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ABSTRACT The demands of 21st-century learning identify mathematical communication skills
asan essential competency that needs to be developed through active and meaningful learning
models. This study aimed to determine the effect of implementing discovery learning on stu-
dents’ mathematical communication skills. This study employed a quasi-experimental method
with a quantitative approach and a pretest--posttest control group design. The population con-
sisted of all eighth-grade students in the regular program at SMP Negeri 10 Bandar Lampung
during the 2025/2026 academic year and was distributed across six classes. The research sam-
ple was selected using purposive sampling and consisted of class VIII-6, with 30 students, as the
experimental class and class VIII-10, with 30 students, as the control class. Data were collected
using a mathematical communication skills test. The results showed that discovery learning
had a significant effect on students’ mathematical communication skills. The Mann--Whitney U
test yielded Zeount = —3.21 < Ziticat = —1.64 at the 0.05 significance level; therefore, Hy was
rejected. In addition, the mean N-Gain score of students in the discovery learning class (0.69)
was higher than that of students in the conventional learning class (0.53), indicating that stu-
dents taught through discovery learning demonstrated greater improvement in mathematical
communication skills.

Keywords: discovery learning, junior high school students, mathematical communication skills,
quasi-experimental design

INTRODUCTION

Education is a conscious and planned process aimed at developing students’ potential
holistically, encompassing intellectual, moral, and social aspects, as well as the skills nec-
essary for life (Rahman et al., 2022). As society and technology continue to develop, ed-
ucation systems must continuously adapt to address the challenges of the 21st century
(Siregar, 2021). In this context, learning is shifting from teacher-centered to student-
centered approaches to develop the 21st-century skills known as the 6Cs: critical think-
ing, creativity, communication, collaboration, character, and citizenship (Inganah et al.,
2023; Khotimah et al., 2024).
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One subject that plays a key role in developing these skills is mathematics (Fajriyah,
2022). Mathematics learning is oriented not only toward mastering concepts but also
toward developing various essential competencies, one of which is mathematical com-
munication. This aligns with the learning outcomes established by BSKAP Kemendik-
dasmen (2025), which emphasize students’ ability to communicate mathematical ideas
clearly and systematically. Furthermore, communication is identified as one of the pri-
mary standards in mathematics education by NCTM (2000), while OECD (2019) empha-
sizes that mathematical literacy encompasses the ability to represent and communicate
solutions logically.

However, various studies indicate that students’ mathematical communication skills in
Indonesia remain relatively low. The 2015 TIMSS results show that the average mathe-
matics score of Indonesian students was 397, which was categorized as low (Mullis et
al., 2016). The 2022 PISA results also show that Indonesian students achieved only 366
points in mathematics, far below the international average (OECD, 2023). These find-
ings indicate that students continue to experience difficulty understanding problems,
representing concepts, and communicating solutions accurately.

These findings are supported by studies indicating that students are not yet able to ex-
press mathematical ideas systematically through representations, mathematical mod-
els, or conclusions (Arina and Nuraeni, 2022; Pratama et al., 2024; Rizki and Budiman,
2025). A similar situation was identified at SMP Negeri 10 Bandar Lampung through
preliminary tests and teacher interviews. On the first problem, only 7% of students
fulfilled all three indicators of mathematical communication skills, while 93% met only
two indicators, namely drawing and mathematical expression. On the second problem,
28.6% of students fulfilled all three indicators, whereas 71.4% met only the drawing
and mathematical expression indicators. These responses were not yet of high qual-
ity because many students still made errors in constructing mathematical models, per-
forming calculations, and representing problems through drawings. Teacher interviews
alsoindicated that students experienced difficulty understanding problem information,
modeling problems mathematically, carrying out accurate calculations, and presenting
information visually. This suggests that teacher-centered instruction limits students’
active engagement in constructing and communicating mathematical understanding.

To address these issues, a student-centered learning model that encourages active en-
gagement in discovering concepts is needed. One model that can be implemented is
discovery learning, which emphasizes exploration, information processing, and draw-
ing conclusions independently through the stages of stimulation, problem statement,
data collection, data processing, verification, and generalization (Damanik et al., 2020).
This model provides students with opportunities to express ideas and construct under-
standing more systematically.
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Several previous studies have shown that discovery learning positively affects students’
mathematical communication skills (Etia et al., 2019; Fahmi et al., 2019; Sabrina, 2023).
However, research specifically examining the effect of this model on mathematical com-
munication skills in specific junior high school contexts and subject areas remains lim-
ited.

Based on this discussion, there is a gap between the demands of mathematics educa-
tion, which emphasize mathematical communication skills, and students’ current profi-
ciency. Therefore, this study aimed to examine the effect of implementing the discov-
ery learning model on students’ mathematical communication skills.

RESEARCH METHOD

This quantitative study employed a quasi-experimental design. The population con-
sisted of all 185 eighth-grade students in the regular program at SMP Negeri 10
Bandar Lampung during the odd semester of the 2025/2026 academic year. Pur-
posive sampling was used because the selected classes had relatively similar mean
final-semester assessment scores and were taught by the same teacher; therefore,
their initial abilities were considered comparable. Based on these considerations, class
VIII-6 was designated as the experimental class and taught using discovery learning,
while class VIII-10 was designated as the control class and taught using conventional
instruction. The study used a pretest—posttest control group design. Both groups
completed a pretest to determine their initial abilities, received different treatments,
and completed a posttest to determine their final abilities. The research design is
presented in Table 1 (Sugiyono, 2023).

Table 1. Pretest--Posttest Control Group Design

Group Pretest Treatment Posttest
Experimental O, X O,
Control O3 X Oy

Description: O = pretest score of the experimental group; O, = posttest score of the
experimental group; O3 = pretest score of the control group; O, = posttest score of the control
group; X, = discovery learning; X, = conventional instruction.

Data were collected using an essay test designed to measure students’ mathematical
communication skills. The test was based on three indicators: drawing, mathemati-
cal expression, and written text. The drawing indicator measured students’ ability to
present mathematicalideas through pictures or diagrams; the mathematical expression
indicator measured students’ ability to express mathematical ideas using mathematical
symbols or models; and the written text indicator measured students’ ability to explain
ideas or problem-solving procedures in writing.
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The instrument consisted of three open-ended items designed according to the math-
ematical communication indicators. Before being administered, the instrument under-
went pilot testing to determine its validity, reliability, discriminating power, and diffi-
culty level. The analysis showed that all items met the established criteria and were
suitable for data collection. A summary of the pilot-test results is presented in Table 2.

Table 2. Summary of Test Instrument Pilot Study Results

Item Validity Reliability Discriminating Power Difficulty Level Conclusion
1 0.77 0.53 (Good) 0.62 (Moderate)
2 Valid : 0.58 (Good) 0.62 (Moderate) Usable
(Reliable)
3 0.48 (Good) 0.52 (Moderate)

Normalized gain scores were used to determine the improvement in students’ mathe-
matical communication skills. The N-Gain score was calculated using the following for-
mula:

posttest score — pretest score
maximum possible score — pretest score

N-Gain =

Before hypothesis testing, prerequisite tests were conducted, including a normality
test using the chi-square test and a homogeneity test. The experimental-class data
were normally distributed, whereas the control-class data were not normally dis-
tributed. Therefore, the nonparametric Mann-Whitney U test was used to determine
whether the improvement in mathematical communication skills differed between the
experimental and control classes at a significance level of 0.05.

RESULTS AND DISCUSSION

The initial stage of data collection involved administering a pretest to the experimental
and control classes to assess students’ initial mathematical communication skills. The
pretest results are presented in Table 3.

Table 3. Students’ Initial Mathematical Communication Skills

Class Students Mean Minimum Maximum  Standard
Deviation

Experimental 30 4.67 2 11 2.35

Control 30 6.17 3 12 2.48

Table 3 shows that the mean initial mathematical communication score of students in
the control class was higher than that of students in the experimental class, with a dif-
ference of 1.50. The control class also obtained higher minimum and maximum scores.
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However, the standard deviations of the two classes were relatively similar, indicating
that the distributions of students’ initial abilities tended to be comparable.

Students’ final mathematical communication skills in the experimental and control
classes were assessed through a posttest. The posttest results are presented in
Table 4.

Table 4. Students’ Final Mathematical Communication Skills

Class Students Mean Minimum Maximum  Standard
Deviation

Experimental 30 17.80 9 23 4.25

Control 30 15.67 9 21 3.13

Table 4 shows that the experimental class obtained a higher mean final mathematical
communication score than the control class, with a difference of 2.13. The maximum
score in the experimental class was also higher than that in the control class. This in-
dicates that instruction using discovery learning resulted in better final outcomes than
conventional instruction.

Gain data were calculated from the pretest and posttest results to assess the improve-
ment in mathematical communication skills in both classes. The N-Gain scores are pre-
sented in Table 5.

Table 5. Improvement in Students’ Mathematical Communication Skills

Class Students Mean Minimum Maximum  Standard
Deviation

Experimental 30 0.69 0.22 0.95 0.20

Control 30 0.53 0.19 0.86 0.16

Table 5 shows that the experimental class achieved a higher mean improvement in
mathematical communication skills than the control class. This indicates that discov-
ery learning was more effective than conventional instruction in improving students’
mathematical communication skills.

Students’ achievement on each mathematical communication indicator was then ana-
lyzed to identify improvements in each aspect. The results are presented in Table 6.
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Table 6. Achievement of Mathematical Communication Skills Indicators

. Experimental Control
Indicator P
Pretest Posttest Pretest Posttest
Drawing 17% 69% 22% 51%
Written text 9% 60% 13% 52%
Mathematical expression 32% 91% 40% 88%

Table 6 shows that all mathematical communication indicators improved in both
classes, but the improvement in the experimental class was greater. These findings
indicate that discovery learning was more effective in developing students’ mathe-
matical communication skills, particularly in the drawing and mathematical expression
indicators. Although written text had the lowest achievement, the experimental
class demonstrated greater progress in expressing mathematical ideas in writing.
Overall, the results confirm that discovery learning enhanced students’ mathematical
communication skills more effectively than conventional learning.

Following the descriptive analysis, hypothesis testing was conducted to determine
whether the improvement in mathematical communication skills differed between the
two classes. Because the N-Gain data of one class were not normally distributed, the
nonparametric Mann-Whitney U test was used. The results are presented in Table 7.

Table 7. Mann--Whitney U Test Results

Zcount Zcritical « Decision

-3.21 —1.64 0.05 Hy is rejected

Table 7 shows that, at a significance level of o = 0.05, Zcount Was smaller than Zgitical;
therefore, H, was rejected. This indicates that the improvement in mathematical
communication skills of students who participated in discovery learning was statis-
tically greater than that of students who participated in conventional learning. The
hypothesis-test results indicate that discovery learning had a greater effect on stu-
dents’ mathematical communication skills than conventional learning. Thisis evidenced
by the higher N-Gain scores in the experimental class and the stronger achievement
of the communication indicators. These findings are consistent with Ocha (2025),
who found that discovery learning was effective in improving students’ mathematical
communication skills. Thus, implementing discovery learning contributes to the
development of students’ mathematical communication skills.

This improvement was observed for each indicator. For the drawing indicator, both
classes improved, but the experimental class achieved higher results than the conven-
tional class. In the experimental class, the percentage of achievement increased from
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17% on the pretest to 69% on the posttest. Students became increasingly able to rep-
resent problems through diagrams, although some drawings remained incomplete or
inaccurate. During learning, students were presented with problems in student work-
sheets that required them to express mathematical ideas through drawings and relate
them to the concepts being studied. These activities encouraged students to represent
mathematical ideas visually and made conceptual understanding clearer. This finding
aligns with Hodiyanto (2017), who states that visual representation is an essential com-
ponent of mathematical communication because it helps students understand and ex-
plain concepts more clearly.

For the written text indicator, students’ mathematical communication skills also im-
proved, with the experimental class achieving higher results than the control class. The
percentage of achievement increased from 9% on the pretest to 60% on the posttest.
This improvement was evident in students’ ability to write solution procedures and an-
swers in response to the worksheet problems. Through these activities, students be-
came accustomed to organizing ideas systematically and coherently. However, achieve-
ment on this indicator remained relatively lower than on the otherindicators. Although
students were able to write solution procedures, many were still unable to clearly ex-
plain their reasoning or provide accurate conclusions. Written mathematical commu-
nication requires not only conceptual understanding but also the ability to construct
coherent and logical arguments. This finding aligns with Riyadi et al. (2021), who state
that systematically writing mathematical ideas is a complex skill and is relatively more
difficult to develop than visual or symbolic representation.

For the mathematical expression indicator, both classes improved, but the experi-
mental class achieved higher results than the control class. In the experimental class,
achievement increased from 32% on the pretest to 91% on the posttest. This im-
provement was evident in students’ ability to express mathematical ideas in symbolic
Form or as mathematical models. Most students constructed mathematical models
correctly, although some calculation errors remained. In discovery learning, students
were encouraged to understand a problem before expressing it symbolically. Group
discussions also encouraged students to exchange ideas while constructing mathe-
matical models, thereby deepening their conceptual understanding. This aligns with
Aurelyasari and Nur (2023), who state that mathematical expression reflects students’
ability to present ideas logically, systematically, and accurately.

The improvement in students’ mathematical communication skills was influenced by
the stages of discovery learning integrated into the student worksheets: stimulation,
problem statement, data collection, data processing, verification, and generalization.
During stimulation, students received guiding questions related to the material to
foster curiosity about the problems being studied. This aligns with Muyassaroh and
Waluya (2023), who state that stimuli encourage students to understand problems

4. https://doi.org/10.30606/absis.v9i2.4478 379


https://doi.org/10.30606/absis.v9i2.4478

JURNAL ABSIS

Jurnal Pendidikan Matematika dan Matematika
Vol. 9 No. 2, August 2026 Sani et al.

more deeply. During the problem statement stage, students were guided to identify
important information and formulate the problem based on the given question. This
activity helped students understand the context before constructing a mathematical
model. Noviyanto and Wardani (2020) and Marisya and Sukma (2020) state that this
stage trains students to identify problems, formulate questions, and develop initial
hypotheses as a basis for problem-solving.

During data collection, students gathered relevant information through group discus-
sions, reading learning resources, and asking the teacher questions. Hosnan (2014)
states that students are encouraged to actively seek and discover information as a foun-
dation for problem-solving during this stage. During data processing, students pro-
cessed the information they had gathered by constructing mathematical models, per-
forming calculations, and representing the results in various forms. Ilmiati (2024) and
Budiastuti et al. (2023) explain that this stage trains students to analyze and process
data to find solutions to the given problems.

During verification, students rechecked the accuracy of their answers by reviewing
their solution procedures or substituting their results into the equation. This activity
improved accuracy and reinforced conceptual understanding. This aligns with Ilmiati
(2024), who states that verification aims to ensure consistency between the results
obtained and the given problem. The final stage was generalization, in which students
drew conclusions based on the results of their discussions and learning activities. Stu-
dents presented their answers and systematically explained the procedures they used.
According to Dari and Ahmad (2020), generalization helps students draw conclusions
based on findings from the learning process.

Overall, discovery learning provided a more meaningful learning experience because
students were actively engaged in every stage of the learning process. Students not
only understood concepts but were also trained to communicate mathematical ideas
through various forms of representation. This aligns with Etia et al. (2019), who state
that discovery learning trains students to express ideas through discussion, and with
Welinawati (2018), who asserts that exploration- and collaboration-based learning en-
hances students’ active participation. In contrast, conventional learning tended to be
teacher-centered, resulting in less active student involvement in discussions and the
expression of ideas. Consequently, students’ mathematical communication skills were
not developed optimally. Laili et al. (2024) state that conventional learning tends to
make students more passive and limits their opportunities to develop communication
skills. Based on the overall discussion, discovery learning had a more positive effect on
students’ mathematical communication skills than conventional learning. The model
encouraged students to actively understand, process, and communicate mathematical
ideas, allowing their mathematical communication skills to develop more effectively.
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CONCLUSION AND SUGGESTIONS

Based on the results and discussion, it can be concluded that the implementation of
discovery learning had an effect on the mathematical communication skills of eighth-
grade students. These findings highlight the importance of discovery learning in math-
ematics instruction because it encourages students to actively express ideas and sys-
tematically present solutions through various forms of representation.

Teachers are therefore encouraged to implement discovery learning with more tar-
geted guidance, particularly during the data collection and data processing stages, by
providing clear examples, step-by-step exercises, and practice in writing solution pro-
cedures in a logical sequence. From an academic perspective, this study strengthens
the empirical evidence regarding the effectiveness of discovery learning in improving
mathematical communication skills. Future studies should examine the implementa-
tion of this model with a focus on indicators that still show relatively low achievement,
such as drawing and written text, and should employ a longer research period to obtain
optimal results.
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