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ABSTRACT: This research aims to develop mathematics learning tools based on Education for Sustainable Development (ESD)
using the Outdoor Learning Mathematics method with the goal of enhancing mathematical connections of junior high school
students in statistics. The research method employed is a mixed-methods approach combining qualitative and quantitative methods,
both conducted through developmental research comprising planning, development, and evaluation stages. The sample for this
research was two classes at SMPN 1 Tempeh with homogeneous mathematical abilities, where one class will be used as the
experimental group and one class as the control group. Determining the research area using a purposive area sampling technique
with the consideration that learning using the outdoor learning mathematics method with educational sustainable development
(ESD) based learning tools has never been implemented at SMPN 1 Tempeh. The selection of eighth-grade classes is based on the
consideration that statistics material is currently being taught in eighth grade, and eighth-grade students have not been subjects of
research for similar studies before. The learning tools developed are designed in accordance with ESD principles and utilize outdoor
mathematics learning approaches to enhance students' understanding and skills in statistics. The results from Hypothesis Testing for
Pretest indicate that a p-value of 0.648 is obtained, where this value > 0.05 means HO is accepted and H1 is rejected. Therefore, it
can be concluded that there is no difference in the mean between the control and experimental groups in the pretest. Whereas the
result of Posttest Hypothesis Test indicate that a p-value of 0.028 is obtained, where this value < 0.05 means HO is rejected and H1
is accepted. So the use of ESD-based mathematics learning tools with the Outdoor Learning Mathematics method is effective in
improving students' mathematical connections in statistics. The implication of this research underscores the importance of
integrating mathematics education with sustainable development principles to reinforce students' understanding and skills in
mathematics while also fostering awareness of environmental and social issues.
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INTRODUCTION

Education plays a pivotal role in shaping individuals' understanding, skills, and attitudes towards various subjects, including
mathematics. In recent years, there has been a growing recognition of the importance of integrating sustainable development principles
into educational practices to foster a more holistic and environmentally conscious approach to learning. Mathematics, as a
fundamental subject, offers a unique opportunity to embed concepts of sustainability and environmental awareness into curriculum
design and instructional methodologies. In line with this perspective, this research endeavors to contribute to the advancement of
mathematics education by developing innovative learning tools rooted in the principles of Education for Sustainable Development
(ESD). The focus is on enhancing students' mathematical connections and learning outcomes, particularly in the context of statistics,
through the utilization of the Outdoor Learning Mathematics method (Stukenberg, 2016).

Junior high school students represent a critical stage in their educational journey where foundational concepts in mathematics,
including statistics, are introduced. However, traditional classroom-based approaches may sometimes fall short in engaging students
effectively and fostering deep understanding. By integrating outdoor learning methodologies within the framework of ESD, this study
seeks to address these challenges and provide a more enriching and experiential learning experience for students.
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The research methodology adopts a mixed-methods approach, combining qualitative and quantitative techniques within a
developmental research framework. This comprehensive approach allows for a thorough investigation into the effectiveness of the
developed mathematics learning tools in improving students' mathematical connections and learning outcomes. Furthermore, this
research aligns with broader efforts to promote sustainable development education by emphasizing the interconnectedness between
mathematics education and environmental and social issues. By enhancing students' mathematical understanding and skills within the
context of sustainability, this study aims to cultivate a generation of learners who are not only proficient in mathematics but also
equipped with the critical thinking and awareness necessary to address complex global challenges. Overall, this research represents a
significant step towards reimagining mathematics education as a platform for promoting sustainability and empowering students to
become active agents of positive change in their communities and beyond.

LITERATURE REVIEW

Education for Sustainable Development (ESD) has emerged as an important framework for integrating sustainability
principles into education across a variety of disciplines, including mathematics. This literature review explores key themes related
to the development of ESD-based mathematics learning tools, especially using outdoor mathematics learning methods, which aim
to increase mathematical connections in junior high school students.

Education for Sustainable Development (ESD)

Education for Sustainable Development (ESD) is an effort to encourage society to constructively and creatively address
global challenges and to create resilient and sustainable communities. UNESCO, as a leading global organization, coordinates the
implementation of the Global Action Programme (GAP) on ESD, as a follow-up to the United Nations Decade of ESD (2005-2014).
Education for sustainable development enables every individual to acquire the knowledge, skills, attitudes, and values needed to
shape a sustainable future.

ESD and Mathematics Learning

ESD is indirectly embedded within the curriculum or subject matter in schools, particularly in mathematics subjects. The
role of mathematics teachers in integrating ESD into mathematics learning is crucial. To introduce ESD to students, teachers need
to conduct a curriculum analysis. Curriculum analysis is performed by identifying Competency Standards (SK-KD) in the KTSP
Curriculum and Basic Competencies (KI-KD) in the 2013 Curriculum. Therefore, teachers can determine which materials can be
infused with ESD concepts.

Integration of ESD into Mathematics Education

The integration of ESD principles into mathematics education aims to equip students with the knowledge and skills
necessary to understand and address sustainability issues using mathematical concepts and reasoning. This approach encourages
students to explore how mathematics can contribute to sustainable development goals (Hopkins & McKeown, 2016). By
contextualizing mathematical concepts in the context of sustainability, students can develop a deeper understanding of the relevance
and application of mathematics outside the classroom.

Outdoor Learning Mathematics Method

Outdoor mathematics learning involves using the natural environment as a setting for teaching and learning mathematics
concepts (Davis, 2017). This method emphasizes experiential learning, where students engage in hands-on activities that improve
mathematical thinking and problem-solving skills in authentic outdoor environments (Ward & Hargreaves, 2019). Research shows
that outdoor learning environments stimulate curiosity, creativity, and collaboration among students, thereby increasing engagement
and understanding of mathematical concepts (Powers, 2020).

Mathematical Connections

Mathematics encompasses various topics that are interrelated with each other. The connections among these topics are not
only within mathematics but also extend to other disciplines and have relevance to everyday life. These connections are referred to
as mathematical connections. According to the National Council of Teachers (2000), mathematical connections have three
indicators: 1) recognizing and using relationships among mathematical ideas, 2) understanding how ideas in mathematics are
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interconnected and form a cohesive whole, and 3) recognizing and applying mathematics in contexts outside of mathematics
(Prambudi, 2020). The indicators of mathematical connections that will be used in this study are as follows:

Table 1. The indicators of mathematical connections

Indicator of Mathematical Connection Ability Description of Indicator of Mathematical Connection Ability
Recognizing and using relationships among | Students are able to identify ideas by writing down what is known
mathematical ideas and what is asked in solving problems.

Students are able to use ideas to create mathematical models in
solving problems.
Understanding how mathematical ideas are | Students are able to establish connections between concepts in

interconnected solving problems.
Understanding the relationship between mathematics | Students are able to interpret real-life problems into mathematical
and everyday life models.

Students are able to apply concepts in solving real-life problems.

MATERIALS AND METHODS

The type of research used in this study is mixed-methods research. Mixed-methods research is a research method that
combines both qualitative and quantitative research methods. The qualitative research method used in this study is developmental
research, and the quantitative research method used in this study is experimental research method. The research design employed
in this study is sequential exploratory design.

Sample and Participants

The sample for this research was two classes at SMPN 1 Tempeh with homogeneous mathematical abilities, where one
class will be used as the experimental group and one class as the control group. Determining the research area using a purposive
area sampling technique with the consideration that learning using the outdoor learning mathematics method with educational
sustainable development (ESD) based learning tools has never been implemented at SMPN 1 Tempeh.

The selection of eighth-grade classes is based on the consideration that statistics material is currently being taught in eighth
grade, and eighth-grade students have not been subjects of research for similar studies beforeFurthermore, the developed learning
tools will be piloted first in one randomly selected class, but not in the same population as the experimental research. This pilot
class plan will be carried out at MTS As-Salam Lumajang, eighth-grade level.Sampling is a fundamental aspect of any research
project, and the type of sample selected can have a significant impact on the validity and reliability of the research results.

RESULT
Normality Test

The prerequisite analysis is conducted using a normality test to determine the suitability of using either the Independent t-
test or the Mann-Whitney U test. If the Sig. value > 0.05, then the data is normally distributed, and the analysis can proceed using
the Independent t-test. Conversely, if the Sig. value < 0.05, then the data is not normally distributed, and the analysis can proceed
using the Mann-Whitney U test. The normality test used is the Kolmogorov-Smirnov test, and the results of the normality test are
presented in the table below:

Table 2. Normality Test

Variable Group Sig. Conclusion
Control 0.200 Normal
Pretest Exsperimental 0.200 Normal
Control 0.075 Normal
Posttest Exsperimental 0.089 Normal
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Based on the table above, it is obtained that for the pretest control, the Sig. value is 0.200, while for the posttest experiment,
the Sig. value is 0.200. Meanwhile, for the posttest control, the Sig. value is 0.075, and for the posttest experiment, the Sig. value is
0.089. Since all Sig. values > 0.05, it can be concluded that the data is normally distributed. Therefore, the significance test of the
hypothesis between the two independent unmatched samples to determine the difference between control and experiment is
conducted using an independent t-test.

Homogeneity Test

Homogeneity test is a test to determine whether the data has the same variance or not. In this study, homogeneity test is
conducted using Levene's test of variance with the decision-making basis that if the Sig. value < 0.05, then the two groups have
different variances. Conversely, if the Sig. value > 0.05, then the two groups have the same variance. The results of the homogeneity
test are presented in the table below:

Table 3. Homogeneity test

Variable Levene Statistic | dfl df2 Sig.
Pretest 0.162 1 54 0.689
Posttest 1.122 1 54 0.294

Based on the results of the Homogeneity test in the table above, it is known that the probability value p or Sig for the pretest
is 0.689, while for the posttest it is 0.294. Both variables have Sig. values > 0.05. Therefore, it can be concluded that the data is
homogeneous.

Independent T-test

The Independent T-test is used to determine whether there is a difference in the means of two independent samples. This
test is a parametric statistical test that requires assumptions of normality and homogeneity. The hypothesis and decision-making
basis for the Independent T-test are as follows:

Ho = There is no difference in the means between the control and experimental groups

Hi = There is a difference in the means between the control and experimental groups

Table 4. Hypothesis Testing for Pretest

Pretest Mean + SD Difference Sig.
Kontrol 31.160 + 4.858 -0.598 0.648
Eksperimen 31.758 +£4.881

Based on the table above, it is found that the pretest obtained a mean value of 31.160 for the control group, while the mean
value for the experimental group is 31.758. The difference in mean values is -0.598, indicating that the control value is smaller than
the experimental value.

Table 5. Posttest Hypothesis Test

Posttest Mean = SD Difference Sig.
Kontrol 70.401 £ 7.469 -5.133 0.028
Eksperimen 75.535 £ 9.455

Based on the table above, it is found that in the posttest, the mean value for the control group is 70.401, while the mean
value for the experimental group is 75.535. The difference in mean values is -5.133, indicating that the control value is smaller than
the experimental value.
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DISCUSSION

The results from Hypothesis Testing for Pretest indicate that a p-value of 0.648 is obtained, where this value > 0.05 means
HO is accepted and H1 is rejected. Therefore, it can be concluded that there is no difference in the mean between the control and
experimental groups in the pretest. Whereas the result of Posttest Hypothesis Test indicate that a p-value of 0.028 is obtained,
where this value < 0.05 means HO is rejected and H1 is accepted.

Therefore, it can be concluded that there is a difference in the mean between the control and experimental groups in the
posttest. Implementing Mathematics Learning Tools can have a significant impact on overall student engagement. The use of
Mathematics learning tools such as interactive simulations, graphing calculators, and educational applications can provide students
with hands-on experiences that make abstract mathematical concepts more concrete and easier to understand. This interactivity can
increase engagement by making learning more dynamic and fun. Learning tools that offer visual and spatial representations of
mathematical concepts (such as visualizations of geometry or calculus) can help students develop deeper understanding. Seeing
mathematical relationships visually can be more interesting than simply reading or listening to explanations. Based on the
description above, it can be concluded that the development of mathematics learning tools based on ESD is able to improve
mathematical connections and learning outcomes of junior high school students in statistics.

But Integrating Mathematics Learning Tools into the learning environment offers numerous benefits, but there are also
challenges and limitations that need to be addressed to optimize their effectiveness. One of them is that teachers may not have
training or understanding of the learning media, which can affect their ability to integrate the media effectively into teaching. Apart
from that, it is not certain that the learning media is in accordance with curriculum standards or teaching objectives in the current
learning period, considering that the current curriculum and learning continues to change and develop.

CONCLUSIONS

Concluded that there is a difference in the mean between the control and experimental groups in the posttest and it can be
concluded that the development of mathematics learning tools based on ESD is able to improve mathematical connections and
learning outcomes of junior high school students in statistics. This statement reflects the results of research or experiments that
tested the effect of developing ESD-based mathematics learning tools on junior high school students. By involving two groups of
students, namely the control group (who did not use ESD-based mathematics learning devices) and the experimental group (who
used these devices). From the statistical analysis carried out, it is known that there is a significant mean difference between the
control and experimental groups in the posttest, which shows that the use of ESD-based mathematics learning tools has a positive
impact on students' comprehension or comprehension. the ability of statistical material compared with conventional methods or
without using tools. And based on research results, it shows that the use of ESD-based mathematics learning tools improves students'
statistics learning outcomes because students become better able to understand and apply statistical concepts after using these
learning tools.

REFERENCES

1. Acharya, B. R. 2017. Factors Affecting Difficulties in Learning Mathematics by Mathematics Learners. International
Journal of Elementary Education, 6(2), 8-15.

2. Albareda-Tiana, S.; Vidal-Raméntol, S.; Pujol-Valls, M.; Fernandez-Morilla, M. 2018. Holistic Approaches to Develop
Sustainability and Research Competencies in Pre-Service Teacher Training. Sustainability 10, 3698.

3. Crismono, P. C. 2017. The Influence of Outdoor Learning on Students' Mathematical Critical Thinking Abilities. Journal
of Mathematics and Science Education, 5(2), 106—113. https://doi.org/10.21831/jpms.v5i2.15482

4. Gozalbo, M.E.; Rey-Baltar, D.Z.; Gonzalez, A.R. 2018. Huertos EcoDidacticos y Educacion para la Sostenibilidad.
Experiencias educativas para el desarrollo de competencias del profesorado en formacion inicial [Organic Learning
Gardens and Education for Sustainability. Educational experiences for the development of competencies of teachers in
initial training]. Rev. Eureka Sobre Ensefi. Divulg. Las Cienc. 2018, 15, 1501.

5. Ministry of Education and Culture. 2013. Regulation of the Minister of Education and Culture of the Republic of Indonesia
Number 58 of 2014. Jakarta: Department of Education and Culture

6. Ministry of Education and Culture. 2013. Guidelines for Assessment of Learning Outcomes. Jakarta.

5244 "Corresponding Author: Laily Rahmania Volume 07 Issue 07 July 2024
Available at: www.ijcsrr.org
Page No. 5240-5246


https://doi.org/10.47191/ijcsrr/V7-i7-58
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review

ISSN: 2581-8341 IL..AI

Volume 07 Issue 07 July 2024 LCSRR

DOI: 10.47191/ijcsrr/V7-i7-58, Impact Factor: 7.943

IJCSRR @ 2024 WWW.ijcsrr.org
7. Ministry of Education and Culture Ministry of Education and Culture. 2016. Middle School Mathematics Subject Syllabus

First/Madrasah Tsanawiyah (SMP/MTs). Jakarta: Ministry Education and culture

8. Lampa, luliana, Anca Greculescu dan Liliana-Luminita Todorescu. 2013. Education for Sustainable Development —
Training the Young Generation for the Future. Journal of Procedia-Social and Behavioral Sciences, Volume 78, Halaman
120-124.

9. NCTM. 2000. Principleand Standards for School Mathematics. Reston : The National Council of Teacher Mathematics

10. Nikmah, Ika Latifatun. 2018. Developing High School Mathematics Teaching Materials Based on Education for
Sustainable Development Goals to Improve Problem Solving Abilities and Mathematical Disposition. UPI Thesis: Not
Published

11. Sholehah, Maratus. 2018. Design of Mathematics Teaching Materials for Class VIII SMP Based on Education for
Sustainable Development (ESD) objectives in the material Statistics. UPI Thesis: Not Published

12. Smith, C.; Watson, J. 2019. Does the Rise of STEM Education Mean the Demise of Sustainability Education? Aust. J.
Environ. Educ. Vol 35, 1-11.

13. Sugiyono. 2017. Combination Research Methods (Mixed Method). Bandung: Alphabeta.

14. Ocal, A., Kisoglu, M., Alas, A., and Gurbuz, H. 2011. Turkish prospective teachers’ understanding and misunderstanding
on global warming. International Research in Geographical and Environmental Education, 20 3, 215-226.

15. Pambudi, D. S. 2018. Analysis of mathematical connection activity of middle school students in solving mathematical
problems in terms of attitude aspects [in Bahasa]. Unpublished Research Report. University of Jember: LP2M.

16. Pambudi, D. S., Budayasa, I. K., Lukito, A. (2018). Mathematical connection profile of junior high school students in
solving mathematical problems based on gender Difference. International Journal of Scientific Research and Management
(IJSRM), 6(8), 73-78. https://doi.org/10.18535/ijsrm/v6i8.mO01.

17. Pambudi, D. S., Budayasa, I. K., & Lukito, A. (2020). The role of mathematical connections in mathematical problem
solving. Jurnal Pendidikan Matematika, 14(2), 129-144.

18. Petrone, M. T., Stoppiello, G., and De Bari, I. 2017. Environmental impact of secondgeneration sugars production from
cardoon residues. Environmental Engineering and Management Journal, 16 8 , 1769-1774.

19. Pairier, B. A., and De Loé, R. C. 2011. Protecting aquatic ecosystems in heavily allocated river systems: The case of the
Oldman River Basin, Alberta. Canadian Geographer, 55 2 , 243— 261.

20. Purwanto, M. G., Nurliani, R., Kaniawati, I., and Samsudin, A. 2018 . Promoting the hydrostatic conceptual change test
HCCT with four-tier diagnostic test item. Journal of Physics: Conference Series, 1013 1, 012035.

21. Purwianingsih, W., Lestari, D.A., and Rahman, T. 2023 . Profile of communication skills of students in groups with the
application of blended learning using project-based learning model. Indonesian Journal of Multidiciplinary Research, 3 1,
159-168

22. Putra, R.D., and Sakti, AW. 2022 . Student development: Implementation of water rocket media as a project-based
learning tool to improve the literacy of junior high school students during the pandemic. ASEAN Journal for Science
Education, 11, 1-8.

23. Putri, S. U., Widodo, A., and Redjeki, S. 2016. The development of primary school student teachers’ self-efficacy through
blended learning. Man in India, 96 12 , 5143-5151.

24. Quartey, E. T., Tosefa, H., Danquah, K. A. B., and Obrsalova, I. 2015. Theoretical framework for plastic waste
management in Ghana through extended producer responsibility: Case of sachet water waste. International Journal of
Environmental Research and Public Health, 12 8 , 9907-9919.

25. Ragadhita, R., and Nandiyanto, A. B. D. 2022 . Computational bibliometric analysis on publication of techno-economic
education. Indonesian Journal of Multidiciplinary Research, 2 1, 213-222.

26. Ramdhani, M.R., Kholik, A., Fauziah, S.P., Roestamy, M., Suherman, 1., Nandiyanto, A.B.D. 2023 . A comprehensive
study on biochar production, bibliometric analysis, and collaborative teaching practicum for sustainable development goals
SDGs in islamic schools. Jurnal Pendidikan Islam, 9 2 , 123-144.

27. Sugiman, (2008). Mathematical connections in learning mathematics in junior high school [in Bahasa]. Retrieved from
http://staff.uny.ac.id/dosen/Dr-sugiman-MSi

5245 "Corresponding Author: Laily Rahmania Volume 07 Issue 07 July 2024

Available at: www.ijcsrr.org
Page No. 5240-5246


https://doi.org/10.47191/ijcsrr/V7-i7-58
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review

ISSN: 2581-8341

Volume 07 Issue 07 July 2024

DOI: 10.47191/ijcsrr/V7-i7-58, Impact Factor: 7.943

IJCSRR @ 2024 WWW.ijcsrr.org

28.

29.
30.

31.

32.

UNESCO. 2012. Education for Sustainable Development. Published in 2012 by the United Nations Educational, Scientific
and Cultural Organization 7, place de Fontenoy, 75352 Paris 07 SP, France.

UNESCO. (2017). Textbooks for Sustainable Development. New Delhi; UNESCO & MGIEF.

Vega-Marcote, P.; Varela-Losada, M.; Alvarez-Suarez, P. 2015. Evaluation of an Educational Model Based on the
Development of Sustainable Competencies in Basic Teacher Training in Spain. Vol 7, 2603-2622.

Waite, S. (2011). Teaching and learning outside the classroom: Personal values, alternative pedagogies
and  standards. Education  3-13, 39(1), 65-82. https://doi.org/10.1080/03004270903206141.

Waite, S., & Pleasants, K. (2012). Cultural perspectives on experiential learning in outdoor spaces. Journal of Adventure
Education and Outdoor Learning, 12(3), 161-165. https://doi.org/10.1080/14729679.2012.699797

Cite this Article: Laily Rahmania, Didik Sugeng Pambudi, Dian Kurniati (2024). Development of Mathematics Learning Tools
Based on Education for Sustainable Development (ESD) Using the Outdoor Learning Mathematics Method to Enhance
Mathematical Connections in Junior High School. International Journal of Current Science Research and Review, 7(7), 5240-

5246

5246 “Corresponding Author: Laily Rahmania Volume 07 Issue 07 July 2024

Available at: www.ijcsrr.org
Page No. 5240-5246


https://doi.org/10.47191/ijcsrr/V7-i7-58
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/
https://doi.org/10.1080/14729679.2012.699797

