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Abstract

Proportional reasoning is closely related to everyday life. Conditions in schools
show that there are still many students who still have difficulty in mastering
proportional reasoning. Many studies have been conducted to overcome this. The
purpose of this study is to provide an overview of research related to
environmental mathematics learning interventions in developing students'
proportional reasoning abilities. The method used is a systematic literature review
(SLR) using the PRISMA protocol. The databases used are Google Scholar, Scopus,
and ERIC in the 2018-2023 year of publication. There are several interventions
carried out and discussed in the research results. Research related to interventions
in the mathematics learning environment in developing students' proportional
reasoning abilities has fluctuated in the 2018-2023 range, most were carried out
in 2018 as many as 14 studies, most were carried out in junior high school
demonstrations, namely 23 studies, the most widely used research method was
guantitative method, namely 20 studies, Indonesia being the country that
conducted the most research, namely 14 studies, and sample sizes in the range of
30-99 samples were the most widely used samples..

Kata Kunci: Proportional Reasoning, Mathematics, Systematic Literature Review

A. Introduction

Reasoning cannot be separated in human daily life (Permatasari et al., 2017).
Reasoning is one of the important aspects that must be involved in learning and of
course must be owned by students (Izzah & Azizah, 2019). Reasoning skills are
very important for students to be able to know the meaning of mathematical
material not only procedurally and following examples (Basir et al., 2020).
Reasoning is defined as an activity or thought process to draw new conclusions
based on statements that have been proven true (Marfu’ah et al., 2022). The
definition of reasoning is also put forward by Ardhiyanti et al. (2019) which states
that reasoning is a person's thinking process in formulating conclusions based on

facts. Firmanti (2017) defines reasoning as a thought process in drawing
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conclusions in the form of knowledge and has certain characteristics in finding the
truth. Meanwhile, Agustyaningrum et al. (2019) state that reasoning is a thinking
activity to understand conclusions and determine statements resulting from the
thinking process that are true from relevant theories. Because reasoning is directly
related to everyday life which functions in determining the right conclusion based
on true facts and knowledge, reasoning skills are very important for students to
have.

Because reasoning is directly related to everyday life which functions in
determining the right conclusion based on true facts and knowledge, reasoning
skills are very important for students to have (Konita et al., 2019; Hjelte et al.,
2020). This is emphasized by NCTM (2000) which states that reasoning is one of
the five process standards in mathematics learning. In learning mathematics there
are various kinds of reasoning that are developed. One of them is proportional
reasoning. Interpreting proportional reasoning can be done through an
understanding of reasoning and proportion. This is in line with Misnasanti et al.
(2017) which states that proportional reasoning is mathematical reasoning related
to proportions and ratios. If the definition of reasoning has been explained at the
beginning which is a thinking process in drawing the right conclusions based on
true facts and knowledge. Proportion is the statement of the equality of two ratios,
i.e:a/b = c/d (Tourniaire & Pulos, 1985; Nugraha et al., 2016). Proportionality is a
key concept in elementary through college math education (Ahl, 2016).

Proportional reasoning is a mental activity that is able to understand the
relationship of changes in one quantity to another through multiplicative
relationships (Risdianti, 2016). Proportional reasoning is reasoning that focuses on
understanding values, and understanding what happens when values change
through multiplicative relationships. (Lutfi et al., 2022). Proportional reasoning is
formed from the word reasoning which means the process of thinking logically and
proportional which means a comparison situation, so proportional reasoning is
defined as the process of thinking logically in a comparison situation. (Nugraha et
al., 2016). Meanwhile, Norton (2005) defines proportional reasoning is used to
describe the concepts and thinking needed to understand rate, ratio and
proportionality including scale. The definition of reasoning in this study is the
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thinking process used in drawing the right conclusions in proportionality problems
through multiplicative relationships.

Research on proportional reasoning should receive great attention in
mathematics education. Research conducted by Zulkarnaen (2017) shows that the
achievement of proportional reasoning ability of 10th grade high school students is
still low. Another study, namely Yuliani et al. (2021) showed that the proportional
reasoning ability of junior high school students was still classified as moderate with
an average of 48.46%. Research by Zulfikar et al. (2018) stated that the proportional
reasoning ability of junior high school students is still low.

There are still many students who have difficulty in understanding the concept
of proportionality. Vysotskaya et al. (2021) explained the factors that make the
concept of proportionality very complicated for students, namely the multiplicative
relationship behind the proportionality-based concept, and the didactical obstacles
posed by the teaching process (intervention with prior knowledge). Mardika &
Mahmudi (2021) shows that students have difficulty in finding multiplicative
relationships contained in proportional reasoning problems, difficulty in
understanding the value of inverse comparisons, and difficulty in explaining the
solutions obtained from problems.

The low achievement of students' proportional reasoning skills is not in line
with the importance of proportional reasoning skills. Of course, this is a serious
problem that requires a solution. Several studies have been conducted that aim to
develop students' proportional reasoning skills Scheibling-Séve et al. (2022);
Giindogdu & Tung, (2022); Begolli et al., (2021); Lestari etal., (2019; Fauzi, (2018)
and other studies. Furthermore, a further review is needed related to proportional
reasoning ability, especially how the mathematics learning environment develops
it so that complete and comprehensive information is obtained. Like the research
conducted by Agusantia & Juandi (2022) who conducted systematic literature
review research focusing on analogy reasoning skills. The absence of research
related to systematic literature review on proportional reasoning ability is the reason
for researchers. Systematic literature review is a literature review method that
identifies, reviews, evaluates, and interprets all available research (Afsari et al.,
2021). With a systematic literature review of mathematics learning environment
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intervention studies on proportional reasoning ability can provide important
insights to improve the quality of mathematics education in the future.

The purpose of this study is to systematically review the literature related to
proportional reasoning in mathematics by paying attention to several things, namely
interventions carried out in developing students' reasoning skills, year of
publication, level of education, research methods, and sample size. Therefore, the
problem formulation in this study is as follows: (1) How is the result of mathematics
learning environment intervention research in developing students' proportional
reasoning ability based on co-occurrence of author's keywords (2) How is the
intervention of mathematics learning environment in developing students'
proportional reasoning ability? (3) How is the result of mathematics learning
environment intervention research in developing students' proportional reasoning
ability based on publication year? (4) How is the result of mathematics learning
environment intervention research in developing students' proportional reasoning
ability based on education level? (5) What are the results of mathematics learning
environment intervention research in developing students' proportional reasoning
ability based on research methods? (6) What are the results of mathematics learning
environment intervention research in developing students' proportional reasoning
ability based on country demographics? (7) What are the results of mathematics
learning environment intervention research in developing students' proportional

reasoning ability based on sample size?

B. Method
Research Design

The method used in this research is a systematic literature review (SLR) which
is a survey-based quantitative descriptive approach (Juandi, 2020). We conducted
a systematic structured literature review on a comprehensive digital database that
is widely used for relevant information on mathematics learning environment
interventions on students' proportional reasoning ability. To conduct our review, we
used the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) (Grimshaw et al., 2021; Juandi & Tamur, 2020).
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The steps used are (1) identifying topics and searching for relevant studies; (2)
screening documents to identify important studies; (3) checking the feasibility of

studies; (4) including analysis documents, synthesizing, and describing studies.

Inclusion Criteria

To select papers that fit the topic, the researchers applied the inclusion criteria.
The inclusion criteria used to obtain research data are in accordance with the
research objectives (Ariati & Juandi, 2022). The inclusion criteria in this study are:
(1) Research on learning environment interventions in developing students'
proportional reasoning skills, including bachelor, master, and doctor theses; (2)
Publication in the range of 2018 to 2023 (3) The research sample must consist of
elementary to college levels. (4) Research indexed by Google Scholar, Scopus, and
ERIC. Figure 1 shows PRISMA's steps in reviewing articles on mathematics

learning environment interventions in developing students' proportional reasoning

skills.
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Figure 1. Stages of Systematic Literature Review
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To collect studies about the intervention of mathematics learning environment
on students' proportional reasoning ability, the research conducted a search on the
search platform using the help of Publish or Perish 8 (PoP 8) software with Google
Scholar, Scopus, and ERIC databases. In the Google Scholar database, two searches
were conducted with different keywords, namely in English with the keywords
"proportional reasoning” AND "mathematics"” and in Indonesian with the keywords
"proportional reasoning™ AND "mathematics” while in Scopus and ERIC using the
same keywords, namely “proportional reasoning®” AND "matehamtics".
Researchers found 45 research papers. Next, the researcher downloaded the
selected and investigated papers, then the researcher analyzed the information
presented in the research papers. To show an overview of the co-occurance of
keyword authors, the VOSViewer software is used.

C. Results and Discussion

The results of the study are presented in seven sections including co-occurance
of keyword author, mathematics learning environment intervention, year of
publication, education level, research methods used, research demographics, and
sample size. The results of the analysis based on year of publication, education
level, research methods used, research demographics, and sample size are presented
in the table below:

Table 1. Research of Article Analysis Based on Inclusion Criteria

Characteristic Study Criteria Frequency
Year of Publication 2018 14
2019 8
2020 3
2021 9
2022 9
2023 1
Education Level Elementary school 11
Junior high school 23
Senior high school 3
College 5
Research Method Quantitative 20
Qualitative 14
Mix-Method 3
Research Design 4
Research & 3
Development
Country Demographics Indonesia 14
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Characteristic Study Criteria Frequency
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Study Based on Co-Occurrence of Author Keywords
The following presents co-occurrence based on the author's keywords which

can be seen in the figure below.
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Figure 2. Co-Occurrence of Author Keyword
Figure 2 shows that there are several keywords used by the authors of the 45
selected articles. These keywords can facilitate and help readers who put a big focus
on research on mathematics learning environment interventions in developing

students' proportional reasoning skills.
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Mathematics Learning Environment Intervention in Developing students’
proportional reasoning ability

Some of the interventions carried out in developing students’ proportional
reasoning skills are multimedia interactive, training based on multiple
categorization, Science Technology Engineering, Mathematics, and Art (STEAM),
Realistic Mathematics Education (RME), learning trajectory and lesson, error
analysis-based learning, metacognitive improve technique, assessment-assisted
discovery learning, specific mathematical language, self-explanation and example-
based practice, augmented reality activities, problem based learning, mathematical
modeling, learning cycle 5e nuanced ethnomatematics, hands-on activities, social
constructivist, continuous representations, authentic investigation activities, iconic
representations, instructional mixed model, instruction of problem-solving
strategies, situated simulation-based learning environment, preceding stimuli
formats, schema-based instruction, Meaningful Instructional Design (MID),
metacognitive apprroach, diskursusmulty reprecentacy, and model Knisley. Of
course, these interventions can be used by teachers who want to develop students'
proportional reasoning skills.

Study Based on Year of Publication

The research sampled in this study is from 2018 to 2023. Several studies have been
conducted on proportional reasoning of mathematics learning environment interventions in
developing students' proportional reasoning skills. The following is presented the
distribution of research that has been conducted based on the year of publication as follows:

Figure 3. Study Distribution Based on Year of Publication

Year of Publication

16 14
14
12
10
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2018 2019 2020 2021 2022 2023
In Figure 3, it can be seen that research on mathematics learning environment

interventions in developing students' proportional reasoning skills fluctuates from
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year to year. Research on the intervention of the mathematics learning environment
in developing students' proportional reasoning skills was mostly conducted in 2018,
namely 14 studies, then experienced a decrease in the number of publications in
2019 and 2020, namely 8 articles and 3 articles respectively, and experienced an
increase in 2021, namely 9 studies, while in 2022 it was still stagnant or the same
as in 2021. Meanwhile, in 2023, there was only 1 study. Regarding the importance
of proportional reasoning skills for students to have as stated, reasoning is the basis
for several mathematical concepts as well as a major component of the secondary
school mathematics curriculum (Vanluydt et al., 2021) and proportional reasoning
is one part of mathematics that is very difficult for students to understand. (Vanluydt
et al., 2021), It is necessary to conduct other research on mathematics learning

interventions in developing students' proportional reasoning skills.

Study Based on Education Level

Research on the intervention of mathematics learning environment in
developing students’ proportional reasoning ability was conducted at various levels
of education. The frequency of research in terms of education level can be seen in

the figure below.

Education Level

\ 26%

55%

Elementary school Junior high school = Senior high school = College

Figure 4. Study Distribution Based on Educational Level
Based on Figure 4, it can be seen that most of the research on the intervention
of mathematics learning environment in developing students' proportional
reasoning ability was conducted at the junior high school level where there were 23
studies with a percentage of 55%. Meanwhile, at the elementary school and

university levels, each has 11 studies with a percentage of 26% of research and 5
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studies with a percentage of 12%, and the least research was conducted at the high
school level, namely 3 articles with a percentage of 7%. This is in accordance with
research conducted by that proportional reasoning is developed from the age of
children to junior high school. (Kahraman et al., 2019).
Study Based on Research Method

Furthermore, research on the intervention of mathematics learning
environment in developing students' proportional reasoning ability has been
conducted using various methods. The number of studies, based on the research
methods used, can be seen in Figure 5 below:

Research Method

Mix-Method - 3
Research Design - 4
RnD - 3
0

Figure 5. Study Based on Research Method

Based on Figure 5, the research method that is often used in learning
intervention research in developing students' proportional reasoning skills is
quantitative research methods, there are 20 studies that use quantitative methods.
This is because the research on the intervention of mathematics learning
environment in developing students' proportional reasoning ability will be more
visible with quantitative methods that are stronger on statistics. In many of these
quantitative studies using a quasi-experimental approach, to see the causal
relationship between treatment and results (Khasawneh et al., 2022). Meanwhile,
there were 14 studies that used qualitative methods, 4 studies used design research
methods, and 3 studies each used RnD and mixed-method methods. This

dominating quantitative research can make opportunities for future follow-up
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research on metaanalysis of proportional reasoning skills, such as research
conducted by Juandi et al., (2022) conducted a meta-analysis of critical thinking
skills and problem-based learning.
Study Based on Research Location

Research on the intervention of mathematics learning environment in
developing students' proportional reasoning ability has also been conducted in
various countries in the world. The following is the distribution of countries that
have conducted research on the intervention of the mathematics learning

environment in developing students' proportional reasoning skills.

Research Location

Seriesl
E 4 I 14
N .

Figure 6. Study Based on Research Location

Based on Figure 6, it can be seen that research on the intervention of
mathematics learning environment in developing students' proportional reasoning
ability is mostly conducted in Indonesia, namely 14 studies. There are 12 studies in
the United States, 7 studies in Turkey, 2 studies in Spain, and several countries with
1 study, namely Belgium, Israel, Italy, Japan, Germany, Jordan, Korea, France, and
South Africa.
Study Based on Sample Size

Research on the intervention of the mathematics learning environment in
developing students’ proportional reasoning skills was carried out using various
methods and different sample sizes according to the research objectives to be

achieved. The following presents the distribution of research based on sample size.
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Sample Size
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Figure 7. Study Based on Sample Size
Based on Figure 7, it shows that the research on interventions in the
mathematics learning environment in developing students' proportional reasoning
skills is mostly carried out using a sample size in the range of 30-99 students as
many as 19 studies. Meanwhile, 12 studies used sample sizes below 30 students,
and 8 studies with sample sizes above 100 students. Some studies found also did
not write the sample size used in the proportional reasoning research conducted,

namely as many as 5 studies.

D. Conclusion

Based on the presentation of the results and discussion, it is concluded that
mathematics learning interventions in developing students' proportional reasoning
skills. Some of the interventions are multimedia interactive, training based on
multiple categorization, Science Technology Engineering, Mathematics, and Art
(STEAM), Realistic Mathematics Education (RME), learning trajectory and lesson,
error analysis-based learning, metacognitive improve technique, assessment-
assisted discovery learning, specific mathematical language, self-explanation and
example-based practice, augmented reality activities, problem based learning,
mathematical modeling, learning cycle 5e nuanced ethnomatematics, hands-on
activities, social constructivist, continuous representations, authentic investigation

activities, iconic representations, instructional mixed model, instruction of
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problem-solving strategies, situated simulation-based learning environment,
preceding stimuli formats, schema-based instruction, Meaningful Instructional
Design (MID), metacognitive apprroach, diskursusmulty reprecentacy, and model
Knisley.

Research related to the intervention of the mathematics learning environment
in developing students’ proportional reasoning skills fluctuated in the range of 2018-
2023, while the most in 2018 was 14 studies, most of them were conducted at the
junior high school level, namely 23 studies, the most used research method was
quantitative method, namely 20 studies, Indonesia became the most countries in
conducting research, namely 14 studies, and the sample size in the range of 30-99
samples was the most widely used sample. Of course, this research can provide
benefits for many parties, especially for teachers who encounter difficulties in
students regarding proportional reasoning and want to develop it. Suggestions for
further research, of course, there are still many things that need to be done, for
example a systematic literature review that focuses more on indicators and how to
measure students' proportional reasoning skills and meta-analysis research such as

Juandi et al. (2022) can also be done in the future.

References

Afsari, S., Safitri, I., Harahap, S. K., & Munthe, L. S. (2021). Systematic Literature
Review: Efektivitas Pendekatan Pendidikan Matematika Realistik Pada
Pembelajaran Matematika. Indonesian Journal of Intellectual Publication,
1(3), 189-197. https://doi.org/10.51577/ijipublication.v1i3.117

Agusantia, D., & Juandi, D. (2022). Kemampuan Penalaran Analogi Matematis di
Indonesia: Systematic Literature Review. Symmetry: Pasundan Journal of
Research in Mathematics Learning and Education, 7(2), 222-231.
https://doi.org/10.23969/symmetry.v7i2.6436

Agustyaningrum, N., Hanggara, Y., Husna, A., Abadi, A. M., & Mahmudii, A.
(2019). An analysis of students’ mathematical reasoning ability on abstract
algebra course. International Journal of Scientific and Technology Research,
8(12), 2800—2805.

Ahl, L. M. (2016). Research Findings’ Impact on the Representation of Proportional
Reasoning in Swedish Mathematics Textbooks. Journal of Research in
Mathematics Education, 5(2), 180-204.
https://doi.org/10.17583/redimat.2016.1987

Ardhiyanti, E., Sutriyono, S., & Pratama, F. W. (2019). Deskripsi kemampuan

Halaman | 119



Ahmad Lutfi, Dadang Juandi, Bambang Avip Priatna Martadiputra

penalaran siswa dalam pemecahan masalah matematika pada materi aritmatika
sosial. Jurnal Cendekia: Jurnal Pendidikan Matematika, 3(1), 90-103.
https://doi.org/ttps://doi.org/10.31004/cendekia.v3i1.82

Ariati, C., & Juandi, D. (2022). Kemampuan Penalaran Matematis: Systematic
Literature Review. LEMMA: Letters Of Mathematics Education, 8(2), 61-75.

Basir, F., Karmila, & Ekawati, S. (2020). Deskripsi Kemampuan Penalaran
Mahasiswa Berdasarkan Gender pada Mata Kuliah Persamaan Diferensial.
Pedagogy: Jurnal Pendidikan Matematika, 5(1), 78-84.

Begolli, K. N., Dai, T., McGinn, K. M., & Booth, J. L. (2021). Could probability
be out of proportion? Self-explanation and example-based practice help
students with lower proportional reasoning skills learn probability. In
Instructional Science (Vol. 49, Issue 4). Springer Netherlands.
https://doi.org/10.1007/s11251-021-09550-9

Fauzi, M. A. (2018). Mathematics learning by using metacognitive approach to
improve mathematical logical thinking ability and positive attitude of junior
high school students. Journal of Education and Practice, 9(6), 115-123.
www.iiste.org

Firmanti, P. (2017). Penalaran Siswa Laki-laki dan Perempuan dalam Proses
Pembelajaran Matematika. HUMANISMA: Journal of Gender Studies, 1(2),
73-85.

Grimshaw, J. M., Hrobjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Mayo-
Wilson, E., McGuinness, L., McDonald, S., Stewart, L. A., Thomas, J., Tricco,
A. C., Welch, V. A., Whiting, P., Moher, D., Glanville, J., Chou, R., Brennan,
S. E., Boutron, I., Akl, E., ... Tetzlaff, J. M. (2021). Pravila PRISMA 2020.
Medicina Fluminensis, 57(4), 444-465.
https://doi.org/10.21860/medflum2021_264903

Gilindogdu, N. S., & Tung, M. P. (2022). Improving middle school students’
proportional reasoning through STEM activities. Journal of Pedagogical
Research, 6(2), 164-185. https://doi.org/10.33902/JPR.202213548

Hjelte, A., Schindler, M., & Nilsson, P. (2020). Kinds of mathematical reasoning
addressed in empirical research in mathematics education: A systematic
review. Education Sciences, 10(10), 1-15.
https://doi.org/10.3390/educsci10100289

Izzah, K. H., & Azizah, M. (2019). Analisis kemampuan penalaran siswa dalam
pemecahan masalah matematika siswa kelas IV. Indonesian Journal Of
Educational Research and Review, 2(2), 210-218.
https://doi.org/https://doi.org/10.23887/ijerr.v2i2.17629

Juandi, D. (2020). Heterogeneity of problem-based learning outcomes for
improving mathematical competence: A systematic literature review. Journal
of Physics: Conference Series, 1722(1). https://doi.org/10.1088/1742-
6596/1722/1/012108

Halaman | 120



Development Proportional Reasoning In Mathematics Learning Environment: Systematic
Literature Review

Juandi, D., Suparman, Martadiputra, B. A. P., Tamur, M., & Hasanah, A. (2022).
Does Mathematics Domain Cause the Heterogeneity of Students’
Mathematical Critical Thinking Skills through Problem-Based Learning? A
Meta-Analysis. AIP Conference Proceedings, 2468(September 2018).
https://doi.org/10.1063/5.0102714

Juandi, D., & Tamur, M. (2020). Pengantar Analisis Meta. UPI Press.

Kahraman, H., Kul, E., & Iskenderoglu, T. A. (2019). 7. ve 8. Sinif Ogrencilerinin
Nicel Karsilastirma Iceren Orantisal Akil Yiirlitme Problemlerinde
Kullandiklari Stratejiler. Turkish Journal of Computer and Mathematics
Education, 10(1), 195-216. https://doi.org/10.16949/turkbilmat.333046

Khasawneh, A. A., Al-Barakat, A. A., & ... (2022). The Effect of Error Analysis-
Based Learning on Proportional Reasoning Ability of Seventh-Grade
Students. In Frontiers in .... Frontiers Media SA.

Konita, M., Asikin, M., & Noor Asih, T. S. (2019). Kemampuan Penalaran
Matematis dalam Model Pembelajaran Connecting, Organizing, Reflecting,
Extending. PRISMA,Prosiding Seminar Nasional Matematika, 2, 611-615.

Lestari, P., Nurhasanah, F., Aryuna, D. R., Chrisnawati, H. E., Kurniawati, I.,
Kuswardi, Y., & Wulandari, A. N. (2019). Proportional reasoning and belief
of pre-service mathematics teachers: The use of modified Authentic
Investigation Activities (AIA) model. AIP Conference Proceedings, 2194.
https://doi.org/10.1063/1.5139788

Lutfi, A., Basir, M. A., Kusmaryono3, I., & Wijayanti, D. (2022). Analysis of
Proportional Reasoning Task in Task Series Book MANDIRI Grade VII.
Kontinu:  Jurnal Penelitian Didaktik Matematika, 6(1), 64-82.
https://doi.org/10.2207/jjws.91.328

Mardika, F., & Mahmudi, A. (2021). An analysis of proportional reasoning ability
of junior high school students. Jurnal Riset Pendidikan Matematika.
https://journal.uny.ac.id/index.php/jrpm/article/view/14995

Marfu’ah, S., Zaenuri, Masrukan, & Walid. (2022). Model Pembelajaran
Matematika untuk Meningkatkan Kemampuan Penalaran Matematis Siswa.
Prosiding Seminar Nasional Matematika, 5, 50-54.
https://journal.unnes.ac.id/sju/index.php/prisma/

Misnasanti, Utami, R. W., & Suwanto, F. R. (2017). Problem based learning to
improve proportional reasoning of students in mathematics learning. AIP
Conference Proceedings, 1868(August 2017).
https://doi.org/10.1063/1.4995129

NCTM. (2000). Principles and Standards for School Mathematics. NCTM.
https://www.nctm.org/Standards-and-Positions/Principles-and-Standards/

Norton, S. J. (2005). The Construction of Proportional Reasoning. Proceedings of
the 29th Conference of the International Group for the Psychology of

Halaman | 121



Ahmad Lutfi, Dadang Juandi, Bambang Avip Priatna Martadiputra

Mathematics Education, 4(December), 17-24.

Nugraha, Y., Sujadi, I., & Pangadi, P. (2016). Penalaran Proporsional Siswa Kelas
VII. Beta: Jurnal Tadris Matematika, 9(1), 34.
https://doi.org/10.20414/betajtm.v9il.2

Permatasari, D. I., Amin, S. M., & Wijayanti, P. (2017). Penalaran Proporsional
Siswa SMP Kelas IX dalam Menyelesaikan Masalah Matematika ditinjau dari
Gender. Kreano, Jurnal Matematika Kreatif-Inovatif, 8(2), 199-207.
https://doi.org/10.15294/kreano.v8i2.9537

Risdianti, A. (2016). Analisis Kemampuan Penalaran Proporsional Siswa Kelas X
dalam Pembelajaran Discovery Learning ditinjau dari Gaya Belajar Menurut
Kolt [Universitas Negeri Semarang]. http://lib.unnes.ac.id/26589/

Scheibling-Séve, C., Gvozdic, K., Pasquinelli, E., & Sander, E. (2022). Enhancing
Cognitive Flexibility Through a Training Based on Multiple Categorization:
Developing Proportional Reasoning in Primary School. Journal of Numerical
Cognition, 8(3), 443-472. https://doi.org/10.5964/jnc.7661

Tourniaire, F., & Pulos, S. (1985). Proportional Reasoning: A Review of the
Literature. Educational Studies in Mathematics, 16(2), 181-204.
http://www.jstor.org/stable/3482345

Vanluydt, E., Supply, A. S., Verschaffel, L., & Van Dooren, W. (2021). The
importance of specific mathematical language for early proportional
reasoning. Early Childhood Research Quarterly, 55, 193-200.
https://doi.org/10.1016/j.ecresq.2020.12.003

Vysotskaya, E., Lobanova, A., Rekhtman, I., & Yanishevskaya, M. (2021). The
challenge of proportion: does it require rethinking of the measurement
paradigm? Educational Studies in Mathematics, 106(3), 429-446.
https://doi.org/10.1007/s10649-020-09987-8

Yuliani, R., Nurhayati, & Alfin, E. (2021). Analisis Kemampuan Penalaran
Proporsional Siswa. Jurnal Bayesian: Jurnal Ilmiah Statistik Dan
Ekonometrika, 1(1), 24-39.

Zulfikar, M., Achmad, N., & Fitriani, N. (2018). Analisis Kemampuan Penalaran
Matematik Siswa Smp Dikabupaten Bandung Barat Pada Materi Barisan Dan
Deret. Jurnal Pendidikan Tambusai.
https://jptam.org/index.php/jptam/article/view/173

Zulkarnaen, R. (2017). Kesalahan Siswa Dalam Menyelesaikan Soal Penalaran
Proposional. Seminar Matematika Dan Pendidikan Matematika UNY, M-8,
49-54.

Halaman | 122



