Learning
Interest

Equal
vari-
ances
as-
sumed

27.909 .000 5.510 58 .000 23.200 4.211 14.771 31.629

Equal
vari-
ances
not as-
sumed

5.510 37.578 .000 23.200 4.211 14.673 31.727

The results of Levene’s test for equality of variances indicate an F value of 27.909 with a significance

level of 0.000, suggesting that the assumption of homogeneity of variances is violated and that the

variances between the groups are unequal. Accordingly, the subsequent analysis was conducted

under the assumption of unequal variances. The results of the independent samples t-test reveal a

t-value of 5.510 with 37.578 degrees of freedom (df) and a Sig. (2-tailed) value of 0.000, indicating a

highly statistically significant difference between the two groups. Furthermore, the mean difference
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is supported by a 95% confidence interval ranging from 14.673 to 31.727, which strengthens the

robustness and reliability of the findings. The results of the hypothesis testing using the independent

samples t-test on learning independence are presented in Table 3.

Table 3. Examining the Mean Independence Learning Scores of Students Statistically

Group Statistics
Class N Mean Std. Deviation Std. Error Mean

Understanding Experiment Class 30 54.93 8.233 1.503
Learning Control Class 30 41.43 12.662 2.312

Independent samples t-tests showed a significant difference between the experimental and control

groups in terms of students’ learning independence. The experimental group using puzzle media

scored an average of 54.93, while the control group only scored 41.43, a difference of 13.5 points.

This difference indicates that students who learn using puzzle media have a higher level of learning

independence compared to children who learn using traditional techniques. The comparison of the

test score results for the experimental and control classes is as in the Graph in Figure 2.

Figure 2. Comparison of Posttest scores for learning independence test in the experimental and control groups.

The graph in Figure 2 illustrates a comparison of learning independence test scores between the

experimental and control groups, with the experimental group achieving an average score of 54.9,

while the control group only achieved an average score of 41.9. The difference in results indicates

that the intervention used in the experimental group had a positive impact on students’ learning

independence. Table 4 presents the results of the independent samples t-test:

Table 4. Learning Independence variable results from an independent samples T-test

Independent Samples Test
Levene’s Test for Equality of Vari-
ances

t-test for Equality of Means

F Sig. t df Sig. (2-
tailed)

Mean
Differ-
ence

Std.
Er-
ror
Dif-
fer-
ence

95% Con-
fidence
Interval of
the Differ-
ence

Lower Upper
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Learning
Interest

Equal
vari-
ances
as-
sumed

11.594 .001 4.896 58 .000 13.500 2.757 7.980 19.020

Equal
vari-
ances
not as-
sumed

4.896 49.804 .000 13.500 2.757 7.961 19.039

The significance value (Sig. 2-tailed) is 0.000, which is substantially lower than the predetermined

threshold of = 0.05, indicating the presence of a statistically significant difference between the com-

pared groups. The results of Levene’s test for equality of variances show an F-value of 11.594 with

a significance level of 0.000, suggesting that the assumption of homogeneity of variances is violated

and that the variances between the groups differ. However, the analysis remains statistically valid

because the independent samples t-test was conducted using the unequal variances assumption. The

test results show a t-value of 4.89 with 58 degrees of freedom (df). In addition, the % confidence in-

terval, ranging from 7.980 to 19.020, further supports the robustness of the findings. These results

provide empirical evidence that the use of puzzle media has a significant and positive impact on

improving students’ independent learning 2,776.

3.2 Discussion

This study demonstrates that puzzle-based learning media significantly improves students’ learning

comprehension and learning independence at Petapan 2 Primary School. The experimental group

achieved an average comprehension score of 82.20, whereas the control group obtained a mean score

of 59.00, resulting in a difference of 23.2 points. Similarly, the experimental group demonstrated a

higher level of learning independence, with an average score of 54.93 compared with 41.43 in the

control group, representing a difference of 13.5 points. The results of the independent samples t-test

further confirm the statistical significance of these differences (p-value = 0.000, <0.05). These findings

indicate that puzzle-based learning media contributes substantially to both cognitive outcomes and

students’ autonomous learning behaviors. In the context of this study, puzzles function notmerely as

instructional tools but also as pedagogical media that integrate cognitive engagement and affective

involvement within mathematics learning.

The findings of this study are consistent with previous empirical research. For instance, [30] re-

ported that puzzle-based learning media can enhance students’ focus and conceptual understand-

ing. Similarly, [31] argue that puzzle-based educational games can increase learning motivation

while simultaneously fostering learning independence. Furthermore, [32] concluded that puzzles,

as interactive instructional media, enhance student participation in the learning process and directly

influence learning outcomes. In addition, [33] highlighted that puzzles contribute to the development

of critical thinking skills as well as independent learning indicators, including time management and

problem-solving strategies. Supporting these findings, [34] emphasized the consistent contribution

of puzzle-based activities to improving mathematics learning outcomes.

Further empirical evidence has been provided by [35], who demonstrated through a quasi-experimental

approach that puzzle-based learning strategies significantly improve student academic achievement.

Likewise, [29] showed that puzzle-based learning effectively enhances students’mathematical problem-

solving skills, particularly in geometry. At the primary education level, [36] found that puzzle-

based learning promotes student engagement, creativity, and critical thinking. From a constructivist

learning perspective, [37] further demonstrated that instructional approaches incorporating puz-
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zles significantly enhance students’ mathematical problem-solving abilities. Moreover, [38] revealed

that puzzle-based cooperative learning methods, which emphasize collaboration and independent

problem-solving, contribute to improved mathematics learning outcomes.

The theoretical foundation supporting these findings can be explained through the constructivist

learning paradigm. According to Piaget and Vygotsky, learning is a process in which individuals ac-

tively construct knowledge through direct experience and interaction with their environment [39].

Within this framework, puzzles enable students to explore, experiment, and discover solutions in-

dependently, thereby facilitating deeper conceptual understanding [40]. Constructivist theory em-

phasizes the active involvement of learners in the knowledge construction process, which is closely

associated with the development of autonomous learning skills [40]. Puzzle-based learning aligns

with these principles because it enables students to connect abstract mathematical concepts with

concrete experiences while simultaneously fostering a sense of responsibility for their own learning

process.

The significance of these findings can also be interpreted within the framework of student-centred

learning. As emphasized by [41], learning media should be adapted to students’ characteristics in

order to achieve optimal learning outcomes. In this study, puzzles functioned as an effective medium

within a student-centered learning approach, allowing students at Petapan 2 Primary School to ac-

tively engage in the learning process from the initial exploration stage to the final evaluation stage.

In line with this argument, [42] emphasize that interactive media, such as puzzles, facilitate stu-

dents’ understanding of complex concepts, enable them to relate learning content to their personal

experiences, and accommodate diverse learning styles. In this context, puzzle-based learning not

only improves academic outcomes but also promotes an adaptive, creative, and enjoyable learning

environment.

The effectiveness of puzzles in improving students’ comprehension and self-directed learning skills

is particularly relevant at the elementary education level. Puzzle-based activities require active en-

gagement, sequential problem-solving, and independent task completion, making them highly suit-

able for young learners. Moreover, puzzles accommodate variations in students’ abilities, create

an engaging and supportive learning atmosphere, and strengthen logical reasoning as well as spa-

tial analysis skills. These characteristics make puzzle-based media an effective pedagogical tool for

elementary mathematics instruction.

From an educational perspective, the primary implication of this study is that puzzles can function

as a bridge between abstract mathematical concepts and students’ real-life experiences. Through

puzzle-based activities, students develop logical reasoning, spatial analysis abilities, and indepen-

dent learning habits that are essential for understanding more complex mathematical concepts in

subsequent stages of learning. Consequently, the use of appropriately designed puzzle media is

not only relevant for improving immediate learning outcomes but also for strengthening students’

long-term cognitive foundations and cultivating positive learning dispositions.

Overall, the findings of this study indicate that puzzle-based learning media play a significant role in

supporting students’ conceptual understanding and independent learning development. Supported

by a strong theoretical foundation in constructivist and student-centered learning theories, puzzle-

based instruction represents a meaningful pedagogical innovation for addressing challenges in el-

ementary mathematics education, particularly those related to the comprehension of abstract con-

cepts and the development of autonomous learning skills.
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4. Conclusion

Below is a proofread and academically strengthened version of your discussion section, written in

clearer, more coherent, and more formal language appropriate for a Q1 Scopus-indexed journal.

The results of the independent samples t-test revealed a significance value of 0.000, which is lower

than the threshold of 0.05. This finding indicates that the use of puzzle-based learning media has a

statistically significant effect on the learning outcomes of fifth-grade students at Petapan 2 Primary

School, particularly in terms of conceptual understanding and learning independence. The findings

suggest that puzzle-based activities not only support students’ comprehension of mathematical con-

cepts but also encourage the development of independent learning behaviors. From a theoretical

perspective, this study provides empirical evidence that game-based learning media can simultane-

ously integrate cognitive and affective dimensions within the instructional process. In addition to

functioning as visual instructional aids, puzzles also stimulate intrinsic motivation and foster stu-

dents’ self-directed learning abilities. The interactive and problem-solving nature of puzzle-based

learning encourages students to actively engage with learning materials while constructing their

own understanding. From a practical standpoint, these findings provide pedagogical guidance for

educators to systematically integrate puzzle-based activities into mathematics instruction in order

to enhance classroom interactivity, student engagement, and active learning participation. Nev-

ertheless, several limitations should be acknowledged. This study was conducted within a single

educational institution and focused on a specific subject area, which may limit the generalizability

of the findings. Future research is therefore recommended to expand the scope of investigation by

involving different educational levels, such as secondary and higher education, as well as broader

disciplinary contexts including language, arts, and social sciences. Furthermore, interdisciplinary

approaches may provide deeper insights into the potential of puzzle-based learning as an innovative

instructional strategy. Such efforts would contribute to the advancement of educational practices and

support the transformation of learning toward a more holistic and integrative educational paradigm.

The independent sample T-test revealed a significance value of 0.000, which is below 0.05. This

shows that the use of puzzle media substantially affects the educational outcomes of 5th-grade stu-

dents at SDN Petapan 2 Bangkalan, particularly in terms of concept understanding and independent

learning. Puzzles have demonstrated the ability to enhance the understanding of mathematical con-

cepts and encourage independent learning in children. This research argues that game-based media

can simultaneously encompass cognitive and emotional aspects. Puzzles serve as efficient visual aids

while encouraging intrinsic motivation and independent learning skills.

This study offers guidance for educators to systematically integrate puzzles into mathematics teach-

ing, ultimately enhancing student engagement and participation. Additionally, these findings pro-

vide recommendations to curriculum policymakers to consider incorporating game-based media,

such as puzzles, into new learning methodologies. As a result, the curriculum can better meet stu-

dents’ needs in developing critical thinking skills, fostering independent learning, and enhancing

intrinsic motivation.

This study has its limitation that lies in its narrow scope, as it was conducted at only one uni-

versity and within specific disciplines. Therefore, further research is recommended to expand the

focus to secondary and higher education levels, as well as other fields such as language, arts, or

social sciences. Interdisciplinary studies will enhance the understanding of puzzles as a new edu-

cational approach while simultaneously advancing learning reforms toward a more comprehensive

paradigm.
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