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This paper advocates using large language models (LLMs) to enhance students' open-ended
mathematical problem-solving skills. The literature review reveals that using large language
models (LLMs) in educational settings is an emerging field with limited research evidence. Much
of the existing literature focuses on the perceptions of educators and other stakeholders and
evaluations of LLM model accuracy rather than their potentially transformative impact on
educational outcomes or personalised learning in mathematics. This paper reports on the
ongoing development of a study to provide such evidence. It presents expected results derived
from our preliminary development work, which suggests that teaching students to utilise LLMs
like ChatGPT effectively can enhance their critical thinking and analytical skills in mathematical
problem-solving. Initial observations and iterative refinements inform these anticipated
outcomes during the pilot phase of our research.
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Introduction

The advent of large language models (LLMs) such as ChatGPT heralds a potentially transformative era in
education (Wardat et al., 2023), promising to revolutionise how students learn and interact with information.
These advanced Al systems, capable of generating human-like text and understanding complex queries (Lo,
2023), offer unprecedented opportunities to personalise learning experiences, provide instant feedback, and
support diverse educational needs. With the potential to act as virtual tutors (Chen & Leitch, 2024; Pardos &
Bhandari, 2024), LLMs may provide educators with a powerful tool to augment traditional teaching methods.
However, alongside these promising potential benefits, integrating LLMs into educational settings raises
concerns (Kasneci et al., 2023). Issues such as academic integrity, the potential for misinformation, and other
ethical implications are born from the promise of an Al-driven learning environment (Spennemann et al.,
2024). If harnessing this technology's full potential is to be realised, it necessitates a careful and balanced
approach to its introduction into our classrooms. While the potential for Al to transform learning is evident
(Ansari et al., 2023; Guan et al., 2023; Lo, 2023), there is currently limited evidence of its measurable impact in
the research literature. Given the emergent and embryonic nature of large language models (LLMs) in
education (Lo, 2023), this article must draw on research that utilises LLM research from contexts beyond
mathematics instruction to understand their potential applications and implications comprehensively. This is
unsurprising given the rapid pace of technological change within the sphere of LLMs, and their recent
emergence into the educational discourse. Ongoing research is essential to understand and fully harness the
capabilities of LLMs such as ChatGPT.

The challenge of supporting problem-solving in mathematics

Reading comprehension is critical to students' ability to solve mathematical problems, particularly word
problems (Cartwright et al., 2022). Mathematical word problems require students to read and understand the
text, identify relevant information, and translate that information into mathematical equations or expressions
(Whimbey et al., 2013). This process is inherently tied to reading comprehension skills. Research has shown
that students' reading comprehension proficiency directly influences their performance in solving math word
problems (Pongsakdi et al., 2020; Prabowo et al., 2023). Students who need help with reading comprehension
are less likely to understand the problem's context and the specific mathematical tasks required, leading to
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difficulties in mathematical problem-solving.

Furthermore, the ability to navigate lexical ambiguities, where words have different meanings in mathematical
contexts compared to everyday usage, also plays a significant role (Cartwright et al., 2022). Students must be
able to discern these differences to interpret and solve word problems accurately. Therefore, enhancing
students' reading comprehension skills provides a potential route to significantly improving their mathematical
problem-solving abilities (Pongsakdi et al., 2020; Prabowo et al., 2023).

Literacy support can significantly enhance mathematics performance, particularly in solving mathematical
word problems (Cartwright et al., 2022; Pongsakdi et al., 2020; Prabowo et al., 2023). One approach found to
be effective is computer-assisted instruction that integrates contextually enhanced reading interventions (Nair
& Dubé, 2021). These interventions have led to greater mathematical word problem-solving gains than
standard reading programs, as they help students better comprehend and process the language used in math
problems. Additional evidence comes from Swanson et al. (2019), who developed a paraphrasing intervention
that has proven beneficial, especially for English Language Learners (ELLs) with math difficulties. Teaching
students to paraphrase relevant information improved their accuracy in solving mathematical word problems.
This approach helped both monolingual and ELL students by making the problem-solving process more
accessible and understandable. Techniques such as using keywords, visualisation, and graphic organisers can
aid students in breaking down and comprehending complex word problems (Gates, 2018). Overall, integrating
literacy support into math education would seem to aid in comprehension and empower students to tackle
mathematical challenges more effectively, thereby improving their overall math performance.

Ongoing research is essential to fully understand and harness the capabilities of technologies in higher
education (Vanderburg et al., 2023), such as large language models (LLMs). This report investigates current
literature on using LLMs, such as ChatGPT, as interactive literacy support tools for mathematics students
tackling open-ended problems. LLMs may help students access and engage with problems more effectively by
enabling them to ask questions and clarify meanings. Considering the nascent stage of large language models
(LLMs) in educational settings (Lo, 2023), this article will need to reference research from various fields beyond
mathematics instruction to explore their potential uses and impacts thoroughly. In addition, this report
presents preliminary findings from an ongoing action research project that seeks to explore the potential of
LLMs to enhance problem-solving skills in mathematics. Furthermore, we propose further research to evaluate
the efficacy of this technology in positively impacting student outcomes.

Examining the potential of Al-assisted learning

A literature review by Chung Kwan Lo (2023) provided a comprehensive overview of ChatGPT's capabilities,
applications, and challenges in the educational context. This overview reflected the diverse nature of this
emergent field of study, discussing the accuracy and performance aspects of LLMs, their potential applications,
and the ethical challenges to education. These diverse themes are similar to a review by Guan et al. (2023),
who noted that ChatGPT tended to excel in critical and higher-order thinking, particularly in economics, but
performs less satisfactorily in fields like law, medical education, and mathematics. However, LLM models
exhibit varying performance across domains, which can fluctuate as models evolve (Giannos & Delardas,
2023). Consequently, assessing an LLM's accuracy at any given moment concerning specific performance
criteria becomes challenging, especially with the rapid pace of technological evolution in this field.

These findings may call the efficacy of LLM’s as a tool to support mathematics learning into question.
However, Zong & Krishnamachari (2023) focused on testing the accuracy of GPT-3, GPT-3.5, and GPT-4 models
in solving math word problems (MWPs). The models were evaluated on their ability to classify word problems,
extract equations from word problems, and generate new word problems. GPT-4 demonstrated the highest
success rates, achieving 100% success in several categories. This study also highlighted several areas for
improvement to achieve more reliable and accurate performance. Research on the performance of LLM’s
underlines the imperative that students need to be taught to critically evaluate the output of LLMs, as these
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models can occasionally produce inaccurate or biased information.

It is crucial to consider the nature of the limited empirical evidence regarding LLM technology implementation
in educational settings (Ansari et al., 2023), as it becomes apparent that much of it centres on community
perceptions of the technology and their views on its potential applications. This focus on subjective viewpoints
highlights the need for more comprehensive and objective research to fully understand the impact and
effectiveness of technological tools in enhancing personalised learning experiences. Zheng (2023) reports on
the findings of a study utilising ChatGPT in teaching a data science course. Multiple benefits, including
programming assistance, help with understanding new concepts, and data analysis, were cited as potentially
benefiting the involved students. Benefits to educators and several potential challenges associated with the
technology were also reported. However, caution needs to be exhibited as these findings were based on a
survey of 28 graduate students and their instructors who filled out a questionnaire of 10 Likert scale questions.

An empirical study involving an extensive analysis of Twitter data (Fltterer et al., 2023) highlighted diverse
global reactions to integrating Al in educational contexts. It revealed that while there is significant enthusiasm
and optimism about the potential of Al tools like ChatGPT to revolutionise learning and teaching, there are
also notable concerns regarding ethical implications, data privacy, and the potential for exacerbating
educational inequalities. The analysis underscored the importance of addressing these concerns through
transparent practices and inclusive policies to ensure that Al education innovations are effective and
equitable. Similarly, a qualitative case study approach (Wardat et al., 2023) explored the perspectives of
various stakeholders, such as students and educators, on using ChatGPT in teaching mathematics. While
insights into stakeholders' perceptions are important and potentially illuminating, they also highlight the
present limitations of the empirical research base, which seems focused on human reactions to LLM
technology rather than its measurable efficacy. This underscores the need for research that rigorously
examines the effectiveness of large language models (LLMs) in improving student attainment.

One study that examined the potential impact of integrating ChatGPT into the learning of tertiary students
involved examining the quality of writing (Yesmin, 2023). The study was conducted in two phases within a
single day: a traditional written exam and an assignment completed using ChatGPT. Both assessments
consisted of 15 tasks related to basic information science, and a faculty member evaluated the results. The
similarity index of ChatGPT-generated assignments was checked using Turnitin to assess academic integrity.
The findings revealed significant student performance discrepancies between the traditional written exam and
the ChatGPT-assisted assignment. While the highest score in the written exam was 25.5 out of 30, the lowest
was 5. In contrast, the ChatGPT-generated assignments showed a much narrower range, with the highest
score being 26 and the lowest 22. However, no statistical significance tests were reported, which may be a
cause for concern. Moreover, the similarity index for ChatGPT-generated assignments was alarmingly high,
reaching up to 89%, which is unacceptable under university regulations. None of the ChatGPT-generated
assignments included in-text citations or references, raising concerns about academic ethics. The study
concluded that while ChatGPT can enhance learning, its use must be regulated to maintain academic integrity
and avoid plagiarism.

Whilst it seems clear that further research is urgently required to ascertain the potential efficacy of LLMs in
education (Guan et al., 2023; Lo, 2023), ChatGPT-generated help is reported to produce learning gains
equivalent to human tutor-authored help on mathematics skills (Pardos & Bhandari, 2024). This study involved
274 randomly assigned participants to one of three conditions: control (who received no help), human tutor-
authored help, or ChatGPT-generated help. The study used a pre-test and post-test design to measure learning
gains. Statistically significant results were obtained. Participants in all conditions were even at pre-test, but the
group that received ChatGPT support produced statistically significant learning gains of 17% compared to the
no-help control (1.85%) with p<<0.001. Human tutor-authored hints produced a learning gain of 11.62%, also
statistically significant at p=0.001. No statistically significant differences in learning gains were observed
between the ChatGPT and human tutor conditions (p=0.416). The findings of this research paper would
indicate that ChatGPT-generated help produced learning gains equivalent to human tutor-authored help in
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mathematics skills development.

Applying Al-assisted learning to enhance open-ended mathematical problem-
solving

Our proposed study will examine using a large language model (LLM) such as ChatGPT to improve students'
ability to solve open-ended mathematical problems. Our methodology involves a structured approach to
evaluate the impact of ChatGPT on students' mathematical problem-solving skills. Initially, students will be
presented with an open-ended mathematical problem, and their responses will serve as a pretest for
comparative purposes. Following this, students will receive instruction on how to use ChatGPT to interact with
the problem effectively. This training will include demonstrations on how to ask ChatGPT to rephrase
questions, define terms, and clarify meanings. Additionally, students will learn how to use follow-up questions
to explore the effects of different observations and assumptions. They will then be encouraged to use ChatGPT
as a literacy coach to help them provide an improved response to a second mathematical problem, which will
serve as the first post-test (post-test 1). Finally, students will be asked to solve a third mathematical problem
without the assistance of ChatGPT (post-test 2). This second post-test will be used to assess any potential
improvement in the students' problem-solving skills, indicating the lasting impact of the initial ChatGPT
intervention.

Significance and expected outcomes

Development of the intervention and piloting of the study has commenced, with early findings tentatively
emerging. However, caution needs to be exercised, given the preliminary nature of this work. Rather than
label these findings as preliminary, it is prudent for us to discuss expected outcomes informed by evidence
from the pilot. The expected outcomes from our research are anticipated to demonstrate the impact of
integrating ChatGPT into the problem-solving process on students' mathematical understanding and problem-
solving skills. Informed by findings from our pilot study, we foresee that initially, students will exhibit wide
variability in the quality of their responses to an open-ended mathematical problem. By teaching students how
to use ChatGPT to pose the initial problem and subsequently ask further questions to refine their answers, we
expect them to gain deeper insights into the problem, enabling them to explore different observations and
assumptions without the burden of manual recalculations. This intervention is likely to result in improved
quality of responses. However, a narrower range of quality is also expected, indicating that the initial post-test
could measure the quality of ChatGPT's assistance rather than the students' understanding. However, we
predict that a follow-up post-test without the use of ChatGPT will show a residual effect, with the quality of
students' responses improving from the initial pretest. This would suggest that the skills and insights gained
using ChatGPT have a lasting positive impact on their problem-solving abilities.

Conclusion

Large Language Models (LLMs) promise a multitude of applications in the field of education (Guan et al., 2023;
Lo, 2023). They may serve as intelligent tutoring systems, providing personalised feedback and tailored
learning paths based on individual student needs and progress. LLMs may also assist in automating
administrative tasks such as grading, scheduling, and even generating lesson plans, freeing educators to focus
more on direct student interaction. However, as Ansari et al. (2023) explain, most studies in this field are non-
empirical, with only 27% providing empirical research evidence. This underlines the urgent need for further
empirical studies in diverse educational contexts. Preliminary findings from the development of our study
show that explicitly teaching students how to use LLMs, such as ChatGPT, can develop critical thinking skills
and enable students to improve their mathematical literacy and problem-solving skills. Nonetheless, this is a
rapidly evolving field of study that urgently requires empirical research evidence, and the ongoing
development of our approach is designed to contribute to this need by providing such evidence.
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