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Abstract— This paper explores the role of LLMs in supporting undergraduate students' mathematical reasoning when solving electronics problems. We analyzed the model’s responsiveness, problem-solving strategies, and limitations using Brousseau’s Theory of Didactical Situations. Although LLMs proveded helpful suggestions, significant inconsistencies in its outputs undermined students' trust. The findings highlight LLMs’ dual potential as both a facilitator and a challenge in educational contexts, suggesting that its integration into learning activities must be carefully designed to enhance critical thinking and validation processes.
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AI and Chatbots in education
Many recent studies focus on the role of AI in learning, particularly examining the challenges posed by the use of chatbots in classrooms. Crawford et al. [1] explore the ethical and didactic implications of using LLMs in higher education, proposing a leadership-based approach that fosters student character development and authentic assessments to integrate AI responsibly. Pagliara et al. [2] investigate AI integration in inclusive education, analyzing its function as a tool, moderator and environment, with a focus on ethical, economic and pedagogical challenges for effective implementation. Our study focuses on the integration of chatbots in electronics problem solving, an interdisciplinary field that naturally incorporates mathematical reasoning. In Kock et al. [3], engineering students explored the use of LLMs as a learning tool within mathematics and engineering contexts, particularly for modeling, programming, translating models into code, and conceptual understanding. Over time, students developed critical awareness of the tool's limitations, such as inaccuracies in detailed outputs, and learned to use it more effectively as a support for learning rather than a shortcut to solutions. Barana et al. [4] found that using LLMs in mathematical problem solving can foster students' problem solving strategies and critical thinking skills. Students often had to assess and correct AI-generated solutions, which promoted active engagement and analytical reasoning. [5] highlighted the inconsistency of AI in handling mathematical graphical representations; however, they suggest that these shortcomings might encourage students to reflect more deeply and critically engage with the mathematics content.
Rationale of the research
In our research, we conducted an initial experiment in which undergraduate students interacted in pairs with ChatGPT,   available LLM by OpenAI, without any teacher intervention, in order to explore the dynamics that can emerge between students and the tool especially when used at home in an unstructured way. We selected conceptually simple problems of increasing difficulty (simple in the sense that students were familiar with similar types of tasks) that nevertheless required significant mathematical effort, particularly when the solution involved non-algebraic methods.
The analysis presented here focuses on the first problem, as it was the only one completed by all student groups. We based it on the following research question:
Can ChatGPT support problem solving in electronics by acting as a facilitator for mathematical content?
To analyze our findings, we employed Brousseau’s Theory of Didactical Situations (TDS), particularly the concept of the structuring of milieux, which provides a robust framework for conducting an a posteriori analysis aimed at understanding the mathematical components of the students’ activities.
Educational Framework
The theoretical foundation of this experiment is rooted in the Theory of Didactical Situations (TDS) by Brousseau [6]. In the activity we designed, we considered ChatGPT as (a part of) the milieu for students—that is, the system with which the student interacts within a given didactical situation. A milieu should facilitate the process of devolution, meaning it should support the shift whereby the problem becomes the student's own, motivating them to take ownership and seek a solution. Furthermore, the milieu should act as an antagonistic one—that is, it should behave as a non-purposeful system that the student must confront, challenging them to adapt and develop new strategies. ChatGPT, as an AI-powered chatbot, possesses characteristics that align with this concept: It is not explicitly designed for educational purposes and operates as a "black box," which means its responses are unpredictable and not controlled by the students; This creates a situation where they must critically evaluate the chatbot’s feedback, fostering autonomy and participation in problem solving, but also presents challenges: the high rate of its mistakes and the difficulty for teachers to control it. Guy Brousseau introduced various phases in students' procesess that we will use to describe our experiment: the action phase refers to the initial stage where students actively engage with a mathematical problem through exploration, manipulation, and interaction: the formulation phase refers to the exchange of information encoded in a language, wherein students articulate and express their mathematical ideas; validation phase, on the other hand, is the moment when students employ proof mechanisms to confirm the correctness of their ideas. We conducted our “a posteriori analysis” using the structuring of milieux as developed by Margolinas [7], based on TDS's original model [6]. This framework identifies seven distinct milieux (from -3 to 3) with which the student (or the teacher) interacts at different stages. The last three stages are from the teacher's perspective and about curriculum design, so we won't consider all of them. The stages, usually called situations, are not ordered chronologically, but are nested within one another and correspond to different students' learning processes.
Structuring of the Milieux
· S-3 corresponds to a situation that is not yet finalized, where students apply precoded and familiar, already known procedures; the corresponding milieu M-3 consists of the mathematical elements needed to start a problem. 
· S-2 refers to the situation involving actual or mental actions by students aimed at achieving a goal, facilitated by interacting with the milieu M-2. 
· The situation S-1 encompasses students' reactions and their reflection on the actions taken at level -2, the devolution process resulting from interaction with the milieu M-1 and the formulation process. 
· S0 represents the situation at the didactic level, controlled by the teacher, consisting of all actions taken by the teacher to sustain the process of devolution.
Methodology
Context of the experiment
The activity took place in the Laboratory for Digital Signal Processing at the Department of Electronics (FEEIT, UKIM, Skopje) with the participation of 16 undergraduate students and two high school students. During the entire activity, the professor communicated with students only for the explanation of the activity or technical problems. The students worked in pairs (they decided how to be paired); each pair had a sheet with the problems in both Macedonian and English, one of the laboratory computers with an internet connection, and some paper to write their solutions. We explained to the students that they could work on the problems for the first 20 minutes without any aid, and for 30 minutes with ChatGPT (at the end they saved the conversations as a screenshot in PDF); They could also use calculators and Python compilers. We asked them to submit a report of their work, differentiating on the sheet the two time slots. They could choose one or more problems. Moreover, each group filled out a Google form at the end. We received 12 questionnaire responses instead of 16 as the number of students, because 4 groups completed the questionnaire in pairs, stating that they agreed on the answers to the questions.
Collected data
We conducted our analysis with the reports, the conversations with ChatGPT and the google form, all in English; all of the students could speak English fluently. We focused on the work of 6 pairs of students because the conversations of two pairs were not usable. We decided to analyse in detail the first of four problems because most of the students spent the majority of time working on this one. 
The problem
The problem statement is: “Find the diode voltage VD and current ID in the circuit. Model the diode using the Shockley equation. Given: VG = 5V, R = 1kΩ, IS = 100nA, VT = 25mV”. The statement refers to the circuit in Figure 1, which consists of a diode, a generator, and a resistor connected in series. Students were required to model the circuit using Kirchhoff's law and Shockley equation, solving the resulting system numerically. 
[image: ]
Figure 1: Circuit given in the problem
In this problem, Kirchhoff law corresponds to (1), while Shockley equation is (2), leading to the final equation (3), a transcendental equation that can only be solved numerically.
(1) VG = VD + IDR 
(2) ID = IS( - 1)
(3) VG = VD + IS( - 1)R
Results
Analysis of  ChatGPT’s answers
We analyzed ChatGPT’s responses, evaluating three key aspects on a Likert scale: responsiveness to specific requests (rated on a scale from 1 to 5), the appropriateness of the chosen problem-solving method (also rated from 1 to 5), and the types of errors present in the implementation of the proposed solutions; the evaluation was based on the conversations related to all four problems. We then used the questionnaire completed by the students to evaluate certain aspects from their perspective, gaining more precise insights into why they asked specific questions and their level of trust in the model. An analysis of student interactions with ChatGPT revealed that the model was highly responsive to specific questions (rating of 4.6 out of 5). It addressed the issues raised by students, though not always exhaustively or accurately. The problem-solving strategies proposed were generally correct in their initial conception (rating of 4.5). However, the actual implementation of these strategies often proved inconsistent, meaningless or incorrect. ChatGPT always recognized the necessity of employing numerical methods, particularly suggesting output codes based on the Newton-Raphson algorithm for solving nonlinear equations. However, several issues were observed:
· Inconsistencies and hallucinations: In some instances, the equations presented in the output differed from those implemented in the code, leading to potential confusion and incorrect solutions.
· Neglecting the importance of initial approximations: ChatGPT often overlooked the significance of choosing appropriate initial guesses for Newton-Raphson's method. As established in numerical analysis, poor initial approximations can lead to divergence,in particular when the function's gradient has a modulus greater than 1 near the initial approximation. The initial values assumed for variables were sometimes not meaningful or appropriate for the problem context, affecting the accuracy and convergence of the solution. This was pointed out by students as well.
· Oversimplification of complex systems: In certain cases, ChatGPT failed to recognize that complex systems could be decomposed into simpler nonlinear equations, each solvable via Newton-Raphson's method. This oversight can result in inefficient or incorrect solutions.
· Improper update of approximations: The model sometimes did not correctly update successive approximations based on fundamental principles of numerical methods.
· Inadequate convergence checks: The only convergence criterion used was whether the voltage or current in the diode exceeded practical limits, rather than referring to the problem at hand.
· Assuming multiple unknowns from limited inputs: ChatGPT occasionally attempted to solve for multiple unknown variables using insufficient input data, leading to underdetermined systems.
· Limited iteration counts: The number of iterations used for numerical solutions was often too low to ensure convergence, especially for complex or stiff problems.
Students reported an average usefulness rating between 2.91 (considering 12 answers to the questionnaire) and 3 (considering 16 answers where the ones in pairs are counted twice, that is one for each student) out of 5. Seven out of eight groups stated that ChatGPT focused more on the circuit model and electronics aspects than on the correctness of the mathematical reasoning. However, five groups acknowledged being helped with the numerical solution, a topic they were less familiar with, even though those solutions often contained errors. Overall, all students' groups reported a lack of trust in the model, noting that its answers were inconsistent from an electronics standpoint. Some students used it mainly as a calculator, carefully verifying every step because they didn’t trust the output. Others mentioned discarding responses that seemed nonsensical. One group declared “the main problem comes from ChatGPT not knowing the correct parameters and use cases of the answers (for example, it ignored the diode voltage in the solution of the first question, which is applicable in some cases but not in others)”. Another commented “It stumbles when it comes to more difficult problems in terms of math or, in this case, circuits. That may also be partially our fault because of our lack of experience using it”.
[image: ]Figure 2: Answers in the questionnaire
Educational perspective: structuring of the Milieux
In our experiment, S-3 consisted of students forming pairs, reading the problems, attempting to determine the direction of currents in the circuit, writing the equations incorporating the variables provided. When they were allowed to use GPT, this level also included explaining the problem to the LLM and asking initial questions, or asking to solve the problem numerically. Asking questions seemed to be a natural mechanism for students; all of them, as soon as they were allowed to use GPT, asked for the complete solution to the problem, even if they had already found an equation (although in some cases incorrect). M-3 included ChatGPT interface, Kirchhoff’s laws, properties of mathematical systems, properties of circuits and diodes, numerical methods. S-2 encompassed students’ attempts to interpret and solve the equations, or for some, to solve the system using substitution or other conventional methods, by themselves or using the digital tools. M-2 corresponds to the interactions within the group and the responses provided by ChatGPT. Almost all groups made multiple attempts to obtain useful responses with GPT: while it was able to correctly model the problem, it struggled to provide a satisfactory numerical solution. In some cases, it failed to generate any response, while in others, it provided only a Python script without executing it, which many students found unhelpful. A common complaint was ChatGPT’s selection of an inadequate initial guess, which often led to unsatisfactory or incorrect results. S-1 included all aspects related to the students' devolution and the formulation of their ideas about the problem’s solution interacting with M-1. M-1 incorporated the actions and experiences from level -2, along with all the systems that supported their process, such as the calculator or the Python compiler, which they engaged with alongside ChatGPT for validation. These processes were not significantly enhanced using the LLM: they initially attempted to engage with ChatGPT, but they soon realized its limitations and abandoned its responses, relying more on their own reasoning. Finally, students' formalized responses in their report, along with the occasional intervention of the professor and assistant to address various issues and enabling the continuation of activities, constituting S0.
Conclusion
Our analysis of student interactions with ChatGPT reveals a dual reality: while the model demonstrates high responsiveness and generally sound problem-solving strategies, its practical implementation falls short due to mathematical inconsistencies and contextual oversights. Students appreciated ChatGPT’s ability to frame numerical approaches (e.g., Newton-Raphson methods) but encountered critical flaws, such as erroneous initial approximations, code-equation mismatches and inadequate convergence checks, that undermined their trust. These findings highlight ChatGPT’s potential as a supplementary aid in electronics education, particularly for unfamiliar topics like numerical methods, but emphasize the need for other validation systems. Future implementations should pair ChatGPT with structured validation mechanisms (e.g., guided error analysis or hybrid human-AI problem-solving phases) to transform its shortcomings into active learning opportunities while preserving educational integrity.
An important aspect that emerged from our analysis is the role of validation in the problem-solving process. Students attempted to use GPT as a validation tool but were aware of its unreliability, which led to a somewhat inconsistent use of its responses. These issues frequently caused frustration among students, as reflected in their reports and chat messages with statements such as: “It does not help at all with this problem” “You keep assuming that the diode voltage is 0.7 V, don’t do that”, "It is not logical, another solution, because the voltage of the diode ≥ 0.7V” and “GPT does not know how to solve the problem numerically [...] Vd = 0.2 ≤ 0.7, not logical”. This suggests that when planning such activities, instructors should consider this limitation and, if necessary, provide an alternative validation system to support students’ reasoning. Additionally, the adidactic part of the activity appeared weak, as the problems did not contain sub-tasks or objectives that could be directly achieved and validated through interaction with the available tools. As a result, such tools (GPT, calculators, python compilers) played a marginal role rather than serving as essential components of the learning process. Future implementations should better integrate these tools into the task design, ensuring that the interaction with them contributes more directly to achieving learning objectives and exploiting their potential effectively.
Our current dataset does not allow us to understand which students benefited most from the integration of ChatGPT, whether those with stronger mathematical backgrounds, greater digital literacy, or other individual factors. In any case, students’ struggle with ChatGPT’s mathematical inconsistencies underscores the importance of integrating AI as a "provocative tool" rather than an authority. In this pilot study we deliberately gave students freedom to explore ChatGPT without guidance, in order to observe their natural strategies; moving forward, the key question for instructors is how to frame and structure these interactions. For example, teachers might experiment different practices, such as scaffolding questions or staged checkpoints, to guide students in using LLMs effectively but still preserving opportunities for independent validation. Additionally, pairing ChatGPT with domain-specific software (e.g., for numerical simulations) might help balance creativity and rigor, while reducing frustration.  
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