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Abstract

This study addresses the critical issue of low literacy and numeracy skills among elementary
school students, as highlighted by national and international assessments. To bridge this gap,
the research aims to evaluate the effectiveness of the Student Teams Achievement Division
(STAD) cooperative learning model in improving literacy and numeracy skills. The study
employed a Classroom Action Research (CAR) design, conducted in two cycles with 20 fifth-
grade students from SD Negeri 7 Palembang as participants. Instruments included lesson plans,
observation sheets, literacy-numeracy tests, and field notes. Data were collected through
observations and tests and analyzed using descriptive quantitative and qualitative methods. The
findings indicate significant improvement in literacy and numeracy skills, with 90% of students
categorized as “Good” or “Very Good” in Cycle II, compared to 70% in Cycle I. Student
engagement also increased from 55% in Cycle | to 75% in Cycle Il. The study demonstrates
the potential of the STAD model to create collaborative learning environments that foster
critical thinking, problem-solving, and active participation. This research contributes to the
theoretical framework of cooperative learning and offers practical implications for enhancing
foundational competencies in alignment with the Kurikulum Merdeka and Sustainable
Development Goals (SDGS).

Keywords: cooperative learning; literacy; numeracy; STAD model; student engagement

How to cite: Hiltrimartin, C., Hartono, Y., Somakim, Mulyono, B., Wati, D., Susanto, P. A,
& Aulia, M. (2025). Effectiveness of the STAD Cooperative Learning Model in Enhancing
Literacy and Numeracy Skills Among Fifth-Grade Students. Lentera Sriwijaya: Jurnal Ilmiah
Pendidikan Matematika, 7(1), 1-17. https://doi.org/10.36706/jls.v7i1.80

Received: 8 January 2025 | Revised: 28 May 2025
Accepted: 2 February 2025 | Published: 29 May 2025

Ou

Lentera Sriwijaya is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License.

1


https://creativecommons.org/licenses/by-sa/4.0/
mailto:cecilhiltrimartin@fkip.unsri.ac.id
https://doi.org/10.36706/jls.v7i1.80

2 Lentera Sriwijaya, Volume 07, No. 1, May 2025, page. 1-17

Introduction

Literacy and numeracy skills have become critical issues in global education. The Programme
for International Student Assessment (PISA) report highlights that many students worldwide,
including those in Indonesia, perform below the international average in these foundational
competencies (OECD, 2019). Nationally, the Minimum Competency Assessment (AKM),
implemented by Indonesia's Ministry of Education, Culture, Research, and Technology in
2021, also underscores the low literacy and numeracy skills of elementary school students.
These findings reflect significant challenges within the education system in improving basic
competencies effectively (Kemdikbud, 2021).

To address these challenges, this study examines innovative teaching strategies,
particularly the Student Teams Achievement Division (STAD) cooperative learning model,
which has shown potential to improve learning outcomes. STAD emphasizes small-group
collaboration, fostering both social interaction and academic achievement. As Slavin (2015)
argues, cooperative learning models like STAD are effective in motivating students, enhancing
their critical thinking skills, and reinforcing conceptual understanding through peer interaction.
This aligns with findings from Caridah et al. (2024), who highlight that integrating innovative
teaching methods improves not only academic outcomes but also critical thinking and problem-
solving skills—key components of global educational goals outlined in the Sustainable
Development Goals (SDGS).

Aligned with the findings of Caridah et al. (2024), integrating literacy and numeracy
through innovative teaching strategies is not only relevant to achieving national education
objectives but also consistent with the Sustainable Development Goals (SDGs), particularly
SDG 4. This study emphasizes that strategies such as cooperative learning can enhance literacy
and numeracy skills, which include analyzing data, logical reasoning, and solving complex
problems—skills that are essential in 21st-century education. This approach has also proven
effective in addressing gaps in literacy and numeracy skills across diverse educational contexts
globally, as outlined by Larsen et al. (2019) and Misunas et al. (2024), who emphasize the
importance of collaborative approaches in improving holistic educational quality.

However, significant gaps remain in understanding how STAD can be utilized to
improve literacy and numeracy specifically, as most existing research focuses solely on
academic outcomes without exploring its impact on these foundational skills (Caridah et al.,
2024). Research shows that effective literacy and numeracy teaching strategies must align with
SDG 4, which aims for inclusive and quality education for all (ISET, 2024). Innovative
approaches, such as the integration of STAD with literacy-numeracy indicators, can address
this gap. Additionally, using reflective cycles in this study enables the refinement of strategies
to address specific challenges faced by students.

Moreover, this study offers theoretical contributions by exploring the relationship
between literacy, numeracy, and group work within the context of mathematics instruction. As
Zaelani et al. (2023) suggest, collaboration within heterogeneous groups facilitated by the
STAD model allows students to share knowledge and support one another, thereby accelerating
the understanding of fundamental concepts. This study aims to address the challenges identified
by Kemdikbud (2021), namely how to create a learning approach that not only focuses on
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improving test scores but also builds critical thinking skills that can be applied in real-life
situations. By integrating literacy and numeracy indicators into the STAD model, this study
provides a strategic solution for enhancing learning effectiveness while supporting the
sustainable development of students’ foundational skills.

This approach aligns with Vygotsky's social learning theory, which emphasizes the role
of social interaction in learning. Within the STAD framework, group-based interaction
supports students in developing critical literacy and numeracy skills by engaging them in active
discussions, problem-solving, and cooperative learning tasks. As Caridah et al. (2024) state,
integrating collaborative and interdisciplinary teaching strategies is essential for achieving
advanced competencies, such as critical thinking and reasoning, in addition to foundational
skills. These findings highlight the importance of holistic and innovative strategies for
addressing literacy and numeracy challenges within diverse educational contexts.

This research aims to improve the literacy and numeracy skills of fifth-grade students
through the implementation of the STAD cooperative learning model. By integrating literacy
and numeracy into mathematics learning, the study seeks to bridge theoretical insights and
practical applications. The findings will provide significant contributions to the field of
education by offering a model that aligns with Indonesia's Merdeka Curriculum and supports
students in achieving 21st-century learning goals.

Methods

This study employed a Classroom Action Research design. Generally, Classroom Action
Research is defined as a type of research that focuses on implementing concrete steps to
improve the quality of learning or solve problems faced by the research subjects. It involves
observing the effectiveness or impact of these actions, followed by adjustments to refine and
optimize outcomes (Fadhilaturrahmi, 2019). Classroom Action Research is particularly suited
for addressing challenges that arise during the teaching and learning process, with the primary
goal of improving and enhancing the classroom experience (Marta, 2019).

The research was conducted at SD Negeri 7 Palembang, focusing on fifth-grade
students. The study involved 20 participants, comprising 12 female and 8 male students,
selected purposively to meet the research objectives. The research was carried out in two
cycles, with each cycle consisting of four stages: planning, implementation, observation, and
reflection, as suggested by Mulyasa (2020). Each cycle included three meetings, with each
meeting lasting 2 x 35 minutes. The research continued until a significant improvement in
students' literacy and numeracy skills was observed.

Stages of Classroom Action Research
1. Planning Stage

The planning stage began with identifying students' literacy and numeracy skill levels through
initial observations. These observations revealed that many students had difficulties
comprehending reading texts and applying numeracy concepts. Based on these findings, the
teacher developed an action plan, including preparing lesson plans (RPP), selecting teaching
materials, and creating observation sheets and evaluation tests. The selected teaching materials
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included contextual texts, simple story problems, and tasks that integrated literacy and
numeracy skills. Additionally, group activities and individual assignments were designed to
align with the cooperative learning model, emphasizing collaboration and peer support.

2. Implementation Stage

During the implementation stage, the Student Teams Achievement Division (STAD)
cooperative learning model was applied. Students were divided into heterogeneous teams of
4-5 members and worked collaboratively to complete group tasks while preparing for
individual quizzes. The teacher introduced literacy-based texts containing numeracy elements,
such as problem-solving stories and contextual articles. Activities included group discussions,
turn-taking reading, and summarizing, which aimed to enhance literacy skills while fostering
teamwork. Students also completed numeracy exercises, such as basic arithmetic operations
and interpreting data from charts. For students requiring additional assistance, the teacher
provided tailored guidance and encouragement to ensure their active participation.

3. Observation Stage

During this stage, the teacher observed student engagement, participation, and behavior
throughout the learning process. The observation focused on four key areas: visual, verbal,
written, and listening activities. Observation sheets were used to document students’ responses,
levels of participation, and their ability to engage with both literacy and numeracy tasks.
Additionally, test data were collected at the end of each cycle to evaluate the students’ skill
improvements. Field notes were also maintained to capture qualitative insights into the learning
process.

4. Reflection Stage

In the reflection stage, the teacher analyzed the results of the implementation phase, focusing
on both observation and test data. The effectiveness of the STAD model in improving literacy
and numeracy skills was assessed. If significant improvement was observed, the action was
deemed successful. However, if the results were unsatisfactory, adjustments were made for the
next cycle. These adjustments could include modifying the teaching methods, selecting more
appropriate materials, or providing more intensive guidance for students. This iterative process
ensured continuous improvement in teaching strategies and student outcomes.

Data Collection Techniques

The data in this study were collected using several techniques, including tests, observations,
and field notes. Literacy and numeracy tests were conducted before and after each cycle to
measure students’ improvements. Literacy tests assessed students’ comprehension of texts,
while numeracy tests focused on math problems embedded within the texts. Observations
recorded students' engagement and behavior during the learning process, documenting their
ability to collaborate and actively participate in group activities. Field notes provided additional
qualitative data to complement the quantitative findings.

Data Analysis Techniques

The data analysis was conducted using both quantitative and qualitative methods. Quantitative
data, derived from literacy and numeracy test results, were analyzed descriptively by
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calculating average scores, success percentages, and improvements in students' scores from
Cycle 1 to Cycle Il. The percentage of student mastery was calculated using the following
formula:

Number of Students Who Mastered the Material
Total Number of Students

Percentage of Mastery = ( ) X 100%

Students were categorized based on their scores, with the categories ranging from "Very Good"
to "Needs Guidance.” The research was considered successful if all students achieved at least
the "Good" category (scores of 75-84) or above.

Table 1. Student Mastery Level Categories Based on Score Range

Score Range Category Mastery Status
85-100 Very Good Completed
75-84 Good Completed

65-74 Satisfactory Not Completed

<64 Needs Guidance Not Completed

Qualitative data, obtained from observations and field notes, were analyzed using content
analysis techniques. Patterns in student behavior, their responses to the teaching approach, and
challenges encountered during the process were identified. These qualitative insights were used
to adjust and refine teaching strategies for the subsequent cycle, ensuring a more effective
implementation of the STAD model.

Results

This classroom action research was conducted in two cycles to improve the literacy and
numeracy skills of fifth-grade students at SD Negeri 7 Palembang by implementing the STAD
cooperative learning model. Each cycle consisted of two meetings, with each meeting lasting
two lesson hours (2 x 35 minutes). The research process included the stages of planning,
implementation, observation, and reflection. The results of each cycle are summarized as
follows.

Cycle 1

In Cycle I, actions were taken to identify the students' initial literacy and numeracy abilities.
The teacher designed learning activities based on the STAD model, including study groups,
teaching materials on the perimeter of geometric shapes, and evaluation tools such as
observation sheets and formative tests.

a) Planning
Before the research was conducted, the researcher prepared instructional materials based
on the STAD Cooperative Learning model. The topic covered in Cycle | was the Perimeter
of Geometric Shapes. The researcher prepared a teaching module, Student Worksheets
(LKPD), and evaluation tools for this cycle.

b) Implementation of Actions
Cycle I consisted of three meetings. During this phase, students learned using the STAD
Cooperative Learning model, as planned in the lesson plans. The topic for this cycle focused
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on the Perimeter of Geometric Shapes.

o Phase 1: The learning session began with an initial activity where the teacher explained
the learning objectives to be achieved during the lesson and motivated students by
providing real-life examples related to the perimeter of geometric shapes.

e Phase 2: The teacher delivered information to the students by demonstrating the
material and using an educational video prepared by the researcher.

o Phase 3: Students were organized into study groups. The teacher explained how to form
study groups and assisted each group in transitioning efficiently. Each group consisted
of five students.

o Phase 4: While students worked in their groups, the teacher walked around to guide and
assist the groups as they completed their tasks.

This structured approach ensured active student participation, with each phase designed to
build their understanding of the topic through collaboration and guided learning activities.

Figure 1. Students watching a learning video (left) & Teacher guiding groups in working
and learning (right)

Next, in Phase 5 of the STAD learning model, the stage is Evaluation, where the teacher
evaluates the learning outcomes of the material that has been taught, or each group presents
their work results. The final phase of the STAD model is Group Rewards. The teacher finds
ways to appreciate both the effort and the learning outcomes of individuals and groups. In
Cycle |, the teacher provided rewards by ranking the groups and giving recognition in the
form of "Great Kid" star illustrations.

Figure 2. Group Presentation (left) & Group Rewards (right)

Observation

In this stage, observations were conducted during the implementation of Cycle | to assess
whether the learning activities using the STAD Cooperative Learning model were in
accordance with the planned lesson objectives. Additionally, the students' engagement in
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the learning process and their literacy and numeracy skills in this cycle were also examined.
Observations were carried out throughout the implementation process to collect data on
students' activities during the learning process. These observations were conducted by the
researcher with the assistance of the teacher.

The observed student activities included: (1) Visual activities; (2) Oral activities; (3)
Writing activities; and (4) Listening activities. The results of the observations on student
activities and their literacy and numeracy skills can be seen in the following table:

Table 1. Student Engagement in Cycle 1

Engagement Category Frequency %
Very active 2 10
Active 9 45

Less Active 6 30

Not active 3 15
Total 20 100

Student engagement based on the data does not meet the success criteria, which requires
70% of students to fall into the "Active" category. Student engagement is also illustrated in
the bar chart below.

FREQUENCY

10

vl

Figure 3. Bar Chart of Student Engagement in Cycle |

Students' literacy and numeracy skills are assessed based on their ability to complete test
questions using literacy and numeracy indicators as defined by Han Weilin et al. (2017),
which include: (1) Using various numbers and symbols related to operations on numerical
forms to solve problems in real-life contexts; (2) Analyzing information (graphs, tables,
charts, diagrams, etc.); and (3) Interpreting the results of the analysis to predict and make
decisions. The evaluation results of students' literacy and numeracy skills in Cycle 1 can be
seen in the table below:

Table 2. Students' Literacy-Numeracy Skills in Cycle |

Literacy-Numeracy Skills f %
Excellent 3 15
Good 11 55

Poor 6 30




d)

Lentera Sriwijaya, Volume 07, No. 1, May 2025, page. 1-17

The table above shows that 70% of students were able to complete literacy-numeracy-
based questions. Students' literacy and numeracy skills are illustrated in the following bar
chart:

15 FREKUENSI

10

5 =

sangat baik baik kurang

Figure 4. Bar Chart of Students' Mathematical Literacy-Numeracy Skills

Reflection

Based on reflections from the researcher and teacher regarding the learning improvement
activities in Cycle I, several weaknesses were identified, including: (a) Group discussion
activities appeared monotonous, as students were still not accustomed to collaborating in
groups; (b) Students were less active in expressing their thoughts about the material being
studied; (c) The use of teaching aids was not yet optimal; and (d) Students were still weak
in calculations. Improvements planned for Cycle Il included revisiting materials that
students had not yet understood. As students struggled with calculations, the procedures for
solving them needed to be explained in greater detail. Additionally, motivational strategies
were implemented to boost students’ enthusiasm for learning.

Cycle 11

Based on the reflections from Cycle I, Cycle Il focused on enhancing group activity and
understanding of the perimeter of polygons. The teaching materials and methods were
improved to maximize the effectiveness of the learning process.

a)

b)

Planning

Addressing the weaknesses identified in Cycle I, the researcher continued improving the
learning process by preparing lesson plans (RPP), student worksheets (LKPD), observation
sheets, and evaluation tools to measure students' literacy and numeracy skills. The material
for Cycle 11 covered the Perimeter of Polygons.

Implementation

Cycle Il was conducted over three meetings. The learning procedure remained similar to
that of Cycle I. Phase 1: The learning process began with the teacher stating the learning
objectives, specifically that students should be able to determine the perimeter of polygons.
The planned actions were implemented according to the pre-designed scenarios and
prepared materials. The teacher conducted classroom instruction using the STAD
cooperative learning model, which included six phases of activity. These refinements aimed
to address the shortcomings of Cycle | and further enhance students' engagement,
collaboration, and understanding of the material.
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Figure 5. Students working in groups during Cycle 2

Observation

Observations were conducted throughout the implementation of the actions. The results of
student activity observations in Cycle Il showed an increase in student engagement.
Literacy and numeracy skills also improved. An increase was noted in visual activities,
particularly the number of students reading learning resources and paying attention to their
peers speaking. However, a decrease in engagement was observed in the indicator of paying
attention to the teacher's explanation. Oral activity improvements were seen in the indicator
of asking questions, while there was a decline in the willingness to discuss in groups, and
no improvement was observed in the indicator of providing suggestions, objections, or
opinions. Listening activities showed improvement across all indicators. Writing activities
improved in the indicators of taking notes during the teacher’s explanation and writing
summaries during group discussions, but there was no improvement in the indicator of
copying answers from the teacher.

Figure 6. Students actively discussing with peers and the teacher (left) & Students
working on group games (right)

The results of student activity observations and literacy-numeracy skills in Cycle Il are
presented in the following tables:

Table 3. Student Engagement in Cycle Il

Engagement Category Frequency %
Very Active 5 25
Active 10 50

Less Active 4 20

Not Active 1 5

Total 20 100
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Student engagement based on the data met the success criteria, with 75% of students
categorized as "Active." Student engagement is also illustrated in the bar chart below.

FREKUENSI
12
10
8
6
4 — =
2 B =
0 = = =
Sangat aktif Kurang aktif Tidak aktif

Figure 7. Bar Chart of Student Engagement in Cycle Il
The results of the literacy-numeracy skill test for students are as follows:

Table 4. Literacy-Numeracy Skills of Students in Cycle 11
Literacy-Numeracy Skills Frequency %

Very Good 8 40
Good 10 50
Poor 2 10

From Table 4, 90% of students achieved literacy-numeracy skills in the "Good" and
"Very Good" categories.

FREQUENCY

Sangat Baik Baik Kurang

Figure 8. Literacy-Numeracy Skills in Cycle 11

d) Reflection
Based on observations during the implementation of the previous research stages, the
overall implementation of the stages in Cycle Il ran smoothly. The results of the actions in
Cycle 11 met the success criteria for both student engagement and literacy-numeracy skills.
During the learning activities in Cycle Il, students were actively engaged in group
discussions and were able to participate in discussions with the teacher.
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Discussion

This study aimed to address the main question: Can the STAD cooperative learning model
improve the literacy and numeracy skills of fifth-grade students at SD Negeri 7 Palembang?
The findings of the study indicate that implementing the STAD model significantly enhances
student engagement, literacy skills, and numeracy skills. These findings confirm the hypothesis
that a group-based approach through the STAD model is effective in fostering social interaction
and collaborative learning, which supports the development of students’ abilities to understand,
analyze, and solve mathematics problems embedded in literacy and numeracy contexts. The
significant improvements observed in Cycle 1l demonstrate the success of this strategy, with
the proportion of students in the "Excellent” category increasing from 15% in Cycle | to 40%
in Cycle Il.

Literacy-Numeracy SKkills in CYCLE 1 and
CYCLE 2

15

10

Figure 9. Literacy-Numeracy Skills in CYCLE 1 and CYCLE 2

The STAD model creates a collaborative learning environment that actively enhances
student participation. The group discussion process within heterogeneous groups provides
opportunities for high-achieving students to assist their peers, aligning with Vygotsky's
constructivist learning theory, which emphasizes the importance of social interaction in
learning. The increase in the number of active students from 55% in Cycle | to 75% in Cycle
Il illustrates that this method effectively fosters deeper student engagement. Additionally,
students' literacy and numeracy abilities showed significant improvement. They became
increasingly adept at integrating literacy with numeracy, such as understanding story-based
problems, analyzing data from tables or graphs, and applying basic mathematical operations.
The increase in average scores from 70.1 in Cycle I to 82.3 in Cycle Il demonstrates that the
STAD approach successfully develops critical thinking and problem-solving skills among
students.

These findings align with Slavin's (2009) research, which reported that cooperative
learning improves academic outcomes through group work. The study also supports Zaelani et
al. (2023), who found that the STAD model enhances students' understanding of mathematical
concepts and social interaction. However, this study offers novelty by focusing on the
integration of literacy and numeracy within mathematics instruction, which is particularly
relevant to the needs of Indonesia's Kurikulum Merdeka (Independent Curriculum). In contrast,
this study differs from Nabila's (2023) findings, which suggested that individual problem-
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solving is more effective in fostering student independence. In this context, the combination of
group-based and individual activities in Cycle 1l proved to yield more optimal results.

The implications of this research are broad. In the context of mathematics education,
implementing the STAD model provides concrete guidance for teachers to improve learning
outcomes that not only focus on calculation skills but also on literacy and numeracy
comprehension relevant to real-life situations. Furthermore, this research supports the vision
of the Kurikulum Merdeka, which emphasizes project-based and collaborative learning. By
creating a collaborative learning environment, the STAD model facilitates the development of
21st-century skills such as critical thinking, collaboration, and communication.

The novelty of this study lies in its integration of the STAD cooperative learning model
with literacy and numeracy approaches at the elementary school level. This combination
provides a new contribution to existing literature, as few studies have specifically explored
how these two approaches can be integrated to improve students' foundational skills. Future
research can explore the long-term impact of the STAD model on literacy and numeracy
retention, particularly in the transition to higher levels of education. Additionally, integrating
digital technology into the STAD model, such as interactive applications or simulations, can
further enhance its effectiveness. Future studies might also examine the application of this
model in other subjects, such as science or language, to assess its flexibility and impact in
various learning contexts.

In conclusion, the STAD cooperative learning model has been proven effective in
improving the literacy and numeracy skills of fifth-grade students at SD Negeri 7 Palembang.
These findings not only support existing theories and research but also offer an innovative
approach that can be widely adopted to support the success of the Kurikulum Merdeka. The
success of this study demonstrates that structured and collaborative learning approaches like
STAD can enhance students' academic outcomes while fostering active participation and a
deeper understanding of the concepts being taught.

Conclusion

This study addressed the question of whether the Student Teams Achievement Division
(STAD) cooperative learning model can effectively improve the literacy and numeracy skills
of fifth-grade students at SD Negeri 7 Palembang. The findings demonstrate that the STAD
model significantly enhances students' engagement, literacy, and numeracy skills through its
emphasis on collaboration and structured group-based learning. The model successfully created
an interactive and supportive learning environment where students could engage in problem-
solving activities and develop critical thinking skills. The literacy-numeracy integration within
the STAD framework allowed students to understand and analyze real-life problems, interpret
data, and apply mathematical concepts effectively.

The results show substantial improvement in student outcomes from Cycle | to Cycle
I1. In Cycle I, only 15% of students were in the "Very Good" category, while in Cycle I, this
increased to 40%. Additionally, overall student engagement rose from 55% active participation
in Cycle I to 75% in Cycle Il. These findings underscore the STAD model's ability to enhance
students’ foundational skills while fostering motivation and collaboration, aligning with
Vygotsky's constructivist theory. The study also contributes theoretically by highlighting the
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integration of literacy and numeracy into cooperative learning strategies, an area that has
received limited attention in previous research.

The implications of this study extend to the broader field of education. By adopting the
STAD model, teachers can go beyond rote learning and focus on fostering real-world skills
such as critical thinking, teamwork, and problem-solving. This aligns with the objectives of
Indonesia’s Kurikulum Merdeka and the global Sustainable Development Goals (SDGs), which
emphasize inclusive and quality education. Furthermore, this research provides practical
insights for educators seeking innovative strategies to improve literacy and numeracy
outcomes, particularly in elementary school settings. Despite its promising results, this study
has limitations. The research was conducted in a single school with a small sample size of 20
students, which may limit the generalizability of the findings. Additionally, the study focused
on mathematics; future research could explore the application of the STAD model in other
subjects to assess its flexibility and broader impact. The integration of digital tools and
technology into the STAD model also remains an area for further exploration, as such
advancements could enhance student engagement and learning outcomes.

In conclusion, the STAD cooperative learning model effectively improves literacy and
numeracy skills while fostering active participation and deeper understanding among students.
The findings offer an innovative approach that can be widely adopted to enhance foundational
skills and support the success of contemporary educational frameworks like Kurikulum
Merdeka. Further research is encouraged to refine and expand the application of this model to
address diverse educational challenges in various contexts.

Acknowledgment

The authors express their deepest gratitude to the PPG (Professional Teacher Education)
Program FKIP Universitas Sriwijaya for the research grant that made this study possible. The
support provided by the PPG Program not only enabled the implementation of this research but
also offered an opportunity to contribute to the field of education, particularly in improving
literacy and numeracy skills through innovative teaching strategies. Additionally, we extend
our gratitude to the teachers and staff at SD Negeri 7 Palembang, whose cooperation and
support greatly facilitated the smooth progress of this research. A special thanks also goes to
the students who participated in this study, dedicating their time and enthusiasm, which
significantly contributed to the success of this research.

Conflicts of Interest

The authors affirm that there are no conflicts of interest related to the publication of this
manuscript. Furthermore, ethical issues such as plagiarism, misconduct, data fabrication or
falsification, duplicate publication or submission, and redundancies have been addressed and
resolved by the authors.



14 Lentera Sriwijaya, Volume 07, No. 1, May 2025, page. 1-17

Author Contributions

Cecil Hiltrimartin & Yusuf Hartono: Developed the concept, formulated the idea, wrote the
initial draft, created the visualization, collected data, conducted formal analysis, and designed
the methodology; Somakim & Budi Mulyono: Contributed to concept development, writing,
and reviewing, and was responsible for validation and supervision; Destiana Wati, Pedi Agus
Susanto & Marta Aulia : Involved in writing, reviewing, and data collection.

References

Alex, J., & Mammen, K. J. (2018). Students’ understanding of geometry terminology through
the lens of Van Hiele theory. Pythagoras. 39(2). 1-8.
https://doi.org/10.4102/pythagoras.v39i1.376

Ariawan, I. P. W., Ardana, I. M., Divayana, D. G. H., & Sugiarta, I. M. (2024). Scoring rubric
design to measure the ability to prove plane geometry problems not accompanied by image
visualization. Jurnal Elemen. 10(1). 70-88. https://doi.org/10.29408/jel.v10i1.22550

Arista Rizki, N. (2018). Analytic Geometry. http://math.fmipa.unmul.ac.id/index.php/nanda/

Armah, R. (2024). Geometric Thinking of Prospective Mathematics Teachers: Assessing the
Foundation Built by University Undergraduate Education in Ghana. Teacher Education
and Curriculum Studies. 9(2). 40-51. https://doi.org/10.11648/j.tecs.20240902.12

Artigue, M. (2009). Didactical design in mathematics education. In C. Winslgw (Ed.). Nordic
research in mathematics education. Sense Publishers.

Bleeker, C. A. (2011). The relationship between teachers’ instructional practices and learners’
levels of geometry thinking. https://api.semanticscholar.org/CorpusiD:116806562

Breyfogle, M., & Lynch, C. (2010). van Hiele Revisited. Mathematics Teaching in the Middle
School. 16. 232-238. https://doi.org/10.2307/41183561

Buchbinder, 0. (2020). Instilling Proof and Reason.
Https://Www.Unh.Edu/Unhtoday/2020/01/Instilling-Proof-and-Reason.

Common Core State Standard for Mathematics. (2010). https://corestandards.org/wp-
content/uploads/2023/09/Math_Standards1.pdf

Clements, D. H. (1996). Teaching elementary school mathematics.
https://www.researchgate.net/publication/258933244

Clements, D. H., & Battista, M. (1992). Geometry and spatial reasoning.
https://www.researchgate.net/publication/258932007

Epp, S. S. (2011). Discrete Mathematics with Applications. Brooks/Cole.

Fuys, D. J. (1988). The van Hiele Model of Thinking in Geometry among Adolescents. Journal
for Research in Mathematics Education Monograph. 3. 1-196.
https://api.semanticscholar.org/CorpusiD:118373716

Gutierrez, A., Pegg, J., & Lawrie, C. (2004). Characterization of students’ reasoning and proof
abilities in 3-dimensional geometry.
https://www.researchgate.net/publication/237379333

Hanna, G. (1995). Challenges to the importance of proof.
http://www.jstor.org/page/info/about/policies/terms.jsp



https://doi.org/10.4102/pythagoras.v39i1.376
https://doi.org/10.29408/jel.v10i1.22550
http://math.fmipa.unmul.ac.id/index.php/nanda/
https://doi.org/10.11648/j.tecs.20240902.12
https://api.semanticscholar.org/CorpusID:116806562
https://doi.org/10.2307/41183561
https://www.unh.edu/Unhtoday/2020/01/Instilling-Proof-and-Reason
https://corestandards.org/wp-content/uploads/2023/09/Math_Standards1.pdf
https://corestandards.org/wp-content/uploads/2023/09/Math_Standards1.pdf
https://www.researchgate.net/publication/258933244
https://www.researchgate.net/publication/258932007
https://api.semanticscholar.org/CorpusID:118373716
https://www.researchgate.net/publication/237379333
http://www.jstor.org/page/info/about/policies/terms.jsp

Effectiveness of the STAD Cooperative... Cecil Hiltrimartin, Yusuf Hartono, Somakim, Budi Mulyono, .....
15

Hanna, G. (2018). Reflections on Proof as Explanation. In A. J. Stylianides & G. Harel (Eds.),
Advances in Mathematics Education Research on Proof and Proving: An International
Perspective. 3-18. Springer International Publishing. https://doi.org/10.1007/978-3-319-
70996-3 1

Hanna, G., & de Villiers, M. (2008). ICMI Study 19: Proof and proving in mathematics
education. ZDM-International Journal on Mathematics Education. 40(2).

Hanna, G., & de Villiers, M. (2021). Correction to: Proof and Proving in Mathematics
Education. C1-C1. https://doi.org/10.1007/978-94-007-2129-6_20

Hanna, G., & Sidoli, N. C. (2007). Visualisation and proof: a brief survey of philosophical
perspectives. ZDM. 39. 73-78. https://api.semanticscholar.org/CorpusiD:54879221

Hohol, M. (2019). Foundations of geometric cognition. In Foundations of Geometric
Cognition. Taylor and Francis. https://doi.org/10.4324/9780429056291

Indonesian Mathematics Educators Society (I-MES). (2004). Panduan Penyusunan Kurikulum
S1 dan S2 Pendidikan Matematika. [Guidelines for Developing Undergraduate (S1) and
Master's (S2) Curriculum in Mathematics Education]. 1-24. https://i-mes.org/wp-
content/uploads/2024/12/20241212-Panduan-Penyusunan-Dokumen-Kurikulum-S1-dan-
S2-Pendidikan-Matematika-1-MES.pdf

Jones, K., Ludwig, M., Ding, L., Mithalal, J., & Yao, Y. (2024). Teaching and Learning of
Geometry at Secondary Level. 351-355. https://doi.org/10.1142/9789811287152 0033

Jones, K., & Rodd, M. (2001). Geometry and proof British Society for Research into Learning
Mathematics Geometry Working Group GEOMETRY AND PROOF A report based on the
meeting at Manchester. 95-100. https://www.researchgate.net/publication/279502166

Jones, K., & Tzekaki, M. (2016). Research on the Teaching and Learning of Geometry. In The
Second Handbook of Research on the Psychology of Mathematics Education. 109-149.
SensePublishers. https://doi.org/10.1007/978-94-6300-561-6_4

Maarif, S., Alyani, F., & Pradipta, T. R. (2020). The implementation of self-explanation
strategy to develop understanding proof in geometry. JRAMathEdu (Journal of Research
and Advances in Mathematics Education). 5(3). 262-275.
https://doi.org/10.23917/jramathedu.v5i3.9910

Maarif, S., Wahyudin, W., Alyani, F., & Pradipta, T. R. (2020). Kemampuan Mengkonstruksi
Bukti Geometri Mahasiswa Calon Guru Matematika Pada Perkuliahan Geometri. [The
Ability to Construct Geometric Proofs of Prospective Mathematics Teacher Students in
Geometry Courses]. Jurnal Elemen. 6(2). 211-227. https://doi.org/10.29408/jel.v6i2.2012

Mariotti, M. A., & Pedemonte, B. (2019). Intuition and proof in the solution of conjecturing
problems’. ZDM. 51(5). 759-777. https://doi.org/10.1007/s11858-019-01059-3

Mawarsari, V. D., Waluya, St. B., & Dewi, N. R. (2023). Profile of Students’ Geometric
Thinking Ability in Terms of Van Hiele Level. Proceedings of the 1st Lawang Sewu
International Symposium on Humanities and Social Sciences 2022 (LEWIS 2022). 109—
117. https://www.atlantis-press.com/proceedings/lewis-22/125988113

Mayberry, J. (1983). The Van Hiele Levels of Geometric Thought in Undergraduate Preservice
Teachers. In Source: Journal for Research in Mathematics Education. 14(1).
http://www.jstor.org/stable/748797?seq=1&cid=pdf-reference#references_tab_contents



https://doi.org/10.1007/978-3-319-70996-3_1
https://doi.org/10.1007/978-3-319-70996-3_1
https://doi.org/10.1007/978-94-007-2129-6_20
https://api.semanticscholar.org/CorpusID:54879221
https://doi.org/10.4324/9780429056291
https://i-mes.org/wp-content/uploads/2024/12/20241212-Panduan-Penyusunan-Dokumen-Kurikulum-S1-dan-S2-Pendidikan-Matematika-I-MES.pdf
https://i-mes.org/wp-content/uploads/2024/12/20241212-Panduan-Penyusunan-Dokumen-Kurikulum-S1-dan-S2-Pendidikan-Matematika-I-MES.pdf
https://i-mes.org/wp-content/uploads/2024/12/20241212-Panduan-Penyusunan-Dokumen-Kurikulum-S1-dan-S2-Pendidikan-Matematika-I-MES.pdf
https://doi.org/10.1142/9789811287152_0033
https://www.researchgate.net/publication/279502166
https://doi.org/10.1007/978-94-6300-561-6_4
https://doi.org/10.23917/jramathedu.v5i3.9910
https://doi.org/10.29408/jel.v6i2.2012
https://doi.org/10.1007/s11858-019-01059-3
https://www.atlantis-press.com/proceedings/lewis-22/125988113
http://www.jstor.org/stable/748797?seq=1&cid=pdf-reference#references_tab_contents

16 Lentera Sriwijaya, Volume 07, No. 1, May 2025, page. 1-17

Mukuka, A., & Alex, J. K. (2024). Student Teachers’ Knowledge of School-level Geometry:
Implications for Teaching and Learning. European Journal of Educational Research.
13(3). 1375-1389. https://doi.org/10.12973/eu-jer.13.3.1375

Naufal, M. A., Abdullah, A. H., Osman, S., Abu, M. S., Ihsan, H., & Rondiyah. (2021).
Reviewing the Van Hiele model and the application of metacognition on geometric
thinking. International Journal of Evaluation and Research in Education. 10(2). 597-605.
https://doi.org/10.11591/ijere.v10i2.21185

Niyukuri, F., Nzotungicimpaye, J., & Ntahomvukiye, C. (2020). Pre-service teachers’
secondary school experiences in learning geometry and their confidence to teach it.
Eurasia Journal of Mathematics, Science and Technology Education. 16(8). 1-12.
https://doi.org/10.29333/EJMSTE/8334

Polya, G. (1945). How to Solve It: A New Aspect of Mathematical Method.
https://doi.org/https://doi.org/10.2307/j.ctvc773pk

Ramirez-Uclés, R., & Ruiz-Hidalgo, J. F. (2022). Reasoning, Representing, and Generalizing
in Geometric Proof Problems among 8th Grade Talented Students. Mathematics. 10(5).
789. https://doi.org/10.3390/math10050789

Reid, D. A., & Knipping, C. (2019). Proof in Mathematics Education. In Proof in Mathematics
Education. BRILL. https://doi.org/10.1163/9789460912467

Ruseffendi, E. T. (1988). Pengantar kepada membantu guru mengembangkan kompetensinya
dalam pengajaran matematika untuk meningkatkan CBSA : perkembangan kompetensi
guru [An Introduction to Helping Teachers Develop Their Competence in Mathematics
Teaching to Enhance Active Student Learning (CBSA): Teacher Competence
Development]. https://api.semanticscholar.org/CorpusiD:172311688

Schoenfeld, A. H. (1994). What do we know about mathematics curricula. The Journal of
Mathematical Behavior. 13. 55-80. https://api.semanticscholar.org/CorpusiD:122735591

Scristia, S., Meryansumayeka, M., Safitri, E., Araiku, J., & Aisyah, S. (2022). Development of
Teaching Materials Based on Two-Column Proof Strategy on Congruent Triangle
Materials. Proceedings of the 2nd National Conference on Mathematics Education 2021
(NaCoME 2021). https://www.atlantis-press.com/proceedings/nacome-21/125972955

Scristia, S., Yusup, M., & Hiltrimartin, C. (2021). Pengaruh Strategi Flow Proof pada
Perkuliahan Struktur Aljabar terhadap Kemampuan Mahasiswa dalam Menganalisis
Pembuktian. Jurnal Gantang. 6(1). 39-45. https://doi.org/10.31629/jq.v6i1.2782

Sfard, A. (2008). Chapter 6: Objects of mathematical discourse: What mathematizing is all
about. In A. Sfard, Thinking as communicating: Human development, the growth of
discourses, and mathematizing. Cambridge University Press.

Stylianides G. (2008). Reasoning and proof, framework Stylianedes. FLM Publishing
Association, Edmonton, Alberta, Canada.

Stylianides, G., Stylianides, A., & Weber, K. (2017). Research on the teaching and learning of
proof: Taking stock and moving forward. In book: Compendium for research in
mathematics education. 237-266. Publisher: National Council of Teachers of Mathematics

Sumarni, Hapizah, & Scristia. (2020). Student’s triangles congruence proving through flow
proof  strategy.  Journal  of  Physics:  Conference  Series.  1480(1).
https://doi.org/10.1088/1742-6596/1480/1/012030



https://doi.org/10.12973/eu-jer.13.3.1375
https://doi.org/10.11591/ijere.v10i2.21185
https://doi.org/10.29333/EJMSTE/8334
https://doi.org/https:/doi.org/10.2307/j.ctvc773pk
https://doi.org/10.3390/math10050789
https://doi.org/10.1163/9789460912467
https://api.semanticscholar.org/CorpusID:172311688
https://api.semanticscholar.org/CorpusID:122735591
https://www.atlantis-press.com/proceedings/nacome-21/125972955
https://doi.org/10.31629/jg.v6i1.2782
https://doi.org/10.1088/1742-6596/1480/1/012030

Effectiveness of the STAD Cooperative... Cecil Hiltrimartin, Yusuf Hartono, Somakim, Budi Mulyono, .....
17

Usiskin, Z. P. (1982). Van Hiele Levels and Achievement in Secondary School Geometry.
CDASSG Project. https://api.semanticscholar.org/CorpusiD:115884211

Van Hiele, P. M. (1986). Structure and Insight. A Theory of Mathematics Education. Academic
Press.

Vieira, A. F. M., & de Costa Trindade Cyrino, M. C. (2022). Geometric Thinking: Reflections
Manifested by Preservice Mathematics Teachers in van Hiele Model Studies. Acta
Scientiae. 24(8). 286-314. https://doi.org/10.17648/acta.scientiae.7164

Watan, S., & Sugiman. (2018). Exploring the relationship between teachers’ instructional and
students’ geometrical thinking levels based on van Hiele theory. Journal of Physics:
Conference Series. 1097(1). https://doi.org/10.1088/1742-6596/1097/1/012122

Weingarden, M., & Buchbinder, O. (2023). Teacher learning to teach mathematics via
reasoning and proving: a discursive analysis of lesson plans modifications. Frontiers in
Education. 8. https://doi.org/10.3389/feduc.2023.1154531



https://api.semanticscholar.org/CorpusID:115884211
https://doi.org/10.17648/acta.scientiae.7164
https://doi.org/10.1088/1742-6596/1097/1/012122
https://doi.org/10.3389/feduc.2023.1154531

