Journal of

Study and Innovation in Education and Development Volume 4, Issue 5 (2025): 38-58

The Relationship Between the Components of Students' Produced
Representations and Their Problem-Solving Ability

Fatemeh Zarei'®, Majid Haghverdi?*®, Farhad Hosseinzadeh Lotfi*®, Mohammad Hassan Behzadi?®

1. PhD Student of Mathematics Education, Science and Research Branch, Islamic Azad University, Tehran, Iran
2. Associate Professor, Department of Mathematics, Arak Branch, Islamic Azad University, Arak, Iran
3. Department of Mathematics, Science and Research Branch, Islamic Azad University, Tehran, Iran

ABSTRACT

The aim of this study is to examine the relationship between the students' produced
representations and their problem-solving ability. This research investigates the
depictive features produced by students, including mathematical structure,
mathematical matching, and degree of abstract, based on the framework introduced
by Ott (2016) in solving mathematical word problems. In this study, students’
drawings and sketches were used as depictive representations. A total of 73 fourth-
grade students participated in the study. Data were collected through pre-test and
post-test assessments. The tests consisted of eight word problems, and a two-week
intervention was conducted after the pre-test. Each week, students were given four
mathematical word problems and were asked to create depictive representations for
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Keywords them based on Cox’s model (1999). These representations included all necessary
Mathematical structure, elements for understanding the problem, after which they were asked to solve the
Mathematical matching, Degree problem. Some students were invited to present their representations and solutions
of abstract, Word problem- in class if they wished. The findings of this study showed that the generated
solving representations and reflection on the documents help to facilitate the problem

solving process.
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EXTENDED ABSTRACT

INTRODUCTION

Mathematical problem-solving is a cornerstone of mathematics education, often
posing challenges for students and teachers alike. Researchers have long sought to identify
strategies that can enhance students' problem-solving abilities. Among these, the use of
depictive representations has emerged as a promising approach. Depictive representations,
which transform mathematical information into visual forms, help bridge cognitive gaps
between abstract concepts and practical understanding. Studies such as those by Hembree
(1992) and Fagnant & Vlassis (2013) have shown that visual aids, when used effectively,
can significantly improve students' ability to solve mathematical problems by providing
clarity and insight into underlying structural representations are often categorized as
descriptive or depictive (5, 6). Descriptive representations focus on symbolic relationships,
while depictive ones emphasize visual realism (9).

However, despite their benefits, depictive representations are not universally
adopted in problem-solving, particularly among younger learners. Research indicates that
students often struggle to create accurate or meaningful representations without explicit
instruction and practice. Ott (2016) developed a framework for analyzing depictive
representations in word problem-solving, emphasizing the importance of mathematical
structure, mathematical matching, and the degree of abstraction (21). This study aims to
examine how student-generated depictive representations influence their problem-solving
abilities.

METHODS AND MATERIALS

The study employed a quasi-experimental design involving 73 fourth-grade students
divided into intervention and control groups. Data collection consisted of pre-test and post-
test phases, with an intervention period spanning two weeks. The pre-test and post-test
included eight word problems, designed to assess students' ability to create and utilize
depictive representations.

During the intervention, students in the experimental group were tasked with solving
four mathematical word problems each week. They were instructed to create depictive
representations based on Cox’s model (1999), which encourages clarity and
comprehensiveness. Students were further prompted to present and discuss their
representations in class, fostering reflective and collaborative learning.

Depictive representations were analyzed using an established coding system,
focusing on three dimensions: (1) Mathematical structure, which evaluates the clarity of
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relationships between elements; (2) Mathematical matching, assessing the alignment
between the depictive representation and the problem text; and (3) Degree of abstraction,
measuring the extent to which the representations emphasize mathematical rather than
literal aspects. Statistical analyses, including two-way ANOVA, were conducted to
compare the performance of the two groups.

FINDINGS

The intervention yielded significant improvements in the experimental group's
performance across all dimensions. Key findings include:

1. Mathematical Structure: Students in the experimental group demonstrated
substantial improvement in representing objects and relationships related to the
mathematical structure of problems. Post-test scores showed a significant difference
between the intervention and control groups (p < 0.001), with the experimental group
exhibiting richer and more accurate representations.

2. Mathematical Matching: The experimental group achieved higher alignment
between their depictive representations and the problem text. They demonstrated a
better ability to reflect measured values, units, and operators in their diagrams. The
intervention group’s post-test performance surpassed that of the control group in this
regard, with significant interaction effects noted (p < 0.001).

3. Degree of Abstraction: While both groups showed limited improvement in
abstraction, the experimental group made more consistent use of mathematical
symbols and reduced reliance on literal illustrations. The post-test results suggested
a trend toward higher abstraction, though not statistically significant compared to
the control group.

4. Problem-Solving Performance: The experimental group significantly
outperformed the control group in overall problem-solving accuracy and
completeness. Post-test scores revealed that intervention students were better able to
analyze and solve word problems using self-generated depictive representations.
DISCUSSION AND CONCLUSION
The findings affirm the hypothesis that depictive representations can enhance

mathematical problem-solving, particularly when students are actively engaged in
generating and reflecting on these representations. The significant improvements observed
In mathematical structure and matching suggest that the intervention fostered a deeper
understanding of problem elements and their relationships. These results align with earlier
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studies by Van Dijk et al. (2003), which emphasized the value of reflective practices in
improving students’ representational skills (19).

However, the findings highlight a potential area for further investigation. The
preference for realistic representations among young learners may stem from their
developmental stage. Future interventions might explore gradually transition students from
literal to abstract representations.

Overall, this study underscores the importance of integrating depictive
representations into mathematics education. By allowing students to visualize and
externalize their thought processes, these representations serve as both tools for problem-
solving and means of communication. The findings suggest that a combination of guided
practice, reflective discussions, and classroom integration can significantly enhance
students' representational competencies and problem-solving abilities.

In conclusion, fostering the development of depictive representation skills among
elementary students has the potential to improve their mathematical reasoning and
problem-solving performance. Further research is needed to explore strategies for
enhancing abstraction and to investigate the long-term impact of such interventions on
students' mathematical development.
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