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The ability to solve word problems in different areas of elementary
mathematics plays a crucial role in fostering logical thinking, strengthening
reading comprehension, and enhancing students’ capacity to apply
knowledge to real-life situations. Among the key mathematical topics at the
elementary level is the concept of ratio and proportion. This study aimed to
explore the challenges students face in solving word problems related to
ratio and proportion at the end of elementary school, employing a
qualitative, task-based interview approach. The participants included
seven sixth-grade graduates who voluntarily completed five designed
tasks. Following the transcription of the interviews, inductive content
analysis was conducted, resulting in the identification of 15 sub-themes
grouped into five main themes including difficulty in reading problems, lack
of independence in the problem-solving process, difficulties in
understanding and processing problems, weaknesses in basic operations,
and conceptual difficulties with ratio and proportion. Based on these
findings, the study concludes with recommendations for improving
teaching strategies and designing instructional programs that better
address students’ actual learning needs.
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Extended Abstract
Introduction and Theoretical Background

Proportional reasoning, the cognitive capacity to understand and manipulate ratios and relationships
between quantities, represents a cornerstone of mathematical development and a critical objective in
elementary education. Its utility extends far beyond the classroom, forming the basis for daily decision-
making in contexts ranging from financial literacy and cooking to data interpretation. In Iran, the national
curriculum document explicitly emphasizes the cultivation of problem-solving skills as essential for
nurturing capable citizens. Within mathematics, word problems are a primary vehicle for developing these
skills, as they require students to integrate linguistic comprehension with mathematical conceptualization
and procedural execution. However, these problems are notoriously challenging for students, often due to
complexities in language, conceptual understanding, and the translation of real-world scenarios into
mathematical models.

The specific domain of ratio and proportion is formally introduced in the fourth grade and developed
through the sixth grade in the Iranian elementary system. Despite its foundational importance, both
international and national assessments indicate persistent difficulties among students. While previous
research in Iran has often focused on secondary school students, a significant gap exists in qualitative, in-
depth studies exploring the cognitive and linguistic hurdles faced by students at the very conclusion of their
elementary education. This study aims to address this gap by conducting a fine-grained analysis of the
challenges sixth-grade graduates encounter when solving ratio and proportion word problems, thereby
providing a evidence base for targeted pedagogical interventions.

Methodology
This research employed a qualitative design, utilizing task-based interviews as the primary method for data
collection. This approach allows for a rich, detailed exploration of students' cognitive processes, strategies,
and stumbling blocks in real-time as they engage with mathematical tasks.

Participants: The study involved seven male students from Tehran who had voluntarily participated
after successfully completing the sixth grade. This specific group was selected due to their recent and
comprehensive exposure to the formal curriculum on ratio and proportion.

Instruments and Data Collection: A rigorous process was used to select five word problems that
served as the interview tasks. An initial pool of problems was gathered from reputable sources, including
the "501 Math Word Problems" book, academic journals, and the Iranian teacher's guide for sixth-grade
mathematics. These problems were evaluated by eight experienced elementary school teachers for their
appropriateness, clarity, and alignment with the intended curriculum. The final five tasks were selected to
cover key concepts in ratio and proportion, including: part-to-part proportion, three-term proportion,
numerical ratio comparison, difference of ratios, and sum of ratios. Each task was contextualized within a
realistic scenario (e.g., travel distance, making chocolate milk, COVID-19 infection rates, money
comparisons, mixing paint).

During the interviews, students were asked to solve these problems while articulating their thought
processes aloud. All interviews were audio-recorded and subsequently transcribed verbatim for analysis.
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Data Analysis: The transcribed data were analyzed using inductive content analysis. This involved
repeated reading of the transcripts to extract meaningful statements, which were then coded into initial open
codes. Through a process of comparison, reflection, and categorization, these open codes were synthesized
into 15 sub-themes, which were further consolidated into five overarching main themes. To enhance the
credibility of the findings, multiple researchers independently analyzed the data, and consensus was reached
on the codes, sub-themes, and themes. Furthermore, Newman's Error Analysis (NEA) model was employed
as a theoretical framework to provide a deeper, stage-based interpretation of the identified errors. The NEA
model categorizes errors into five sequential stages: Reading, Comprehension, Transformation, Process
Skills, and Encoding.

Findings and Results
The analysis revealed a complex tapestry of challenges, which were organized into five central themes,
each comprising several sub-themes.

1. Difficulties in Reading the Problem: Students exhibited significant challenges at the basic level of
reading the problem text. This theme included sub-themes such as misreading words, poor fluency in
reading the text, omitting words or numbers, and frequently requesting help to read words or numbers.
These linguistic barriers prevented students from even accurately perceiving the problem's data, leading to
immediate misunderstandings.

2. Lack of Independence in the Problem-Solving Process: A prominent finding was students'
pronounced dependence on external validation. This theme was characterized by a lack of intellectual self-
reliance, with students consistently seeking confirmation from the interviewer at nearly every step. They
frequently asked if their approach was correct or requested direct guidance on how to proceed, indicating
low self-confidence and an underdeveloped capacity for autonomous mathematical thinking.

3. Challenges in Understanding and Processing the Problem: This theme encompassed difficulties
that arose after the problem was read. Key sub-themes included:

e  Weakness in Problem Comprehension: Students often failed to grasp the core meaning or the
goal of the problem.

e Dominance of Procedural over Conceptual Learning: Students tended to apply memorized
algorithms (like cross-multiplication) mechanically without understanding the underlying proportional
relationships. They often relied on additive reasoning (seeing difference) instead of multiplicative reasoning
(seeing ratio) when it was inappropriate.

e Computational Errors: Simple mistakes in mental arithmetic, written calculations, and misuse of
tools like calculators were common.

e Ineffective Strategy Implementation: Students demonstrated a limited repertoire of problem-
solving strategies, often resorting to random guess-and-check methods.

4. Conceptual Difficulties with Ratio and Proportion: This theme directly addressed
misunderstandings of the core mathematical concepts. Sub-themes included:

e  Misunderstanding Key Concepts: Students struggled with fundamental ideas such as part-to-part
proportion, comparing ratios qualitatively, and understanding the sum or difference of ratios.

e Additive vs. Multiplicative Reasoning: A pervasive error was the application of additive
strategies to problems that required multiplicative proportional reasoning.
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e Unfamiliarity with Notation: Students were often confused by different representations of ratios
(e.g., 7:4).

e Poor Understanding of Relationships in Proportional Tables: They failed to see the constant
multiplicative relationship between equivalent ratios in a table.

5. Weakness in Foundational Mathematical Operations: The analysis revealed that shaky
prerequisite knowledge severely hampered students' ability to solve proportion problems. Sub-themes
included:

e Lack of Mastery over Fractions and Decimals: Students had difficulty converting mixed
numbers to improper fractions and understanding the relationships between fractions, decimals, and
percentages.

o  Deficiencies in Division and Multiplication: Inadequate understanding of the conceptual meaning
of division and procedural errors in multiplication were frequent obstacles.

e Lack of Foundational Number Sense: This included problems with place value and reading large
numbers correctly.

When analyzed through the lens of Newman's Error Analysis, errors were observed across all five stages,
with the Transformation stage (translating the word problem into a solvable mathematical model)
presenting the most significant challenge. The study also noted the influence of affective factors, such as
anxiety, negative attitudes towards mathematics, and past educational experiences (including the impact of
online learning during the COVID-19 pandemic), on students' performance and perseverance.

Discussion and Conclusion

This study provides a holistic and nuanced understanding of the multifaceted challenges that hinder
students' success with ratio and proportion word problems. The findings illustrate that the difficulties are
not isolated but are interconnected across linguistic, cognitive, conceptual, procedural, and affective
domains. The over-reliance on procedural methods at the expense of conceptual understanding, as
evidenced by the persistent use of additive reasoning, highlights a critical weakness in how these concepts
are typically taught and learned.

The application of Newman's model confirmed that student struggles are systemic, affecting every stage
of the problem-solving process. The identified themes align with and extend previous national and
international research, underscoring the universal nature of these challenges while providing specific,
context-rich evidence from the Iranian elementary school setting.

The implications of this study are substantial for curriculum design, teacher education, and classroom
practice. It strongly suggests that a shift in pedagogical approach is urgently needed—from an algorithmic,
teacher-centric model to a conceptual, student-centered one. Instruction must explicitly address linguistic
skills, systematically teach problem-solving heuristics, and utilize visual representations and real-world
contexts to build a deep, relational understanding of ratio and proportion. Furthermore, rebuilding students'
mathematical confidence and independence is as crucial as addressing their conceptual gaps.

In conclusion, overcoming the challenges in proportional reasoning requires a comprehensive and
integrated instructional strategy. By focusing on the interconnected areas of language comprehension,
conceptual depth, procedural fluency, and affective support, educators can better equip elementary school
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students with the robust mathematical foundation necessary for academic success and effective functioning
in everyday life.

Keywords: Ratio and Proportion, Mathematical Word Problems, Elementary School Education,
Proportional Reasoning, Task-Based Interview, Qualitative Analysis, Newman's Error Analysis, Problem-
Solving Challenges.
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