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 With the aid of tools like computer algebra systems, routine mathematical calculations 

and symbolic manipulations can be quickly and accurately performed. In the advent 

of rapid growth of Generative AI tools, we examine how ChatGPT performs in solving 

a variety of mathematical problem-types and methods of representations in gateway 

mathematics courses. Our survey on the current use of ChatGPT among learners and 

experimentation with this generative AI tool in a learning environment, compels us as 

educators to examine how ChatGPT incorporated in teaching and learning, can be used 

to enhance acquisition of factual, procedural and conceptual knowledge in gateway 

mathematics. Applying ChatGPT in mathematical discourse elicits some potential 

issues with both discipline-specific and general instructional practices while 

enhancing benefits associated with elements of High Impact Practices (HIPs). We 

focus on discipline-specific instructional practices that are characterized by problem-

solving, problem-posing, open-ended questions with multiple solutions, modeling 

project activities, and technology integration.  When applied to a class learning 

environment, the question of the quality of the ChatGPT output and what can be 

offloaded to ChatGPT becomes important to both learners and educators. Our analysis 

of the students’ survey and the experimentation with ChatGPT shows that using 

mathematical problem-based tasks, with instructor-curated content and learners 

equipped with refined prompts enriches the quality of gateway mathematics education 

in AI environments.  
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Introduction 

 

Artificial Intelligence (AI) is a product of technological advances in Machine Learning and evolution of Natural 

Language Programs, that simulate human intelligence, behaviors, and processes.  “AI is everywhere” is a phrase 

used to express the extensive applications that AI has had in everyday life. AI technologies have found invaluable 

applications across various industries including finance, healthcare, marketing, digital spaces, navigation, 

automation, entertainment, and many more (Shakarian et al., 2023).  More so are generative AI tools that exploded 

to public domain with extensive capabilities producing content and knowledge. Generative AI tools not only 

mimic human intelligence but also draw on existing large data to create new content. The rapid growth and 

breakthrough in achieving complex deep-learning models for natural language understanding and generation has 

been fueled by the development of Generative Pre-trained Transformers (GPT) (Yenduri, 2023). The release of 

ChatGPT, an AI-powered Generative Pretrained Transformer trained on vast amounts of data in 2022 created a 

buzz across all sectors due to its ability to offer human‐like responses and its potential applications. ChatGPT 

provides a more natural and effective text and image input communication using deep learning techniques in 

generating creative output (Zhang et al., 2023), at a level far superior to any other AI model (Wen & Wang, 2023). 

The rapid emergence of ChatGPT models, with their unprecedented accuracy and fluency, has raised the stakes 

and potential to transform many industries, including education.  

 

Advances and growth in capabilities and potential impact of AI tools in many professional fields and areas of our 

lives have ignited debates about ethical implications due to inherent bias, appropriateness of use and issues of 

academic integrity. Prior to 2022, the use and awareness of AI in higher education particularly for instruction and 

student learning remained low (Hutson et al., 2022). Although increasing demand for adaptive learning reinforces 

the need for research on Artificial Intelligence (AI) in education, there have been few approaches that engage 

learners in meaningful interactions (Lee & Yeo, 2022). Studies have shown positive outcomes that AI has had on 

higher education including improved learning outcomes, retention and time to completion (Klutka et al., 2018).   

In the same period, towards instruction and student learning, the benefits of AI in higher education have been 

shown to include personalized learning, automated grading systems, conversational AI chatbots, and AI teaching 

assistants (Shakarian et al., 2023). With the advent of GPTs in 2022, the questions are, will same benefits of AI 

tools of yester years carry into the world of GPTs for example ChatGPT that generate new content, pretrained on 

massive data and with unparalleled accessibility and ease of use through natural language and image inputs. The 

ethical implications of GPT models, like any other rapidly developing technology, need to be taken into account. 

Like many technologies, the AI-Powered GPTs have taken business and digital spaces by storm, and it is bound 

to disrupt higher education and open possibilities that carry risks, challenges and promises. In higher education, 

the GPT will influence students' learning, how teachers work, and the structure of the education system. The 

potential disruption in higher education calls for educators to embrace and employ AI-Powered GPT as 

transformative elements to better prepare students as well as adapt to their drawbacks (Tlili et al., 2023). 

 

In anticipation of AI disruptions in Higher Education, educators will need to carefully rethink planning, teaching 

and learning activities, course content and structure, and assessment types. Furthermore, in addition to the use of 

technology in teaching and learning, generative AI tools allow for new, previously inconceivable tasks. The AI 
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disruption encourages us to evaluate our approach to instruction and assessment, and ensure we are placing greater 

emphasis on process, authenticity, and depth. Overreliance solely on AI powered GPT tools as a source for 

immediate solutions without engaging in the learning process may hinder development of critical thinking skills, 

communication skills and skills necessary for solving complex problems. This potentially disruptive technological 

innovation calls for stakeholders in education, including instructors and students, to partner in addressing the 

emerging accessibility, ethical and pedagogical challenges of generative AI tools like ChatGPT. Though potential 

benefits and challenges of ChatGPT in education have been suggested; its performance has been shown to be 

varied across subject disciplines (Lo, 2023), and potential impact on foundational knowledge gap poses new 

instructional challenges (Sánchez-Ruiz et al., 2023). Suggesting a more comprehensive course level understanding 

of the impact of ChatGPT and other GTP tools on student learning, content, pedagogy, and best practices is 

needed. Positive attributes have been highlighted in the use of ChatGPT in STEM; including quality, accuracy 

and inclusion of higher-order problem solving associated with recent version ChatGPT 4 (Lewandowski et al., 

2024). ChatGPT has been championed as a tool to think with; develop reflective and critical thinking, creativity, 

problem-solving skills, and concept comprehension in STEM education (Vasconcelos & dos Santos, 2023). 

ChatGPT, unlike mathematical software, provides ease of use and access in an environment where students can 

interact with mathematics without the need for computing skills or software. Studies conducted so far have focused 

on ChatGPT mathematical capabilities and performance (Frieder et al., 2023; Shakarian et al., 2023), which are 

found to be weaker than in other fields.  

 

Historically, there have been evolving concerns in Mathematics teaching and learning towards hand-held 

calculator and computers; however today these technologies are an integral part of teaching and learning. Like 

digital technology, AI technologies are envisaged to continue to stimulate educational system and teachers to 

integrate AI-powered GPTs into classroom practices in order to provide students with more experiences to interact 

with technology as a powerful learning tool (Thurm et al., 2023). According to NCTM (2024) position on AI, the 

AI tools do not replace the need to teach or problem solving, rather the technologies need to create positive 

pressure to reimagine teaching and assessment. Additionally, teachers’ roles in the digital era need to be aimed at 

developing crucial skills students need to cope with the demands of modern life (Wijaya, 2020). 

 

Despite the significant impact the rise of AI tools has had on various fields of advanced mathematics, the impact 

of AI technology on the teaching and learning of mathematics has only registered some success in undergraduate 

level mathematics (Luzano, 2024). Diverse threats and opportunities have been identified for assessments in AI 

environment (Shakarian et al., 2023) and strong performance is limited to exam-solving abilities. Overemphasis 

on procedural knowledge, and neglect of conceptual knowledge and authentic problem-solving skills is a 

challenge associated with integration of AI in learning mathematics in the recent past; prior to recent proliferation 

of GPTs. There is need for a more comprehensive approach that can counteract these limitations by a) employing 

safeguards to mitigate these threats, b) providing compelling opportunities for teachers and learners partnering in 

the learning process c) harnessing the synergy between AI technologies and mathematics learning, and d) building 

connections and context in mathematical concepts. 

 

This study investigates the role of ChatGPT in promoting students to develop conceptual and procedural 
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knowledge in gateway mathematics. In achieving that goal, the study will consider three questions in leveraging 

the potential of ChatGPT in advancing High Impact Practices in Teaching and Learning process: 

1)  How does ChatGPT perform in different mathematical representations in Mathematics gateway courses 

2)  How can ChatGPT be used to enhance teaching and learning of procedural and conceptual mathematics 

3) What is the potential discipline-specific issues associated with applying ChatGPT in Mathematical 

discourse. 

 

Standard educational technologies used in teaching and learning mathematics have shown promoted student 

engagement (Attard & Holmes, 2020), improved performance; providing opportunity for self-paced learning and 

immediate feedback (Bright et al., 2024). Educational technology has been shown to have a significant impact on 

student achievement, motivation, and attitudes (Qadir, 2022). The AI-powered GPTs in this context are poised to 

be effective tools for improving personalized instruction and adaptive learning (Carbonell, 2012), automating 

assessments and mechanisms for real-time feedback. According to Luzano (2024) and Higgins (2017), the 

personalized instruction, adaptive learning and timely feedback foster deeper conceptual understanding and 

mastery of mathematical concepts, leading to desired learning outcomes. The difficulties associated with 

integration of computers and Computer Algebra Systems (CAS) in the learning mathematics in the past have 

included a) compatibility with math content and symbols, b) lack of experience in using the CAS, c) limited 

appropriate teaching materials, d) acquisition of software licenses and e) unsystematic utilization among others. 

Potential utilization of AI-powered GPTs in mathematics has signaled a set of challenges different from those of 

the previous generation of technology and AI in education. 

 

ChatGPT models have shown different performance levels in problem-solving in different advanced mathematics 

fields (Udias, 2024). The flexibility and ability of ChatGPT to search for mathematical objects, given information 

about them, is shown to be suitable for gateway mathematics courses (Susnjak, 2022). However, the extent to 

which the potential benefits can be traced to “what the student is learning” in a specific course content with 

ChatGPT models outside of problem-solving components is not clear at this point.  

 

Rationale for the Study 

 

Studies on the performance of ChatGPT on mathematics learning has largely been focused to its computational 

capabilities in select mathematics word-problems (MWP) (Shakarian et al., 2023), and the correctness of solutions 

and accuracy of mathematical facts across various tasks that test mathematical skills (Frieder et al., 2023). In this 

study, we combine the elements of students’ perspectives, analysis of ChatGPT capabilities, and performance on 

specific types of math questions drawn from course content and assessments. The study pursues aspects of 

correctness, appropriateness of level, clarity, and mathematical representation across domains in learning 

scenarios. Studies have shed light on the considerable potential for ChatGPT to impact pedagogical practices 

(Sandu, 2024). Most observed aspect of AI in mathematics education is its effectiveness in teaching and learning 

process (Mohamed, 2022). An essential component of effective mathematics instruction requires thoughtful use 

of High Impact Practices (HIPs). This study further examines the impacts of integration of ChatGPT and similar 

AI tools into elements of High Impact Practices (HIPs) towards creating engaging learning environments. 
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Methods 

Student Survey  

 

Educational technologies, Learning Management Systems (LMS) and technology-mediated learning 

environments have been utilized differently depending on instructor preference. Despite the current unsystematic 

utilization of AI tools by instructors and students, given the versatility of the GPT tools; AI will certainly be 

integrated into the future of the workforce students are getting into. Towards cultivating positive awareness, 

leveraging AI’s potential and creating opportunity to integrate AI tools into our classroom consistently; we set out 

to conduct this study on sections of gateway mathematics courses, considered foundational and prerequisites to 

upper division mathematics courses. We frame the study into three themes, firstly, to gain insights into students' 

perception, use, and impact of freely available generative AI tools, in particular ChatGPT 3. To accomplish this 

task, we used two surveys from students conducted concurrently. The first was an institutional survey applied to 

the general student population at Columbus State University in spring semester 2024. The second survey was 

administered to three sections of gateway mathematics during spring semester 2024. These surveys were aimed 

in part at determining whether or not the students were already using AI-powered GPTs in their courses, and to 

what extent the learning climate has been disrupted by in particular ChatGPT-the most readily available AI 

powered GPT so far.  

 

Experimenting with ChatGPT on Assessment of Instructional Material 

 

Secondly, we applied ChatGPT to specific mathematics content concepts, problems from assigned homework, 

and select questions from three Problem Sets assigned in the spring 2024 semester. These tasks were aimed at 

profiling the interaction of ChatGPT with the gateway mathematics content, instructional materials, and 

assessment tools in our context. Even with the improvement of mathematical performance of ChatGPT across 

GPT-3.5 and GPT-4 versions, the mathematical quality of AI generated outputs is still under exploration.   

 

The application of ChatGPT on the concepts was geared towards a) correctness and improvements of the ChatGPT 

responses with changes in user prompts and, b) experimentation with different input prompts that utilized 

restrictions specified to the concepts. From the homework and Problems Sets, we considered Word-problems, 

directly formulated problems and problems involving graphs. We evaluated the mathematical forms and 

representations of the ChatGPT responses on a variety of problems for consistency, appropriateness of the depth, 

clarity, and precision. On True/False questions in our homework and Problem Sets, we delved to generate 

counterexamples using ChatGPT and studied them for appropriateness of level and relevance. The nature of 

prompts has been shown to influence the problem-solving capabilities of AI-powered GPTs; particularly in 

straight forward computational tasks (Mohamed, 2022); however, influence of the GPTs on the development and 

acquisition of expected procedural and conceptual skills for students remains under explored.  

 

Incorporating ChatGPT for HIPs 

 

Thirdly, as attested to by the Request for Information (RFI) (Gates Foundation, 2024), AI has the potential to 
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transform mathematics learning and instruction for all students particularly minorities, underrepresented, and 

underprepared. The effect and implications of the potential transformations on existing best practices, and 

emerging best practices as a result of using ChatGPT and other AI tools needs educators’ attention. In this work, 

we explore the potential impact of ChatGPT on effective mathematics teaching practices that include: 

• connections among mathematical representations to deepen understanding of mathematics concepts and 

procedures (NCTM, 2014). 

• building procedural fluency and conceptual understanding (NCTM, 2014) to create mathematical 

proficiency necessary for success in mathematics learning.  

• improved formative assessments through enabling enhanced question types (Cardona et al., 2023); that 

allow students to demonstrate and apply their knowledge in ways that emphasize process rather than 

products derived directly from the ChatGPT and other generative AI tools. 

 

The study also points out the need for new teaching best practices and competencies to cater to the incorporation 

of current and future advancement of generative AI tools in teaching and learning of gateway mathematics. We 

study potential discipline specific issues associated with applying ChatGPT in Mathematical discourse, including 

High Impact Practices (HIPs).   

 

Results 

Analysis of Student Survey Data 

 

The student survey conducted in three sections of gateway mathematics courses comprised seven mixed type 

questions that generated both quantitative and qualitative data. The survey garnered 81 respondents, with some 

questions eliciting less than the total number of respondents. The qualitative data of student responses was further 

organized around significant themes to establish the climate of students' current usage and perception to ChatGPT 

amid its public pervasiveness and stunning fluidity. This mathematics student survey data is studied in tandem 

with the institutional data conducted during the same period, spring semester 2024. The institutional student 

survey collected responses from 366 respondents. 

 

To determine whether or not students are engaging in use of the AI-powered GPT already, we considered 

responses to our first survey question, “Have you ever used an AI tool in a course?”. 60% of the respondents 

indicated “Yes”, using AI tools in a course. This is significant given the current self-selection nature of the use of 

AI tools in classrooms by students. Thirty-six percent of the respondents indicated “No”, not having used AI tools 

in a course, while 4% were unsure, responding to “Maybe”. To have responded “Maybe”, in our opinion, indicates 

students’ lack of clarity on what use or no-use of AI tools in a course constituted. 

 

From the institutional data, 38% of the students responded to the affirmative on using generative AI tools, while 

62% indicated “No” to using any AI tools. The reversal of the usage data indicates unsystematic utilization of AI 

tools across disciplines within the institution, with the highest percentage of use cases being in STEM fields 

(Zhang & Aslan, 2021). The “Technology” and “Engineering” in STEM are directly influenced by emerging 

technologies, while “Science” and “Mathematics” are the foundational knowledge of AI emerging technologies 
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(Chiu & Li, 2023).  This provides compelling justification to pursue the study on the impact of AI-powered GPTs, 

particularly ChatGPT, on gateway mathematics courses. 

 

AI Tools Familiar to Students 

 

With the proliferation and rapid emergence of generative AI tools, we next needed to establish what tools were 

available to students so far. A non-exhaustive list of 18 generative AI tools currently available in the market was 

presented, and respondents were asked to name AI tools they have used or are familiar with so far. The results 

of AI tools familiar to students are shown in Table 1. 

 

Table 1. AI Tools Familiar to Students 

Generative AI tool                                            Have used or familiar with 

ChatGPT 59% 

Grammarly 30% 

Mathway 19% 

PhotoMath 14% 

Other tools 23% 

None 11% 

 

Students had the option of multiple selections, and hence the percentages overlap, adding to more than 100%. The 

trend of AI tools choice resonates with institutional data. Independently when student responded to the question, 

“Have any of your teachers discussed the use of the following AI tools?” 52% polled ChatGPT while 28% polled 

Grammarly. The comparison of ChatGPT and Grammarly is not surprising since ChatGPT is content-oriented 

while Grammarly is predominantly language-based. ChatGPT has similarly been viewed favorably by 83% of 

students with a nationwide sample of students in Grades 10 through 12 (Schiel et al., 2023). The overall use of AI 

tools is set to increase as these cohorts of students get to college. Data on AI tools used by students is shown in 

Figure 1. 

 

 
  Figure 1. AI Tools Used by Students 
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ChatGPT is a choice for this study owing to its popularity in public domain in past years as well as its free 

accessibility (model 3.5 sufficient for this study) and ease of use. ChatGPT is accessible to hand-held devices such 

as android phones, iPad, and iPhone with an app download. The advantages include no sophisticated software or 

computer programs required to access this AI tool. 

 

For What Purpose Students Utilized AI Tools? 

 

In evaluating AI tools students are utilizing, it was essential to determine what the tools do in the context of class 

activities embedded in the three sections under our study. Our survey Question two, “Which of the following 

activities did you use AI tool for?” sought to establish for what learning activities the AI tools were utilized among 

“Problem Solving”, “Answer short answer questions on homework or Problem Set”, Answer Written Response 

Question on homework or Problem Set”, “Check solutions or get feedback on a mathematical problem,” and “All 

of the above”. Utilizing AI tools in “Checking solutions or getting feedback on a mathematical problem”, scored 

highest at 66%. The significantly low scores in utilization of AI tools in problem solving (8%) or answering 

specific types of questions in assignments indicate low uses of AI tools in completing complex tasks. Use of AI 

tools at the front end of learning, exploration, brainstorming, and problem-solving skills is suggested. This 

indicates that students apply AI tools with minimal or lack of guidance on usability or feasibility. The data on 

activities in which students used AI tools are shown in Figure 2. 

 

 
Figure 2. Activities Students Used AI Tools 

 

Students' Awareness or Usage of Some Specific AI Tools 

 

The survey also sought to identify students' awareness or usage of some specific AI tools applicable in their 

disciplines. The students responded to the question; “Have you used or heard about any of the following AI tools? 

Explain briefly”. The AI tools included ChatGPT, Grammarly, WolframAlpha, Mathway, Photomath and Chegg 

Study. Of the respondents, 90% indicated they have “heard” or “used” from the selection of six AI tools; of that 
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group 52% have used one of these AI tools. Only 10% indicated they have not used or heard of these AI tools. 

This highlights a positive awareness in the AI tools applicable to their discipline.  

 

The awareness of specific AI tools at discipline level outpaces the institutional one, where data shows 66% of 

respondents indicating “heard from faculty or peers” or “read from media outlets or sources outside of the 

institution”. In responding to the part of the question that asked respondents to explain briefly on the AI tools they 

have used or heard about, checking of answers and getting a better understanding of the steps in solving a problem 

dominated the responses as mirrored in Figure 2. 

 

How Helpful Were the AI Tools Used to Achieve Learning Goals? 

 

Students identified a variety of ways in which AI tools are helpful.  Of those who used AI tools, 90% indicated 

the tools were very useful, and 10% indicated that they did not find AI tools very useful. Checking their work, 

which included double checking their answers, was prevalent among the students as areas where AI tools were 

useful. Providing step-by-step explanations and providing similar examples were identified as help derived from 

AI towards solving problems.  

 

This underscores the importance of AI tools in providing feedback and reflection which is considered a means of 

self-assessment and a tool for which students attach meaning to their work (Landers & Reinholz, 2015). Students 

indicated that ChatGPT provides examples for concepts that the textbooks or LMS do not provide; thus, 

ChatGPT's generative nature bridges the concept gaps and students' experience. In this context, the generative AI 

tools provide flexibility and adaptivity that accord personalized instruction and offer effective tutoring. Other 

perceived helpfulness of AI tools highlighted by students included, providing starting points whenever they are 

stuck, learn from different perspectives, identify misconception, create confidence and assurance, provide details, 

and help identify background information the user needs to pay attention to, e.g. methods or techniques to be used. 

Traditionally, mathematics learning starts with conceptual understanding to promote procedural fluency; however, 

with the use of ChatGPT, procedural tools may be used to develop conceptual skills. Even with the step-by-step 

explanation of problems and availability of answers, the students pointed out that there is a need to “...practice to 

understand the process and become better.” 

 

On How AI Might Hinder Learning 

 

Students identified that overreliance on AI tools may hinder their critical thinking skills and ability to actually 

understand an assignment. This implies that the use of AI tools without understanding the underlying concepts 

results in gaps in foundational knowledge and the inability to transfer the skills gained. The students pointed out 

the possibility of AI tools providing wrong answers, misleading content resulting in frustration and demotivation 

among students. While some of these limitations are being addressed with improvements such as from ChatGPT-

3.5 to ChatGPT-4.0, in some areas, their ability to for deep and accurate representation of mathematics concepts 

is not readily available (von Hippel, 2024). Better prompting strategies have been proposed to improve the 

outcome of the AI responses. For mathematics, besides the loss of critical thinking and masking of problem-
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solving skills acquired through human computations, the students also identified that a false sense of progress for 

students may result from unguided use of AI tools.  

 

Students observed that unchartered use of AI tools will bypass authentic feedback for the instructor about the 

class's progress due to potential cheating, plagiarism, and extraneous information abounding in AI tools. From “It 

might make you complacent and it also takes a strong sense of morality to not cheat.”, “I mean it can take away 

from actually learning”, and “People can become dependent on it, and they can use it to cheat instead of actually 

grow their mind.”, underscores the potential decline in students exerting themselves towards their learning goals 

as a result of overreliance on AI tools (González-Calero et al., 2014). Towards assessments, students observed 

that while AI tools might be helpful in providing steps-by-step explanations and answers; “test are outdated and 

make no real world sense anymore when we have so much information at are finger tips” This highlights the fact 

that as AI tools evolve, their potential to revolutionize teaching and learning becomes increasingly apparent to 

students as well. 

 

Potential Impact of AI Tools on Your Education 

 

The general student perception of the potential impact of AI on their education was surveyed, with 54% indicating 

they envision a positive impact on their education. 22% projected negative impact while those neutral and 

unknown polled 14% and 8% respectively. Compared to similar but a different question in an institutional survey 

on the impact of AI tools to careers, and future prospects, there seems to be a reversal where only 25% indicated 

positive impact. The nature of step-by-step examples to learn mathematics and which is efficiently supported by 

AI-powered GPT tools are desirable to many students as qualitatively attested to by students' responses. This may 

in part have influenced the higher positive ratings of 54% for potential impact of AI on their education in the 

mathematics students survey. The student continued to observe; “While I think AI can hinder learning, it's really 

helpful when I need more instant explanations and revisions of my work without letting it do the work for me.” 

Here, the student emphasizes the need to work with AI tools rather than letting the AI do the work for them. 

“Important to be able to have a product that can assist me in understanding and completing a problem by going 

step by step and reverse engineering it.” 

 

While there is more to learning mathematics than explanations and examples, the students observe the potential 

for AI tools to place example generation into the hands of students (Watson & Mason, 2002). Additionally, GPT 

provide powerful tools to complete computational tasks and potentially enhancing interactive learning (Ouaazki 

et al., 2023), thus “it's much more efficient to ask AI to break down a problem into digestible pieces rather than 

needing to refer back to a 1hr lecture, sort through class notes, schedule a tutoring session, or refer to 

Google/YouTube and hope to find a solution that way” student observed. This highlights the importance of tidbits 

derived from ChatGPT in learning mathematics. Another consideration is students’ feelings towards AI-powered 

GPTs and their potential impact on their education. On this, the institutional survey indicated Excitement or 

Curiosity at 43%, Anxious or Concerned at 31% and 24% indicated neutral. The last two states of feelings indicate 

a potential for significant disruption by AI in teaching and learning if there are no systematic utilization or 

immediate interventions. 
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Experimentation with ChatGPT 

 

The ability for ChatGPT to simulate human-like interactions, break down complex concepts into tidbits, and 

provide real-time feedback makes it a viable tool for teaching and learning mathematics. With the rapid evolution 

of AI tools, and widespread use, it is imperative to rethink course content, teaching and learning activities and 

assignments. In this study, we apply the current course content taking into account the capabilities afforded by 

ChatGPT-3.5, reflect on its functionality, and consider applications to teaching in a gateway mathematics context. 

 

Computation 

 

We applied ChatGPT on questions sampled from Problem Sets and homework assigned for spring semester 2024. 

The homework comprised of True/False, Multiple Choice, Short Answer, and Written Response-type questions. 

On the other hand, the Problem Sets comprised primarily of Short Answer and Written Response- type questions. 

The Problem Set questions included standard word problems, numerical-equation problems, and graphical 

problems. We applied ChatGPT to provide solutions to diverse types of questions in the assignments for semesters 

and analyzed the ChatGPT output. We started off by typing in ChatGPT, a general mathematical statement 

“Design a rectangular box of minimum surface area with volume 24” that missed some details like dimensions 

and units.   The ChatGPT solution output is shown in Figure 3. 

 

 

Figure 3. ChatGPT Response to the Prompt  

 

In this output (Figure 3), it was observed that GPT paraphrased and provided a preamble to the classification of 

an “optimization problem” and ordered solution steps accordingly. The summary of steps and mathematical facts 

provided in an interactive dialogue style are envisioned to teach students how to organize key ideas into logical 

patterns, reflect on their work, and clarify their mathematics reasoning (Smit et al., 2023). In this case, where there 

are no specifications on the nature of the rectangular box, i.e. open or closed, ChatGPT defaults to a closed 

rectangular box. This highlights the essence of inputting refined prompts for appropriate ChatGPT response. 
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Multiple representation among the four domains of mathematics, verbal, graphic, algebraic and numeric, enhances 

teaching and learning of mathematics, promoting understanding (Mainali, 2021), and sensemaking.  In Figure 4, 

ChatGPT could not provide a graph of the piecewise-defined function but described it instead. While the 

description is correct, the absence of the expected domain of representation, i.e., a graph, is a classic case of a 

picture worth a thousand words. This limitation observed in ChatGPT-3.5 has been remedied by newer versions 

of ChatGPT.  

 

 

Figure 4. ChatGPT Response to a Piecewise-Defined Function 

 

ChatGPT may provide more advanced solutions beyond student level. While this has the potential benefit of 

providing advance organizer, challenging exercises, and further readings for the students, the capability to refine 

the prompts and improve the quality and level-appropriateness of the responses rests on the user's mathematical 

skills. At some point, additional information may not be necessary for incremental learning of mathematics 

concepts. In Figure 5, a direct prompt to “provide a diagram” of a given polynomial function elicited first the 

acknowledgement from ChatGPT that “I'm sorry for the inconvenience, but as a text-based AI model, I'm unable 

to generate diagrams directly”. ChatGPT then proceeded to guide on how to sketch graph of the function through 

standard steps that involved obtaining first and second derivatives to determine intercepts, critical points, intervals 

of increase and decrease, and inflection points.  
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Figure 5. Prompt Yields Standard Results Beyond Learners' Level 

 

The multi-step word problem in Figure 6 has additional parts asking the students to rate their confidence in ability 

to solve the word problem and rate the importance of knowledge to solve it efficiently. As shown in Figure 6, 

ChatGPT provided a 10/10 confidence level in this question without restrictions. When the restrictions “Without 

using derivatives and using only your prior knowledge” were added, the confidence level reduced to 7/10. It is 

noteworthy that, even with the restrictions in place, ChatGPT used derivatives at the end of the output. ChatGPT’s 

confidence level on the “importance of knowing how to solve such a problem efficiently” being an 8/10, provided 

a helpful aspect in consideration of this question in future assessments. 
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Figure 6. ChatGPT Output for Multi-Step Word Problem 

 

For the following conceptual question, ChatGPT failed to provide a coherent mathematical argument to support 

the solution provided, highlighting the fact that GPTs may provide misleading information. 



International Journal of Technology in Education and Science 10 (2026) 191-218 B. Kamau & N. Shukla 

 

205 

 

Figure 7. ChatGPT Generated Conceptually Misleading Information 

 

For question in Figure 7, the use of Intermediate Value Theorem or otherwise, is recommended and the average 

speed is 65 mph. While it is not clear why ChatGPT failed to solve a standard word problem; this type of output 

provides an opportunity for feedback and learning moment for students to reflect on, and critic AI generated 

solutions. Another feature of ChatGPT we applied towards the teaching and learning environment is its ability to 

generate examples of a mathematical concept as shown in Figure 8. 

 

ChatGPT capability to generate relevant examples provides both instructors and students with additional examples 

of specified concepts. The limitation here was that standard representations and notations were not used; instead, 

text descriptions were provided. Additional work is required to transcript the responses into standard mathematical 

formulation and symbols. This has the potential to dissuade or discourage inexperienced learners from utilizing 

ChatGPT for this purpose.  

 

To explore the performance of ChatGPT on external content, e.g. graphs generated by some online graphing 

calculators, we copied and pasted graph questions into the ChatGPT. ChatGPT responded “It looks like you have 

embedded a Desmos graph. How can I assist you with this graph?” When the prompt “find the limit as x 

approaches 4” was input, ChatGPT responded “I don’t have the ability to view external content including 

embedded Desmos graphs...”   ChatGPT output proceeded to provided interactive suggestions for possible inputs 

to allow progress in solving the problem. Future improvements on the functionality of the graph interface features 
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will help students towards fluency in numerical, graphical, and algebraic representations, which is a critical 

interplay in the learning of mathematics. 

 

 

Figure 8. ChatGPT Capability to Generate Relevant Examples  

 

The student survey outcome and the experimentation with ChatGPT on actual instructional and assessment 

materials suggest that further explorations will be needed to fully understand the scope and challenges of 

application of ChatGPT to mathematics content and its representation both to the student and the instructor.  

 

HIPs Considerations 

 

The impact of AI on established HIPs has not received much attention owing to the rapid advancements in AI 

tools. Comprehensive study on how the elements of HIPs integrated in teaching and learning materials are 

impacted or supported by generative AI tools is limited. Faculty and their students should engage in teaching and 

learning activities that promote HIPs in generative AI environments. 

 

In reviewing the current elements of High Impact Practices (HIPS), and analysis of the ChatGPT outputs, we 

established that: 

a) To place expectations at an appropriately high level, generative AI tools provide great potential for 

exploring high level material with the appropriateness guided by well-designed prompts and/or guidance 

by instructors.  

b) Significant investment of time and effort by students can be achieved through students pursuing complex 



International Journal of Technology in Education and Science 10 (2026) 191-218 B. Kamau & N. Shukla 

 

207 

tasks in contextualized projects. In such projects, students apply ChatGPT to explore questions and 

related complexities of the project. 

c) Frequent, timely, and constructive feedback is achieved through the adaptive and interactive nature of 

ChatGPT. The interactions and feedback have the potential to allow students to learn, to monitor, and 

adjust their approaches to learning. 

e) Periodic structured opportunities to reflect and integrate learning through Lab activities guided by feedback 

from ChatGPT. 

 

 

 

Figure 9. ChatGPT Instructions for Students' Interaction with Other Software 

 

This study applied ChatGPT to a pre-project designed to engage students, leading to a milestone course project. 

The assignment’s initial steps ask respondents to rate their confidence in solving the subsequent parts of an 

optimization problem. Analysis of the ChatGPT output was conducted and the results used to revise the course 

project that incorporates use of ChatGPT. In the two sections of the courses, GeoGebra and Desmos were used 
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for exploratory learning in the mathematics labs. On lab activities, we applied ChatGPT to provide instructions, 

responses and feedback to allow students interaction with the exploratory software as shown in Figure 9. 

 

The step-by-step interaction between the student, ChatGPT, and the software helps the student develop a deeper 

understanding of the mathematics concepts and provides opportunities to explore applications of mathematics in 

class environments. Student achievement has been shown to be higher with learning supported by explorations as 

compared to problem solving (Sokolowski et al., 2015). The labs are integral to active learning sessions and 

provide students with a reflective and contextualized environment supported by ChatGPT. 

 

Challenges of ChatGPT in Teaching and Learning of Mathematics 

Ethical Challenges 

 

The accuracy and reliability of the information generated by earlier versions of ChatGPT and AI tools in general 

have been brought to question. Besides the errors abound in use of AI tools, there are concerns towards potential 

of generative AI tools propagating biases across historical inequalities, cultural differences, user backgrounds 

(Hrastinski, 2019), (Akgun & Greenhow, 2022) and entry behavior. Coupled by the user privacy and data security 

concerns, there are unintended consequences that may stem from generative AI adoption and dependency in 

education, that include loss of human decision-making capabilities, laziness (Ahmad et al., 2023), loss of 

autonomy and academic integrity. Despite the potential benefits attributed to AI tools, students do not have 

equitable access to the technology needed to benefit from generative AI tools. The unique feature of text-based 

conversational responses from ChatGPT provides a level of access beneficial to the majority of users. The caveat 

here is that the quality of responses primarily depends on the quality of the prompts input (Gao et al., 2023). This 

may exacerbate gaps among students in readiness and foundational knowledge. Students with limited ability to 

create targeted ChatGPT prompts when overwhelmed with extraneous or incorrect information and beyond their 

level of preparedness may find less utility in the generative AI tools and be demotivated to learn. Responsible and 

effective generative AI usage requires planning, learning, and frequent assessment informed by comprehensive 

guidelines and policies at the course and institutional levels.  

 

Technical Challenges 

 

Representation from one mathematical form to another is crucial in learning and teaching of gateway mathematics. 

The ability of ChatGPT to represent different mathematical forms has been shown to be a limitation for 

particularly the ChatGPT-3.5 version. For example, expressing responses in graphical form or inputting graphical 

information is not readily done in this version of ChatGPT. While descriptions are provided in ChatGPT 

responses, it may require a student to interpret that response into a visual graph. Figure 4. above shows an instance 

where ChatGPT responses are not in closed form, as students are accustomed to seeing. Such a situation 

necessitates the learner to possess the ability to interpret that response into closed-form mathematical equations 

and expressions. In problem-solving, the natural tendency for the learner will be to input closed-form 

mathematical equations and expressions in ChatGPT as presented in textbooks or assignments; however, it is not 

intuitive how the student can achieve this. One of the alternatives we considered was to copy and paste into 
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ChatGPT. And while ChatGPT provides responses when copy-and-paste is utilized, the input is transformed into 

a form different from what was copied. For example, copying and pasting into ChatGPT the prompt in figure 10, 

yielded the output in Figure 11. 

 

 

Figure 10. Piecewise Defined Function Prompts 

 

 

Figure 11. Output of ChatGPT to the Prompt in Figure 10 

 

The difference between the input question form and the ChatGPT output form and syntax presents a disconnect 

and confusion for a learner reviewing the material. If a student cannot write symbolically, can they write verbally 

and vice versa? Even equipped with the fluency between verbal and symbolic representations, the introduction of 

mathematical symbols noise as depicted in figure 11. above is likely to alarm the most experienced users. Another 

aspect that raises a challenge is the ability for a student to write in mathematics, language, and symbolism. Without 

the ability on the learner’s part to communicate with or discern from ChatGPT, correct mathematics terminology, 

order of operations, symbols or forms; an unnecessary level of complexity is introduced, and errors are propagated. 

 

Pedagogical Challenges 

 

While leveraging the power of generative AI tools in the realm of teaching and learning, the educators will need 

to ensure that the essential activities that constitute learning remain with the student. Essential learning activities 

including critical thinking, analysis and synthesis, problem-solving, reflection, collaboration, and demonstration 

are impacted by generative AI in different ways. Though problem–solving, critical thinking or other skills may be 

gained, gaps in foundational knowledge are exacerbated due to overdependence on generative AI tools. 

Overreliance on ChatGPT, like any other emerging technologies, may hinder learning affecting student’s decision-

making, critical thinking, and analytical reasoning (Zhai, et al., 2024). Considering this challenge, it is important 

for instructors to work in partnership with students to determine what learning activities are to be offloaded to AI. 

The instructor has the fundamental task to ensure that the activities remain intentional, meaningful, and useful in 

the learning environment supported by generative AI tools. To engage students in learning activities that are likely 
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to result in achieving the learning outcomes in the generative AI environment, instructors will need to be equipped 

to respond and determine, what changes and when new information come with minimal disruption to students and 

the learning activities.  

 

 

Figure 12. ChatGPT Response 

 

 

Figure 13. Gauth App Output 
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Extraneous information and sometimes beyond the appropriate level of the learner results from prompts that are 

not well refined. Poorly refined prompts often produce irrelevant or overly complex content and context. Creating 

effective prompts requires more practice and interaction with the body of knowledge that matches the learners’ 

cognitive level. Instructor support to build these skills and guidance is required, allowing adequate time for task 

completion, encouraging exploration and recognition of learning acquired in the process of experimenting with 

different prompts. The limitation, even with well-refined and targeted prompts, may be to focus more on prompts 

and less on content and problem solving. Additionally, even across the AI tools, the accuracy and quality of the 

information generated can vary for the same input, which negatively impacts learning outcomes (Hasanein & 

Sobaih, 2023). For example, we compared ChatGPT response in Figure 12, to that generated by Gauth App, an 

AI calculator first launched in 2019 and touted as “the best homework helper” and downloadable in smartphones. 

In Figure 13,  Gauth App generated an algorithmic solution lacking the underlying mathematical concepts and 

resulting in a faulty incomplete solution. Potentially, this phenomenon leads to an inability to adapt to non-

standard problems or problems requiring creative solutions.  

 

 Adaptability of the AI tools like ChatGPT prompted by feedback and user interaction to refine its responses 

overtime (Frieder et al., 2023), requires the ability to determine what are the students learning in generative AI 

environments. With the capabilities associated with ChatGPT and other generative AI tools predicated on problem 

solving in gateway mathematics, it is not clear how these tools affect the acquisition of procedural and/or 

conceptual knowledge. While it has been demonstrated that conceptual knowledge for the expert impacts problem-

solving; contrasting with problem solving largely being independent of concepts for the learner (Gerace, 2001), 

over relying on problem-solving aspects of ChatGPT and other generative AI tools presents a pedagogical 

challenge to acquisition of conceptual and procedural knowledge. A student's prior mathematical knowledge that 

is robust, accurate, and activated at the appropriate time provides a strong foundation for building new 

mathematical knowledge. To provide opportunities and environments that support authentic learning, educators 

will need pedagogical approaches that emphasis systematic utilization of generative AI tools to aid students to 

acquire, organize, align, and apply that knowledge.  

 

Discussion 

 

This study combines the elements of students’ perspectives of AI tools, ChatGPT capabilities on problem-solving 

different types of mathematics problems, and high impact practices in a contextualized learning scenario. The 

anticipated widespread use of generative AI tools invites instructors to design courses and assessments that take 

into account capabilities afforded by these AI tools, while preserving the integrity of the learning taking place. 

This necessitates looking at in context, our pedagogy, integrity of course content and assessment, and accessibility 

issues. As demonstrated by students' survey in this study, only a section of the students is aware of or using AI 

tools despite the influx of new and updated generative AI technologies, not to mention the broad public debate it 

has ignited. Educators on the other hand have mixed responses towards use of AI tools and by large still lag behind 

in reimagining teaching and assessments approaches that are beneficial to students in generative AI environment. 

Given the potential power and the rapid advances in AI tools, the ensuing underutilization of the tools and the 

cloud of uncertainty among educators, there is evidence of need for creating positive awareness around use of AI 



International Journal of Technology in Education and Science 10 (2026) 191-218 B. Kamau & N. Shukla 

 

212 

tools in teaching and learning. ChatGPT has so far shown the highest utilization among students compared to 

other tools applicable in mathematics, primarily due to its accessibility, flexibility, and ease-of-use. The survey 

shows that students’ use of ChatGPT and other generative AI tools is tentative, with the majority using it to check 

their work. The responsible use of AI is also hampered by lack of guidelines and policy, particularly academic 

integrity. Some students expressed concerns that AI tools can take away from actual learning through extraneous 

information, inaccurate information, or overreliance on it at the expense of learning with it. This points to the 

question “What are the students learning?” Which underscores the need for promoting AI tools exploration by 

integrating use of generative AI tools into curricula, wherein instructors and students partner to evaluate tools like 

ChatGPT and their output critically. The disparity in the usage of the generative AI tools among the students 

coupled with their attitudes and perception will affect their ability to utilize the tools for effective learning 

outcomes.  An implementation plan needs to be in place to ensure generative AI tools usage aligns with 

educational goals, in such a way that essential activities that constitute learning remain with the student. 

Determining what can be offloaded to generative AI to ensure student success, with minimal disruption, is a 

natural step towards leveraging ChatGPT capabilities.  

 

In applying ChatGPT to our Problem Sets questions, it is evident that the task of computation and simplification 

can be delegated to the AI tool. The scenario suggests the need to formulate questions that go beyond computation 

and connect concepts to procedures in meaningful ways. Additionally, providing questions as advance organizers 

for example; What knowledge do you need to solve this problem? What applications do you see for this concept? 

elicits interactions with ChatGPT that has potential to develop deeper conceptual understanding. The interactive 

nature of ChatGPT responses to procedural questions provides opportunity for multiple avenues to build 

conceptual understanding, depending on the quality of the prompts. The feedback from ChatGPT responses is key 

to helping students organize and apply knowledge in other contexts, as attested to in our student survey. Our study 

findings indicate that effective integration of AI tools at the classroom level requires educators to critically re-

evaluate course objectives, class activities, assessment practices, question formulation, and the alignment of 

assignment objectives to ensure meaningful and ethical learning outcomes.  

 

The ability of ChatGPT to create multiple examples or counterexamples on a concept while explaining solution 

process has been lauded by students and carries the promise of personalized instruction.  As noted in NCTM’s 

position on procedural fluency in Mathematic (NCTM, 2024), the interplay of conceptual understanding and 

procedural fluency requires at the disposal of the student, a repertoire of strategies. Beyond problem-solving, 

ChatGPT and other generative AI tools provide the opportunity to develop the ability to effectively identify and 

dissect problems, exploring their boundaries and creatively redefining them to create solution spaces (Acar, 2024).  

 

ChatGPT is positively identified by students as providing such strategies and aiding in transfer of skills to solve 

similar problems. This capability is also demonstrated in the experimentation with ChatGPT on the Problem Sets 

we assigned in the sections. ChatGPT application to isolated problems provides responses that are with limited 

context and may not align with learner's level or meet learning goals. ChatGPT responses in mathematics while 

interactive have tended to be in standard structure and limited in human touch afforded by human tutors.  In 

essence to realize the intended impact of ChatGPT at the instructional level, educators will need to design courses, 
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assignments, teaching and learning activities that consider capabilities afforded by ChatGPT, while anchored in 

sound pedagogy. The role of HIPs in learning mathematics (Shukla et al., 2024), coupled with the potential for 

ChatGPT to promote student learning, requires developing a framework that considers the student's needs and 

learning outcomes in generative AI environments such as ChatGPT.  

 

This study has identified challenges associated with specific types of mathematics problems in ChatGPT 

environments, disparity in use of AI tools among students, limited coherence of what can productively be 

offloaded to ChatGPT and to achieve the desirable learning outcomes. As ChatGPT among other AI generative 

tools emerge as a revolutionary tool reshaping teaching and learning interactions, with information and content 

knowledge, there is need for an expert eye and intervention to examine its role and confronting the challenges that 

arise in an academic learning environment, where such tools are applied. Upon implementing the use of ChatGPT 

in class environments, the future direction of this work will be on leveraging the approach of flipped classroom 

(Shukla & McInnis, 2021), with the power of ChatGPT to improve student learning outcomes. There is potential 

to overcome some of the initial hurdles in mathematical capabilities of ChatGPT including word problems, graphs 

and sense-making with new iterations of ChatGPT including MathGPT. The extent to which the newer iterations 

of ChatGPT will impact learning outcomes remains out of the time scope of this study.  

 

Conclusion 

 

This study highlights the significant potential, capabilities, and scope of usage of ChatGPT in teaching and 

learning environments. The disparity in usage, unsystematic utilization and implementation challenges of 

ChatGPT among students and faculty provides classroom-level considerations in leveraging the power of current 

generation of generative AI tools like ChatGPT. Besides the ethical, technical and pedagogical challenges to be 

addressed for ChatGPT’s effective use in classroom environment, there is a need for content curation with High 

Impact Practices as guardrails to better incorporate ChatGPT in teaching and learning of foundational 

mathematics. To minimize the disruption in the implementation of ChatGPT and other generative AI, partnering 

with students allows for better alignment with their learning needs and outcomes. As the results of this study 

show, many students, faculty and institutions are yet to engage meaningfully with ChatGPT for structured 

education purposes. Incrementally embedding components of individualized learning and assessment strategies 

into the courses promotes students' engagement with ChatGPT for their learning. 

 

This study provides a foundation for further work on implementation strategies of ChatGPT in classroom 

environment, and its integration into active teaching and learning activities, authentic assessments and scalable 

personalized learning. The onus on the educators is to determine how can the capabilities of ChatGPT in teaching 

and learning integrate and scale up to the level of teaching and learning activities, course content and structure, 

assessment and curriculum while maintaining integrity and ensuring ease of use and access of these generative 

AI-technology. Further, the responsibility of educators extends to non-superficial addressing of limitations 

associated with AI tools to include overreliance, taking away from foundational knowledge, reliability of 

ChatGPT outputs and generating of problem-solving tasks that require deeper cognitive engagement. 
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Recommendations 

 

Our recommendations point to mitigating steps taken in creating an environment where ChatGPT is applicable as 

a teaching and learning tool in meaningful ways. Creating positive awareness by introducing ChatGPT in 

supportive ways that allow students to learn with ChatGPT and not learn from it. Students' responses associated 

learning from AI tools with complacency, comfortable safety net, overreliance, and bypassing authentic feedback 

about one’s progress. The awareness is also enhanced by allowing students to experiment with ChatGPT in low-

stakes or no-stakes tasks before expecting them to use it for graded assignments and learning activities. The 

learning process requires the faculty and student to learn from each other, clarify and determine what can be off-

loaded to ChatGPT through instructor guidance and experimentation while ensuring that essential activities that 

constitute learning, for example problem-solving, critical analysis, and reflection remain with the student. To 

encourage exploration beyond the classroom, and students investing significant amounts of time and effort over 

extended periods of time; we recommend giving students guided opportunity to complete contextualized course 

projects using ChatGPT. These explorations allow students to control their own learning journey by asking deeper 

questions and generating and testing ideas in collaborative assignments and projects. 

 

Central to the implementation and the leveraging of ChatGPT in learning environments is the need for educators 

to curate and contextualize content to motivate students to apply ChatGPT outputs to local and real-world 

problems so that learning is relevant and meaningful. Organizing and making connections between pieces of 

knowledge generated through ChatGPT to a coherent body of knowledge that students are better able to retrieve 

and apply effectively are skills that need to be developed As evidenced, refined and precise prompts help ChatGPT 

generate better and useful output, thus practicing precise prompting is essential to teach students how to write 

clear learning questions as prompts and engage creatively. Appropriate use of AI tools holds immense potential 

and promise in education considering the tools' generative capabilities and ability to enhance teaching and 

learning.  

 

In harnessing the potential and realizing the promise in the AI environments, educators must rethink and reshape 

the ways in which teaching and learning is designed and experienced. The pervasive influence of artificial 

intelligence will require educators to contend with the fact that teaching and learning can no longer be confined 

to the transmission of established knowledge; rather, it must foster adaptability, critical and ethical reasoning, 

creativity, and the capacity for lifelong learning. The challenges of designing learning environments suited to 

uncertain and rapidly evolving futures of generative AI tools, positions the educators to reconceptualize learning 

activities and assessments not as static processes but as dynamic ones that prepare students to learn alongside 

intelligent systems while navigating the complexities of their academic journey. 
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