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Abstract. This study investigates the skills of junior high school students in posing problems in the

field of proportional reasoning. This study, by considering purpose and implementation consecutively,

is applied and descriptive (survey type) in nature. The sample of this study was 442 of Qazvin City’s

junior high school students, who were chosen based on randomized cluster sampling. The measurement

tool was a questionnaire with five problem-posing tasks related to proportional reasoning witch its

content and face validity were examined by some of the mathematics professors and mathematics

education professors. The Cronbach’s alpha coefficient for the questionnaire was 0.83. Data analysis

was done using SPSS26 software and descriptive and inferential statistics methods. The analysis of

the results showed that the student’s problem-posing skill was generally evaluated significantly at the

level of “replacement” from the theoretical framework of the study. Also, the analysis of data showed

that there is a significant difference between the performance of students in 7th, 8th, and 9th grades in

problem-posing in the field of proportional reasoning, and with the increasing educational grade, their

problem-posing skills will be increased. On the other hand, by studying the effect of students’ gender

on problem-posing performance, it was found that there was no significant difference between boy and

girl students in problem-posing. Also, it was observed that the school type is not an effective factor in

problem-posing in proportional reasoning problems and there is no significant difference between the

performance of ordinary and gifted school students. The results of this study can be used in teacher

Training and textbook authoring.
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1. Introduction

Proportional reasoning is the cornerstone of high school mathematics and is known as the main

goal of the elementary mathematics [1, 2]. Proportional reasoning including ratio, proportion, rate,

and fraction are among the important concepts of school mathematics that their learning is necessary

for students but it is difficult for teachers to teach [4, 5, 2]. Proportional reasoning is a special

mathematical topic in mathematics education research because many subjects need knowledge and

understanding in mathematics curriculum (e.g. scale, probability, percentage, rate, calculus, algebra,

geometry) [16] and science (density, molarity, speed, force) [17, 13]. Problem-posing is one of the

most important aspects of pure and applied mathematics and can be a part of the modeling cycle

that is required in modeling real-world phenomena. Based on Leung [43], problem-posing is the new

organization of the given problem. In this research, according to the part of the literature review

(Vistro-Yu model and Leung model) and evaluation and modification of them, we observed that in

the Vistro-Yu model, the incorrect problems were not been considered and in the Leung model, a

suitable classifier was proposed for incorrect problem posing in this study, we have proposed a suitable

classifier for incorrect classification. Therefore, by choosing the three levels of the five levels of the

Leung model that were related to incorrect responses and applying some small changes in it and also

levels of Vistro-Yu levels, a combination framework composed of 9 levels was formed and the ability of

the junior high school students was studied. In this framework, after reviewing and analyzing project

issues, first, the performance of the students is divided into two categories correct problem posing and

incorrect problem posing. Incorrect problem posing is classified in three levels and the correct problem

posing is classified in six levels. The reason for choosing this combination is that the frameworks used

in it were complementary and supported each other, and by combining them, a complete classification

was achieved that covers the wide range of students ’ problem-posing.

2. Main Results

In this research, five questions related to the concepts need to be provided to the students with

different formats and include a specific goal. These five questions were selected as selection criteria

and were selected for use in the study to cover all objectives of the study and the extracted data from

them were adapted and adapted with the research framework. Therefore, the students’ responses to

test questions after careful examination and extraction of the results from each of the levels of the pro-

portional problem-posing framework and then the data obtained, led the researchers to the secondary

goals of this research, the effect of educational grades, gender, and school type on the performance of

students in proportional reasoning. For this purpose, the test questions the target, and the answers

provided by students to test questions were analyzed. In general, according to the results of the anal-

ysis of students’ responses to test questions, the performance of the students in posing proportional
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problems is fairly good. However, most of the students responded to test questions and posed a new

problem by changing the variables, numbers, and numerical relationships of the problem and their

performance was evaluated mainly at the level of substitution. in addition, a considerable portion of

the answers were related to the questions that were posed incorrectly and different factors can have

caused this matter such as lack of accuracy to problem assumptions, problem posing with rely on

intuition and without reasoning, insufficient understanding of rate concept, incorrect comparison of

fractions, misunderstanding in the concept of percent and how to use it and so on. On the other hand,

a major part of the incorrect responses is related to the lack of understanding of the nature of the

problem, because understanding the nature of a problem is the first step in the solution of the problem

[37]. As it was observed a considerable portion of the students with collective strategy and vice versa.

After careful examination and analysis, the responses of students to test questions were categorized

according to their collective or multiplicative understanding and their proportional reasoning and their

proportional reasoning and achieve their goal in each of the nine levels of the theoretical framework

of the study. Students’ correct responses were classified in levels of 4 to 9, (replacement level to refor-

matting level) and similarly incorrect responses at levels of 1 to 3, (proposition level to the impossible

problem level). The results showed that most of the answers were in level 4 (replacement). In conclu-

sion, according to the distribution of students’ responses to levels of the research framework, it can

be concluded that the performance of students in posing problems related to proportional reasoning

is placed at the replacement level. The outcome of this study is that the percent of the answers to

the research questions at the second level (irrelevant problem) can be attributed to the inability of

students to distinguish between proportional and non-proportional problems and inappropriate use

of proportional reasoning in collective and multiplicative situations, which according to [55, 5, 7] is

one of the most important weaknesses of the junior high school students in dealing with proportional

reasoning. The root of this issue is the lack of understanding of the existing multiplicative or mul-

tiplicative relations between the variables and insufficient understanding of concepts such as ratios,

fractions, rates, and proportions. According to the results obtained from the study of the frequency of

correct and false responses to research questions, it can be found that 86.1% were correct, indicating

that most of the students were able to pose problems related to proportional reasoning. the results

of the chi-square test and Spearman correlation coefficient at a 95% confidence level showed that

there is a direct and significant relationship between the performance of junior high school students

in posing problems related to proportional reasoning and their educational grade with increasing the

educational grade of students their problem posing skills in proportional reasoning problems increases

too. in general, it makes the development of understanding proportional reasoning abilities. It was

also observed that there is no significant relationship between students gender and their performance

in posing problems related to proportional reasoning. Despite observing the general differences in the
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performance of students in gifted and general schools, this difference is not significant in terms of

inferential statistics and chi-square correlation coefficients.

3. Conclusions

According to the results of the analysis of students’ responses to the test questions, it is observed

that students in response to test and problem posing displayed a variety of functional levels. Some

of the students did not understand the concept of the problem, some posed a new problem by only

changing the variables, names, numbers, etc., in the problem, and some other added a new variable.

Also, it can be noted that the fundamental changes in the problem, contextualizing the problem and

making the problem near to the real world, reversing and shifting of demand and data exchanged with

each other. Among the causes of low success and low performance in problem posing in proportional

reasoning situations, we can mention the lack of accuracy to the problem assumptions, insufficient

understanding of rate concept, incorrect comparison of fractions, misunderstanding of the concept of

percent and how to use it, etc. The results showed that more than half of the posed problems were in

level five (replacement). Although a considerable portion of the responses was in level two (irrelevant

problem). Also, educational grade and school type influence the performance of students in posing

problems involving proportional reasoning, and at the 95% confidence level, there was a significant

difference between students’ problem-posing ability and their educational grades. But there was no

significant difference between boy and girl students and also students in general and gifted schools.

References

[1] R. Lesh, T. R. Post and M. Behr, Number Concepts and Operations in the Middle Grades, National Council

of Teachers of Mathematics, Lawrence Erlbaum Associates, 1988 93–118.

[2] Y. Copur-Gencturk, C. Baek and T. Doleck, A closer look at teachers’ proportional reasoning, International

Journal of Science and Mathematics Education, 21 (2023) 113–129.

[3] R. Lesh, M. Behr and T. Post, Rational number relations and proportions, In C. Janvier (Ed.), Problems of

representations in the teaching and learning of mathematics, Hillsdale, NJ: Lawrence Erlbaum Associates,

1987 41–58.

[4] S. J. Lamon, Rational numbers and proportional reasoning: Toward a theoretical framework for research,

Second handbook of research on mathematics teaching and learning, 1 (2007) 629–667.

[5] J. Lobato, C. Orrill, B. Druken and E. Jacobson, Middle school teachers’ knowledge of proportional rea-

soning for teaching, In Conference: Annual Meeting of the American Educational Research Association

(AERA), New Orleans, (2011).

84 http://dx.doi.org/10.22108/msci.2023.137726.1575

http://dx.doi.org/10.22108/msci.2023.137726.1575


H. Barkhordari, E. Reyhani and S. Haghjoo/ Journal of Mathematics and Society/ 8 no. 3 (2023) 81-117

[6] M. Arican, The development and application of an interview structure on determining preservice mathemat-

ics teachers’ competence in proportional reasoning, Mathematics Education Research Journal, 35 (2023)

55–79.

[7] S. J. Lamon, Teaching Fractions and Ratios for Understanding, Essential Content 83 and Instructional

Strategies for Teachers, Routledge, New York, 2020.

[8] M. M. Petit, R. E. Laird, M. F. Wyneken, F. R. Huntoon, M. D. Abele-Austin and J. D. Sequeira, A

focus on ratios and proportions, Bringing mathematics education research to the classroom, Routledge,

New York, 2020.

[9] K. Hino and H. Kato, Teaching whole-number multiplication to promote children’s proportional reasoning:

A practice-based perspective from Japan, ZDM, 51 (2018) 125–137.

[10] K. A. Cramer, T. Post and S. Currier, Learning and teaching ratio and proportion: Research implications:

Middle grades mathematics, In Conference:Research ideas for the classroom: Middle grades mathematics,

Macmillan Publishing Company, New York, NY, (1993) 159–178.

[11] A. S. Supply, E. Vanluydt, W. Van Dooren, and P. Onghena, Out of proportion or out of context? Compar-

ing 8-to 9- year-olds’ proportional reasoning abilities across fair-sharing, mixtures, and probability contexts,

Educ. Stud. Math., 113 (2023) 371–388.

[12] D. Ben-Chaim, J. T. Fey, W. M. Fitzgerald, C. Benedetto and J. Miller, Proportional reasoning among 7th

grade students with different curricular experiences, Educ. Stud. Math., 36 (1998) 247–273.

[13] J. M. Amador, A. Brakoniecki and D. Glassmeyer, Secondary teachers’ analytic stance of noticing based

on video of proportional reasoning, International Journal of Mathematical Education in Science and Tech-

nology, (2022) pp. 21.

[14] S. L. D. Benson, The influence of studying students’ proportional reasoning on middle school mathematics

teachers’ content and pedagogical content knowledge, University of Houston, 2011.

[15] K. N. Begolli, T. Dai, K. M. McGinn and J. L. Booth, Could probability be out of proportion? Self-

explanation and example-based practice help students with lower proportional reasoning skills learn prob-

ability, Instructional Science, 49 (2021) 441–473.

[16] A. Kahaki E. Reyhani E. Bahrami, Assessment of Understanding and Understanding of Eighth Grade

Students of Probability, Andishe-ye Amari, 24 (2019) 57–80.

[17] S. Dole, D. Clarke, T. Wright and G. Hilton, Students’ proportional reasoning in mathematics and sci-

ence, In Proceedings of the 36th Conference of the International Group for the Psychology of Mathematics

Education, (2012) 195–202.

[18] H. Amiri, et al, Mathematics for Year 6 in elementary school, Organization for Educational Research and

Planning, Ministry of Education, Tehran (Iran), Printing and Publishing Company of Iran Textbooks,

2021a.

[19] H. Amiri, et al, Mathematics for Year 8 in high school, Organization for Educational Research and Planning,

Ministry of Education, Tehran (Iran), Printing and Publishing Company of Iran Textbooks, 2021b.

[20] H. Amiri, et al, Mathematics for Year 9 in high school, Organization for Educational Research and Planning,

Ministry of Education, Tehran (Iran), Printing and Publishing Company of Iran Textbooks, 2021c.

http://dx.doi.org/10.22108/msci.2023.137726.1575 85

http://dx.doi.org/10.22108/msci.2023.137726.1575


H. Barkhordari, E. Reyhani and S. Haghjoo/ Journal of Mathematics and Society/ 8 no. 3 (2023) 81-117

[21] E. Reyhani, H. Barkhordari and S. Haghjoo, Investigating the performance of students in solving propor-

tional problems, Journal of Educational and Scholastic Studies, (2023).

[22] E. Vanluydt, T. Degrande, L. Verschaffel and W. Van Dooren, Early stages of proportional reasoning:

A cross-sectional study with 5-to 9-year olds, European Journal of Psychology of Education, 35 (2019)

529–547.

[23] S. Haghjoo and E. Reyhani, A qualitative meta-analysis of assessment frameworks of mathematical problem-

posing skills, Research in School and Virtual Learning, 9 (2022) 9–28.

[24] L. Baumanns and B. Rott, The process of problem posing: development of a descriptive phase model of

problem posing, Educational Studies in Mathematics, 110 (2022) 251–269.

[25] E. A. Silver, On mathematical problem posing, For the Learning of Mathematics, 14 (1994) 19–28.

[26] NCTM. (2000). Principles and Standards for School Mathematics. Reston, VA: The National Council of

Teachers of Mathematics, Inc.

[27] S. J. Lamon, More: In-depth discussion of the reasoning activities in Teaching fractions and ratios for

understanding, Routledge, 2005.

[28] M. J. Behr, R. Lesh, T. Post and E. A. Silver, Rational number concepts, Acquisition of mathematics

concepts and processes, New York: Academic Press, 1983 91–125.

[29] J. A. Van de Walle, K. S. Karp and J. M. Bay-Williams, Elementary and middle school mathematics,

London: Pearson Education UK, 2016.

[30] L. Fisher, Strategies used by secondary mathematics teachers to solve proportion problems, Journal for

Research in Mathematics Education, 19 (2) (1988) 157–168.

[31] E. Reyhani, S. Bakhshalizadeh and M. Dosti, Grade 6th students understanding of fraction, Journal of

Curriculum Studies, 9 (34) (2014) 133–164.

[32] T. Degrande, L. Verschaffel and W. V. Dooren, Proportional word problem solving through a modeling

lens: A half-empty or half-full glass?, In Posing and solving mathematical problems, Springer, Cham, (2016)

209–229.

[33] W. Van Dooren, X. Vamvakoussi and L. Verschaffel, Proportional reasoning, (Educational Practices Series,

30). International Academy of Education (IAE), (2018).

[34] T. K. Ulger, I. Bozkurt and M. Altun, Analyzing in-service teachers’ process of mathematical literacy

problem posing, International Electronic Journal of Mathematics Education, 17 (3) (2022) pp. 19.

[35] E. Stoyanova and N. F. Ellerton, A framework for research into students’ problem posing, In P. Clark-

son (Ed.), Technology in Mathematics Education, Melbourne: Mathematics Education Research Group of

Australasia, (1996) 518–525.

[36] M. Eskandari and E. Reyhani, Investigating the process of problem posing, Journal of Theory & Practice

in Curriculum, 2 (3) (2014) 117–140.

[37] E. Reyhani and S. Haghjoo, Mathematical problem solving : from theory to practice: A perspective for

mathematics teacher education, Shahid Rajaee Teacher Training University, Tehran, Iran, 2020.

86 http://dx.doi.org/10.22108/msci.2023.137726.1575

http://dx.doi.org/10.22108/msci.2023.137726.1575


H. Barkhordari, E. Reyhani and S. Haghjoo/ Journal of Mathematics and Society/ 8 no. 3 (2023) 81-117

[38] M. Izadi and E. Reyhani, Using an unusual Task to investigate elementary school teachers’ mathematical

-task knowledge and common content knowledge of fraction concept in tehran province, Research in School

and Virtual Learning 7 (4) (2020) 55–70.

[39] E. Stoyanova, N. F. Ellerton, A framework for research into students’ problem posing, In P. Clarkson (Ed.),

Technology in Mathematics Education, Melbourne: Mathematics Education Research Group of Australasia,

(1996) 518–525.

[40] L. D. English, The development of fifth-grade children’s problem-posing abilities, Educational Studies in

Mathematics, 34 (3) (1997) 183–217.

[41] S. H. Im and A. K. Jitendra, Analysis of proportional reasoning and misconceptions among students with

mathematical learning disabilities, The Journal of Mathematical Behavior, 57 (2020).

[42] M. Nedaei, F. Radmehr and M. Drake, Exploring undergraduate engineering students’ mathematical

problem-posing: the case of integral-area relationships in integral calculus, Mathematical Thinking and

Learning, 24 (2) (2022) 149–175.

[43] S. S. Leung, Teachers implementing mathematical problem posing in the classroom: challenges and strate-

gies, Educational studies in mathematics, 83 (1) (2013) 103–116.

[44] J. E. A. Cai, An investigation of U. S. and Chinese students’ mathematical problem posing and problem

solving, Mathematics Education Research Journal, 10 (1) (1998) 37–50.

[45] M. Carney, K. Paulding and J. Champion, Efficient assessment of students’ proportional reasoning, Applied

Measurement in Education, 35 (1) (2022) 46–62.

[46] C. K. Bilir, Pre-service Teachers’ Use of Proportional Reasoning Skills to Solve the Area Measurement Prob-

lems of the Rectangles, In international online conference on mathematics education, 26-29 Istanbul/turkey

(2021) p. 63.

[47] E. Reyhani, F. Hamidi and F. Kolahdouz, A study on algebraic proof conception of high school second

graders, Procedia-Social and Behavioral Sciences, 31 (2012) 236–241.

[48] A. Peng, M. Li, L. Lin, L. Cao and J. Cai, Problem posing and its relationship with teaching experience of

elementary school mathematics teachers from ethnic minority area in southwest china, EURASIA Journal

of Mathematics, Science and Technology Education, 18 (2) (2022) pp. 14.

[49] C. Vistro-Yu, Using innovation techniques to generate ‘new’ Problems, In book: Mathematical problem

solving, Singapore: World Scientific Publishing Co. Pte. Ltd., 2009 185–207.

[50] E. Vysotskaya, A. Lobanova, I. Rekhtman and M. Yanishevskaya, The challenge of proportion: does it

require rethinking of the measurement paradigm?, Educational Studies in Mathematics, 106 (3) (2021)

429–446.

[51] A. Rafipour and L. Goya, Why was the mathematical performance of Iranian students in TIMMS unique?,

Journal of Mathematical Education Development, (75) (2004) 15–22.

[52] G. Howson, Looking back-and looking forward, The Mathematical Gazette, 80 (487) (1996) 129–136.

[53] J. M. Eckert, Trends in mathematics and science study (TIMSS): international accountability and implica-

tions for science instruction, Research in Comparative and International Education, 3 (2) (2008) 202–210.

http://dx.doi.org/10.22108/msci.2023.137726.1575 87

http://dx.doi.org/10.22108/msci.2023.137726.1575


H. Barkhordari, E. Reyhani and S. Haghjoo/ Journal of Mathematics and Society/ 8 no. 3 (2023) 81-117

[54] A. Rafi pour and L. Jokār, The role of gender and grade level in students’ math performance to solve a

none-routine problem, Journal of Educational Innovation, 12 (4) (2014) 27–44.

[55] T. Weiland, C. H. Orrill, G. G. Nagar, R. E. Brown and J. Burke, Framing a robust understanding of

proportional reasoning for teachers, J. Math. Teach. Educ., 24 (2) (2021) 179–202.

[56] A. M. Gallagher and R. De Lisi, Gender differences in scholastic aptitude test: Mathematics problem

solving among high-ability students, Journal of Educational Psychology, 86 (2) (1994) 204–211.

[57] M. Gorian, Different learning of girls and boys, Payk Bahar, Tehran, Iran, 2004.

[58] E. G. Fierros, Examining gender differences in mathematics achievement on the Third International Math-

ematics and Science Study (TIMSS), Boston College, 1999.

[59] H. P. Sharifi and M. Ghodrati, The Investigation of gifted girl’s creativity in talented-students, non-profit

and public achools, Jornal of Analytical-Cognitive Psychology, 1 (3) (2010) 31–40.

[60] A. Rafi pour, The study of the role of type of schools in proportional reasoning of students, Educational

Innovations, 11 (2014) 24–33.

[61] M. J. Behr, G. Harel, T. Post and R. Lesh, Rational numbers: Toward a semantic analysis-emphasis on

the operator construct, New Jersey, 1993 13–47.

[62] G. Harel and M. Behr, Structure and hierarchy of missing value proportion problems and their representa-

tions, J. Math. Behav., 8 (1989) 77–119.

Hamidreza Barkhordari

Faculty of science, Shahid Rajaee Teacher Training University Tehran, Iran

Email: hamidrezabarkhordary@gmail.com

Ebrahim Reyhani

Faculty of science, Shahid Rajaee Teacher Training University, Tehran, Iran

Email: e reyhani@sru.ac.ir

Saeid Haghjoo

Faculty of science, Shahid Rajaee Teacher Training University, Tehran, Iran

Email: s.haghjoo@sru.ac.ir

88 http://dx.doi.org/10.22108/msci.2023.137726.1575

http://dx.doi.org/10.22108/msci.2023.137726.1575

	1. Introduction
	2. Main Results
	3. Conclusions
	References

