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Abstract 

Based on an instrumental approach, this study explores how elementary pre-service teachers 

engage in instrumental genesis as they design artificial intelligence (AI) chatbots as teaching 

instruments for the “number and operations” domain. Eleven pre-service teachers participated in 

a prompt engineering lecture and developed chatbots. The findings revealed that the teachers 

assigned diverse instrumental functions to the AI chatbots, including supporting problem-solving, 

facilitating conceptual understanding, guiding problem-posing, and providing real-life 

application examples while actively incorporating scaffolding, bounded autonomy aligned with 

the curriculum, affective support, and gamification into their designs. Participants faced persistent 

issues in reconciling their instrumental intentions with the unpredictability and limitations of 

generative AI, particularly prompt interpretation and curriculum fidelity. These findings highlight 

the need for pre-service teacher education programs to offer reflective experiences with AI 

integration and foster adaptive design competencies, emphasizing the shift from technology 

adoption to empowering teachers as critical designers and mediators of AI instruments. 

Keywords: artificial intelligence chatbot, instrumental genesis, instrumentalization, 

instrumentation, elementary pre-service teacher 

 

INTRODUCTION 

Artificial intelligence (AI) is driving significant 
transformations in mathematics education by reshaping 
teaching practices and learning processes. To adapt to 
these changes, teachers must acquire knowledge and 
skills related to AI tools, which should be systematically 
addressed in pre-service teacher education programs 
(Davis, 2025; Gattupalli et al., 2023). AI has a profound 
impact on instructional design and student learning 
outcomes (Liu et al., 2024) and plays a pivotal role in 
shaping beliefs and practical competencies of pre-service 
teachers (Yang & Chen, 2023). Despite this potential, the 
integration of AI into classroom contexts remains 
limited, revealing a gap between the willingness of pre-
service teachers to use AI and their ability to implement 
it effectively. This discrepancy is often attributed to 
insufficient training and support provided by pre-
service teacher education programs (Guan et al., 2025; 
Liu et al., 2024). 

To address these challenges, pre-service teachers 
should be provided with opportunities to integrate AI 
into educational contexts, grounded in a comprehensive 
understanding of its concepts and technologies (Yang & 
Chen, 2023). Collaborating with AI in design instruction 
has emerged as a promising strategy for simultaneously 
enhancing beliefs about technology integration and 
developing practical competencies (Peura et al., 2021). 
Among the various AI applications, the potential of AI 
chatbots to contribute to pre-service teacher education 
has garnered significant interest, owing to their 
relatively rapid development through prompt 
engineering techniques (Papadakis et al., 2021). 
Specifically, these chatbots not only offer interactive and 
dynamic learning environments but also enable pre-
service teachers to experiment with AI-driven 
instructional strategies in a controlled setting before 
applying them in real classrooms. 

Nevertheless, as discussions surrounding AI 
technology in mathematics education have only recently 
gained traction, related research remains limited (Davis, 
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2025; Engelbrecht & Borba, 2024). While existing studies 
have highlighted the utility of AI chatbots in teacher 
education, they predominantly focus on scenarios where 
pre-service teachers guide chatbots to act as virtual 
students (e.g., Son et al., 2024). This approach relegates 
AI chatbots to function as assistant tools in pre-service 
teacher education and insufficiently addresses the 
exploration of pedagogical considerations in designing 
teacher-led AI-integrated instruction (Chiu et al., 2023). 
These limitations underscore the need for further 
research to examine how pre-service teachers can 
leverage AI as collaborative partners when designing 
innovative instructional practices tailored to specific 
educational contexts.  

To investigate these complex interactions, this study 
adopts an instrumental approach as its theoretical lens. 
This approach provides a framework for analyzing the 
process by which users purposefully design AI chatbots 
to achieve specific instructional objectives, while the 
chatbot simultaneously shapes the users’ thinking and 
practices (Drijvers et al., 2010; Trouche, 2004).  

Prior studies have employed an instrumental 
approach to examine pre-service elementary teachers’ 
use of geometry software (Ruiz-López, 2018), in-service 
teachers’ engagement with digital platforms (Tamborg, 
2021), and pre-service teachers’ utilization of generative 
AI (Davis, 2025). However, research examining how pre-
service teachers design AI chatbots for their own lessons 
remains limited. Therefore, this study investigates the 
process by which pre-service teachers design AI chatbots 
intended for implementation in authentic classrooms.  

Specifically, by using qualitative methods, it 
examines the instrumental functions assigned to AI 
chatbots by pre-service teachers, the instrumental design 
considerations they incorporate, and the 
instrumentation issues they encounter during the design 
process. This study aims to bridge existing research gaps 
by shifting the focus from viewing AI chatbots as passive 
instruments to conceptualizing them as active 
collaborators within a teacher-chatbot partnership 
framework. The significance of this study lies in its 
empirical illustration of the process by which pre-service 
teachers design AI chatbots, utilizing an instrumental 
approach. 

LITERATURE REVIEW 

AI Chatbots in Mathematics Education 

AI chatbots are AI-based applications that can infer 
the meaning of human language and respond 
appropriately using natural language processing 
technology (Reshmi & Balakrishnan, 2016). They are 
recognized as conversational agents that provide users 
with generally accurate information (Talha Junaid et al., 
2024). AI chatbots also offer immediate and personalized 
support to students, facilitating the learning process by 
providing prompt answers to questions. Interactive 
chatbot systems can motivate and engage students, 
thereby making learning more engaging and accessible. 
Consequently, AI chatbots have gained attention as 
virtual assistants that can support student teaching and 
learning while assisting teachers (Kuhail et al., 2023). 
Recent systematic reviews have highlighted the 
widespread integration of chatbots, particularly 
ChatGPT, across diverse educational contexts 
worldwide, demonstrating their potential to positively 
influence both cognitive aspects and affective 
dimensions (e.g., Nguyen & Pham, 2025). 

The design of educational chatbots incorporates 
various principles that Kuhail et al. (2023) categorized as 
personalized learning, experiential learning, 
collaborative learning, learning by teaching, scaffolding, 
affective support, and social dialogue. Personalized 
learning refers to the principle of providing tailored 
learning paths or feedback based on individual students’ 
learning styles and performance levels. Experiential 
learning enhances learning through reflection on 
students’ experiences. Collaborative learning involves 
encouraging interaction among students to complete 
tasks or solve problems. Learning by teaching occurs 
when students offer offering examples and feedback to 
chatbots. Scaffolding provides temporary structures or 
support to help students successfully complete tasks 
(Winkler et al., 2020). Affective support focuses on 
offering emotional feedback to enhance student 
motivation for learning. Finally, social dialogue involves 
engaging in nonacademic conversations, such as 
discussing the weather or sharing preferences, to build a 
relationship between the chatbot and the student. These 
seven design principles offer guidelines for 
meaningfully implementing educational chatbots. 

Contribution to the literature 

• This study makes a significant contribution to pre-service teacher education by addressing the noticeable 
gap in research on pre-service teachers’ direct experience designing AI chatbots.  

• This study extends instrumental approach by providing empirical cases of instrumentalization and 
instrumentation observed during pre-service teachers’ design of AI chatbot-integrated lessons. 

• This study offers practical insights into fostering design competencies in pre-service teacher education 
through AI-integrated lessons. 
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The use of AI chatbots in mathematics education has 
advanced in recent years (Engelbrecht & Borba, 2024; 
Kuhail et al., 2023), and extant research has 
demonstrated their mathematical effectiveness and 
value. Chatbots have been shown to have significant 
effects not only on cognitive aspects such as problem-
solving (Kabiljagić et al., 2022; Matsuda et al., 2013; 
Nguyen et al., 2019), conceptual understanding (Faqih et 
al., 2022; Melo et al., 2020), and mathematical thinking 
(Song et al., 2025) but also on affective aspects such as 
learning motivation (Laksana & Fiangga, 2022). For 
example, the chatbot discussed by Matsuda et al. (2013) 
facilitated learning by presenting equations and 
prompting students at each step required to solve them, 
whereas Nguyen et al. (2019) developed an interactive 
intelligent tutoring chatbot for mathematics learning 
that acted as an agent, providing step-by-step guidance 
to support problem-solving. More recently, generative 
AI has been recognized as an innovative tool for 
mathematics teaching and learning, capable of 
generating diverse responses, assisting in lesson 
planning, and providing personalized feedback 
(Almarashdi et al., 2024; Wardat et al., 2023). Therefore, 
chatbots can serve as agents to achieve various objectives 
in mathematics teaching and learning. However, it is 
essential to examine how teachers who implement 
chatbots in their lesson designs evaluate their 
advantages and limitations (Engelbrecht & Borba, 2024). 

AI chatbots have thus garnered attention as tools for 
enhancing instructional competencies of pre-service 
teachers in mathematics education. Son et al. (2024) 
proposed a dual-agent chatbot structure that allowed 
pre-service teachers to interact with virtual students 
while simultaneously receiving feedback from a virtual 
mentor, thereby improving their responsive teaching 
skills. Lee and Yeo (2022) demonstrated that AI-based 
chatbots offering open-ended interactions enabled pre-
service teachers to evaluate teaching scenarios critically 
and formulate independent responses, thereby 
enhancing their reflective thinking and creativity. Lee et 
al. (2025) demonstrated that technology-based 
educational simulations using chatbots enabled pre-
service teachers to practice teaching skills without the 
presence of students, leading to significant 
improvements in questioning techniques. Cooper (2023) 
emphasized that effective use of AI-based chatbots 
depends on educators’ critical thinking and ethical 
considerations, highlighting the importance of teacher 
education in preparing educators to integrate AI tools 
responsibly. 

However, existing studies have focused primarily on 
the limited use of AI chatbots in roles such as virtual 
students or mentors, with insufficient attention being 
paid to analyzing the process by which pre-service 
teachers design the chatbots themselves. As noted by 
Holmes et al. (2019), AI technologies can perform diverse 
roles, and chatbots have the potential to support teachers 

and students in various ways. Analyzing the chatbot 
design process can provide a deeper understanding of 
their thought processes and educational intentions. This 
approach distinguishes itself from prior research by 
emphasizing autonomous chatbot design experiences 
that reflect the needs of educational stakeholders rather 
than merely focusing on technological usage. Such 
experiences can enhance teachers’ creative instructional 
competencies. 

Instrumental Approach 

With the rapid evolution of educational settings, the 
current resources that teachers draw upon range from 
traditional texts to diverse digital resources. The 
instrumental approach, grounded in Rabardel’s (1995) 
theory of instrumented activity, has gained prominence 
alongside the proliferation of digital resources. For an 
artifact such as a computer or calculator to support 
mathematics learning, it must be transformed into an 
instrument through the subject’s agency (Trouche, 2004). 

The gradual transformation of an artifact into an 
instrument, under the influence of the subject and 
instrumented action schemes, is known as instrumental 
genesis. Instrumental genesis comprises two interrelated 
processes that occur between the subject and the artifact. 
The first, instrumentalization, proceeds from the subject 
to the artifact: the subject selects and adapts the artifact 
to meet personal needs and draw on prior knowledge. 
This process is rooted in the artifact’s intrinsic 
characteristics and can lead to functions that diverge 
from the designer’s original intentions. The second, 
instrumentation, flows from the artifact to the subject: 
the artifact’s affordances and constraints shape the 
individual’s thinking and actions (Gueudet et al., 2021; 
Trouche, 2004). The instrumental approach has evolved 
over time to encompass various dimensions of 
technology integration in mathematics education, 
emphasizing both how users shape tools and how tools 
shape users (Sinclair et al., 2022). 

The instrumental approach highlights two 
intertwined dimensions:  

(a) shaping a tool in accordance with specific 
educational goals (instrumentalization) and  

(b) understanding how the tool, in turn, shapes 
thinking and practice (instrumentation).  

Several studies have examined how teachers 
instrumentalize and are instrumented by digital artifacts 
in mathematics education. Ruiz-López (2018) analyzed 
pre-service teachers’ construction tasks in GeoGebra and 
found that they focused primarily on pragmatic, 
problem-solving functions while underutilizing 
epistemic functions that promote conceptual 
understanding. Tamborg (2021) showed that in-service 
teachers experienced interface-related constraints when 
using digital platforms, partially fulfilling designers’ 
intentions while encountering difficulties, suggesting 
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that design must be continuously adjusted during use. 
Recently, Davis (2025) reported that pre-service teachers 
who planned lessons with ChatGPT lacked a repertoire 
of techniques—that is, the observable actions and 
prompts users employ when interacting with large 
language models— for using generative AI to develop 
instructional materials. Collectively, these studies shed 
light on how teachers instrumentalize digital artifacts 
and how those, in turn, instrument teachers. However, 
they do not address how teachers design new AI 
instruments for instructional purposes. Little is known 
about the functions that pre-service teachers assign to AI 
chatbots, the instrumental design considerations they 
embed during design, and how the tool itself reshapes 
teachers’ thinking and practice. 

To address this gap, this study examines 
instrumentalization and instrumentation in the context 
of pre-service teachers’ chatbot design processes. 
Specifically, it investigates the instrumental functions 
that elementary pre-service teachers assign to AI 
chatbots and the design considerations they incorporate 
during development. This research also explores 
technical and educational constraints that shape and 
limit their thinking and activity during chatbot design, 
thereby constituting the instrumentation issues they 
encounter. To guide this investigation, the following 
research questions are proposed: 

1. What instrumental functions do pre-service 
teachers assign to AI chatbots in classroom 
instruction? 

2. What instrumental design considerations do pre-
service teachers consider when designing AI 
chatbots? 

3. What instrumentation issues do pre-service 
teachers encounter during the AI chatbot design 
process? 

METHOD 

Study Design 

Case studies are an effective approach for exploring 
specific situations or phenomena to derive insights and 
understand key issues (Merriam & Tisdell, 2015). This 
study adopted a case study methodology to investigate 
the considerations and issues faced by pre-service 
elementary teachers during the chatbot design process. 

This study was conducted with 11 pre-service 
elementary teachers (nine female and two male) enrolled 
in an advanced mathematics education course at a 
national university of education in South Korea in 2024. 
The course aimed to equip participants with 
fundamental knowledge and skills needed to integrate 
technological tools into mathematics education and 
develop their teaching competencies using these tools. 
The pre-service teachers had prior knowledge of 
mathematics education theories and the national 

curriculum through other courses, as well as five weeks 
of field-teaching practice experience. A typical yet 
convenient sample was selected (Merriam & Tisdell, 
2015). 

In the course, a four-week project on AI chatbots was 
conducted. During the first week, a lecture on generative 
AI for elementary mathematics instruction was 
presented. The lecture covered the concepts of 
generative AI, prompt engineering techniques (zero-
shot, few-shot, chain-of-thought (CoT), and structured 
prompt (Oh, 2023; Sahoo et al., 2024), and differences in 
output results based on various prompt engineering 
techniques for solving mathematical problems. It also 
introduced prior research on prompt engineering, the 
performance of generative AI in solving problems, and 
its application in posing and evaluating problems. Pre-
service teachers participated in a hands-on session to 
design chatbots using Wrtn (Wrtn Technologies, 2024; 
https://wrtn.ai/), a free generative AI platform 
developed in South Korea. Wrtn provides templates 
tailored to the domestic educational context and offers a 
user-friendly interface for beginners to design chatbots, 
quizzes, and other tools. Unlike other generative AI 
platforms (e.g., ChatGPT and Gemini), Wrtn can be used 
by elementary school students with parental consent. 
Therefore, Wrtn was selected in this study as the 
platform for pre-service teachers to design chatbots. 

Wrtn’s chatbot design process consists of four steps. 
In the first step, users input basic information such as 
chatbot descriptions and category selection. In the 
second step, users configure the chatbot’s initial message 
and example questions. The third step involved 
composing prompts. While Wrtn allowed developers to 
choose whether to use template-based prompts 
depending on their expertise level, the participants in 
this study, as beginners, were instructed to use the 
template format. The template was divided into sections 
for role, personality, information, and requirements, 
with a maximum input limit of 2,000 tokens (see Figure 

1). The fourth step involved testing conversations with 
the AI chatbot. Wrtn supports GPT-3.5, GPT-4, and GPT-
3.5-16K models; for this study, GPT-4 was used for all 
interactions. 

After the first week, participants (PST1-PST11) 
designed their chatbots individually. During weeks 2 
and 3, they conducted simulated lessons using chatbots 
and exchanged feedback with one another. In the fourth 
week, they revised their chatbots based on the feedback 
they received. 

This study focused on an in-depth discussion of the 
considerations of and issues faced by pre-service 
elementary teachers during chatbot design by limiting 
the content area to “number and operations” for grade 5 
and grade 6. Compared with lower grade levels, these 
grades require less basic guidance for utilizing chatbots.  

https://wrtn.ai/
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Additionally, as ChatGPT’s performance can 
significantly decline when solving problems involving 
extended basic algebraic calculations (Schorcht et al., 
2024), limiting the content area to “number and 
operations” was intended to allow participants to 
engage in prompt engineering without concerns about 
the performance of the generative AI. 

Data Collection and Analysis 

Participants were assigned an AI chatbot design task. 
They submitted the chatbot design assignment twice, 
after week 1 and after week 4. As the purpose of this 
study was to explore what pre-service teachers expect 
from chatbots and the challenges they encounter during 
the design process, the analysis focused on their initial 
chatbot design. The assignment consisted of three parts: 
a written lesson plan, chatbot prompts, and a reflective 
report on the chatbot design. 

First, participants were asked to create a written 
lesson plan based on curriculum materials. The template 
included sections on the topic, achievement standards, 
learning goals, guidelines for teaching and learning, 
required materials, and three instructional phases 
(launch, investigate, and summarize) (Van de Walle et 
al., 2016). 

Second, the participants were required to write a 
chatbot introduction, initial message, example 
questions, and prompts (role, personality, information, 
and requirements). All prompts and chatbot URLs were 
collected to verify how the chatbots were implemented. 

Third, the participants were asked to write a 
reflective report on the chatbot design. This component 
was intended to encourage critical reflection on 
participants’ experiences and decision-making during 
the chatbot development process. Responses to a set of 
structured questions, grounded in the theory of 
instrumental genesis, offering insights into the pre-
service teachers’ instrumentalization and 
instrumentation schemes (Davis, 2025; Tamborg, 2021). 
The former concerns how users shape the artifact, 
whereas the latter concerns how the artifact shapes the 
users. Regarding the first and second research questions, 
the participants were asked to describe their intentions 
to use the chatbot in this activity, the goals of the activity, 
their anticipated student responses, and explanations of 
their prompts. For the third research question, 
participants were asked to identify the limitations of 
their chatbots and the aspects of their designs that 
deviated from their intentions because of their technical 
skills.  

The author analyzed 11 chatbots, focusing on the 
second and third parts of the assignment: chatbot 
prompts and reflective reports on the chatbot design. 
The analysis followed the guidelines for thematic 
analysis (Braun & Clarke, 2006). First, to become familiar 
with the data, the author read and reread the pre-service 
teachers’ responses, examining them carefully to gain a 
deeper understanding of their content and context. Next, 
the author segmented the responses to the reflective 
report questions into identifiable units, such as key 
phrases or sentences related to the instrumental 
functions assigned to the chatbot, instrumental design 
considerations, and instrumentation issues, and then 
began the analysis. At this stage, coding categories 
relevant to the research questions were developed. As 
prior studies (e.g., Kuhail et al., 2023; Wardat et al., 2023) 
did not explicitly focus on AI chatbot design in 
mathematics education, their findings were considered 
difficult to apply directly. Therefore, the author 
inductively coded the responses of the pre-service 
teachers. For example, “If there is a chatbot, these 
students can ask it about difficulties they encounter 
while posing and solving problems under given 
conditions” (PST3) was coded under the chatbot’s 
function as instrument for problem-posing.  

 
Figure 1. Prompt creation step in Wrtn (translated into 
English) (Source: Author’s own elaboration) 
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Similarly, “The chatbot should only play a 
supporting role. (…) It should not provide entire 
solutions but show only what students need” (PST10) 
was coded under instrumental design considerations as 
scaffolding, emphasizing how chatbots are designed to 
guide students incrementally toward better 
understanding. During this process, the prompts were 
examined alongside the reflective reports to determine 
how instrumental design considerations were 
concretized in the prompts and what aspects of prompt 
composing or AI chatbot responses the pre-service 
teachers perceived as challenging. To enhance reliability 
of the qualitative analysis, an external expert 
specializing in AI applications in mathematics education 
independently coded the dataset for validation coding 
after the author completed the primary coding. The 
author’s coding and the expert’s validation coding were 
then compared in several meetings. Inter-coder 
agreement was 92%, and any discrepancies were 
resolved through discussion to reach consensus. 

RESULTS 

Instrumental Functions  

The data analysis revealed that participants 
instrumentalized AI chatbots as mathematical 
instruments that performed four instrumental functions 
(problem-solving, problem-posing, conceptual 
understanding, and application). Table 1 summarizes 
these instrumental functions and the PST codes 
assigning each function. PST5 and PST7 designed 
compound instruments that supported both problem-
solving and conceptual understanding, whereas PST4 
combined problem-solving with application.  

Pre-service teachers who instrumentalized the 
chatbot for problem-solving designed it to provide 
explanations and adaptive assistance based on students’ 
questions during the solution process. Their 
instrumental goal was to help students develop 
procedural skills and progress toward procedural 
fluency through instrumental interactions with the 
chatbot. 

For example, PST10 designed a chatbot to be a 
problem-solving instrument for “mixed operations with 
natural numbers.” Students first solved a word problem 
independently and then used the instrument to verify 
their procedures. The chatbot subsequently provided a 
slightly more challenging problem of the same type, 
promoting additional practice and application through 

instrumental mediation. PST10’s instrumental design 
intention was as follows: 

PST10: Using the chatbot as an instrument allows 
students to verify whether their solution and 
answer are correct. Additionally, as students may 
encounter different difficulties during the 
problem-solving process, the chatbot provides 
personalized instrumental support. 

PST5 and PST7 designed compound instruments that 
integrated problem-solving with conceptual 
understanding related to factors and multiples. Both 
participants designed their chatbots to function as 
though the chatbot was a learner, prompting them to 
explain the concepts of divisors and the greatest 
common divisors (GCD). PST5 explained that the 
instrumental intention was to design the chatbot to 
engage in a question-and-answer interaction with 
students, thus helping them structure the knowledge 
they had learned and address any gaps in their 
understanding through instrumental mediation: 

PST5: The activity should proceed in such a way 
that the student explains the concept they have 
learned to the chatbot and the chatbot “learns” the 
concept. I set the chatbot to learn mathematics 
alongside the student. 

PST3 and PST6 designed chatbots to support 
problem-posing. They noted that many students 
struggled to create problems and that it was physically 
challenging for a single teacher to provide individual 
guidance to all students. Therefore, they designed the 
instrumental system in such a way that the chatbot acts 
like a human teacher, identifies students’ difficulties, 
and provides immediate feedback. PST3 elaborated on 
her instrumental design intentions as follows: 

PST3: Many students face difficulties when posing 
problems, but it is physically impossible for one 
teacher to assist every student. (…) However, with 
a chatbot functioning as an instrument, even these 
students can ask the chatbot about the difficulties 
they encounter while posing and solving 
problems under given conditions. 

PST4 and PST9 designed chatbots to help students 
understand how mathematical knowledge can be 
applied in real-life contexts. Both participants 
specifically intended to utilize these instruments in 
lessons on “rounding rules.” The teachers noted that 

Table 1. Instrumental functions of AI chatbots 

Instrumental functions Participants 

Instrument for problem-solving PST1, PST2, PST4, PST5, PST7, PST8, PST10, PST11 
Instrument for problem-posing PST3, PST6 
Instrument for conceptual understanding PST5, PST7 
Instrument for application PST4, PST9 
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students often find it challenging to identify real-life 
examples in which rounding rules are applied. 
Therefore, they designed a chatbot to answer students’ 
questions by providing relevant examples or verifying 
whether students’ examples were accurate through 
instrumental mediation. PST9’s instrumental design 
intention was as follows: 

PST9: I decided to use a chatbot because I found 
that students struggle to independently recall 
instances where rounding up, rounding down, or 
rounding off is used in real-life contexts. 

Instrumental Design Considerations  

During the chatbot design phase, participants 
identified four instrumental design considerations—
scaffolding, affective support, bounded autonomy for 
teaching, and gamification—when drafting their 
prompts. To incorporate these considerations into the 
emerging instrument, they drew on prompt engineering 
techniques such as one-shot, few-shot, CoT, and 
structured prompt formats (see Table 2).  

All participants devoted significant effort to 
designing their chatbots to provide scaffolding. In other 
words, they intended the chatbot to be an instrument 
that delivers tailored instructions and feedback based on 
students’ questions. Specifically, they were cautious to 
ensure that the AI chatbot would not immediately 
provide complete solutions to problems or fully explain 
concepts, without allowing students time to think. 
Instead, they designed the instrumental interaction to 
offer incremental hints to facilitate students’ cognitive 
development and gradually reduce support as their 
skills improved. 

Two instrumentalization approaches regarding how 
the participants designed their AI chatbots for 
scaffolding were identified. The first approach involved 
setting criteria for assessing the level of student 
responses and then providing example responses based 
on those levels. The second approach involved 
anticipating questions that students at various levels 
might ask and providing examples of how the chatbot 
should respond to these questions. Representative 
examples of each approach are presented below. 

PST5 (following the first approach) designed her 
chatbot to engage in question-and-answer interactions 
with students about divisors and GCD to support 
conceptual understanding. She embedded instrumental 
schemes in the chatbot’s reasoning process using five 

criteria to ensure that it provided feedback appropriate 
to the students’ level.  

As shown in Figure 2, she input examples of 
responses for three levels by analyzing whether students 
used mathematical terminology correctly and whether 
their explanations were logically structured. In addition, 
when errors were detected in a student’s response, the 
chatbot was programmed to ask follow-up questions to 
guide the students in understanding the concept. To 
facilitate this process, she used a one-shot prompt to help 
the chatbot interpret her design intentions. The 
instrumental design considerations shared by PST5 and 
the corresponding instrumentalization implementation 
in the prompt are as follows: 

PST5: I established five criteria for assessing the 
level of students’ responses by analyzing their 
mathematical expressions rather than simply 
evaluating correctness. The five criteria include 
explanation analysis, question elicitation, 
feedback, problem-solving, and connectivity. In 
the explanation analysis, the focus is primarily on 
determining whether students use appropriate 
mathematical terminology in their explanations 
and whether their reasoning demonstrates logical 
consistency and coherence. 

PST3 (following the second approach) designed a 
chatbot to assist with problem-posing. The prompt was 
structured into the following components: <Context>, 
<Given Conditions>, <Possible Problems>, 
<Examples>, <Solutions>, <Instructions>, and <Output 
Rules>. PST3 composed a structured prompt that 
embedded instrumental schemes by instructing the 
chatbot to consider <Context> and refer to <Given 
Conditions>, <Possible Problems>, <Examples>, and 
<Solutions> before responding according to the 
<Instructions>. Figure 3 illustrates a part of the content 
included in the <Instructions>. PST3 also designed the 
instrumental mediation to guide students in posing 
problems that met specified conditions. She inserted 
four anticipated student questions (#1-#4) and 
instrumented reply to templates for each. For instance, 
#1 was designed for when a student says, “It’s hard to 
select school supplies that meet the conditions,” while #4 
was for when a student says, “It’s difficult to pose a new 
problem that satisfies the conditions.” PST3 emphasized 
that examples of problems should be provided only in 
response to such questions and explicitly instructed the 
chatbot not to offer examples beforehand. The 
instrumental design considerations shared by PST3ofnd 

Table 2. Instrumental design considerations of AI chatbots 

Instrumental design considerations Participants 

Scaffolding All 
Affective support PST1, PST2, PST4, PST5, PST6, PST7, PST9, PST10, PST11 
Bounded autonomy for teaching PST1, PST2, PST4, PST5, PST6, PST7, PST8, PST10, PST11 
Gamification PST1, PST2, PST8 
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the corresponding instrumentalization implementation 
in the prompt are as follows: 

PST3: I wrote the prompt with the intention that 
the chatbot would respond thoughtfully, taking 
everything into account. In the <Instructions> 

section of the prompt, I aimed to carefully control 
the chatbot’s dialogue. 

Ten participants (excluding PST8) emphasized the 
importance of providing affective support when 
interacting with elementary students. PST6 embedded 

 
Figure 2. Excerpt from PST5’s prompts (translated into English) (Source: Author’s own elaboration) 

 
Figure 3. Excerpt from PST3’s prompts (translated into English) (Source: Author’s own elaboration) 
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instrumental schemes to ensure that the chatbot used a 
friendly and polite tone and provided emotional support 
to the students to enhance their motivation to learn (see 
Figure 4). 

Ten participants (excluding PST10) emphasized that 
the chatbot should use the terminology outlined in the 
elementary school curriculum and avoid responding 
with symbols or terms beyond the elementary level. 
South Korea’s education system has historically been 
highly centralized and guided by the national 
curriculum system; teachers are known to respect its 
authority and incorporate it into their lessons. Similarly, 
participants considered adherence to the curriculum 
when designing their AI chatbots as instruments. 
Because their instrumentalization was constrained by 
organizational requirements to adhere to the 
curriculum, they input content from curriculum 
documents into prompts such that the chatbot followed 
these guidelines and explained mathematical concepts 
and symbols within the scope of the elementary 
curriculum. A representative example was provided by 
PST4. 

PST4 designed a chatbot to provide feedback when 
students estimated and inquired about quantities that 
they might encounter in real-life situations. She 
embedded achievement standards and symbol 

guidelines (see Figure 5) and instructed the chatbot to 
avoid terms outside the elementary curriculum. She also 
highlighted limiting decimal places to those allowed in 
the curriculum, followed by rounding rules at 
elementary level. 

PST4: I made an effort to ensure that terms or 
concepts beyond the scope of the elementary 
school curriculum were not mentioned. (…) I 
provided both the achievement standards and 
their corresponding guidelines, so that they could 
be referenced (#5). Since integers are taught at 
middle school level, (…) I explicitly instructed it 
to use “number” instead of “integer” (#6). 

Three participants (PST1, PST2, and PST8) 
incorporated gamification into their instrumentalization 
process to make the interactions more engaging and 
enjoyable for the students. All three chatbots were 
designed to assist students in problem-solving. PST1 
created a number-guessing game through instrumental 
design, whereas PST2 and PST8 set target scores or 
problem levels for students to achieve, revealing secret 
codes upon completing all levels. For example, PST8 
provided a narrative where students had to find a 
“number island” by uncovering a secret code (see Figure 

6). This storyline encouraged the students to immerse 

 
Figure 4. Excerpt from PST6’s prompts (translated into English) (Source: Author’s own elaboration) 

 
Figure 5. Excerpt from PST4’s prompts (translated into English) (Source: Author’s own elaboration) 
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themselves in the activity, solve repeated multiplication 
problems involving decimals at each level, and challenge 
themselves until the end. The instrumental design 
considerations shared by PST8 and the corresponding 
instrumentalization implementation in the prompt are 
as follows: 

PST8: I structured the activity to feel like a game 
by incorporating a story and rewards. The 
narrative of finding a number island provided a 
sense of immersion, and collecting letters for the 
secret code to complete the final message gave 
students a sense of accomplishment. 

Instrumentation Issues  

Drawing on their AI chatbot design experiences, the 
pre-service teachers reported two broad categories of 
instrumentation difficulties: misalignment between 
intended instrumentalization and actual chatbot output, 
and unpredictable responses to unprompted queries. 
Typical examples of such misalignments included the 
chatbot generating problems with limited diversity, 
employing terminology beyond the curriculum, and 
providing complete solutions rather than instrumental 
scaffolding (see Table 3). 

Three participants (PST1, PST7, and PST11) identified 
the limited diversity of problems as a significant 
instrumentation limitation. For instance, PST7 hoped the 

chatbot would help learners solve a variety of real-life 
problems involving multiples and common multiples. 
Although she instructed the chatbot to generate context-
rich examples only upon request, it repeatedly returned 
the same scenarios—”event schedules,” “transportation 
timetables,” and so forth—thereby limiting students’ 
exposure to diverse problem types (see Figure 7). The 
instrumentation issue reported by PST7, along with their 
prompts and outputs, is as follows: 

PST7: It was disappointing that similar questions 
elicited common answers. When students asked 
for real-life problem examples, they received 
identical responses. 

Five participants (PST4, PST5, PST6, PST8, and PST9) 
encountered instrumentation issues when the chatbot 
used terminology and explanations beyond the 
elementary school curriculum. PST9 specifically 
prompted her chatbot to adhere to the elementary 
curriculum, instructing it to avoid the term “integer.” 
However, during instrumental testing, the chatbot 
contradicted these embedded constraints by explaining 
that candies must be purchased in “integer” quantities 
(see Figure 8). She expressed dissatisfaction with the 
output: 

PST9: The chatbot used the term “integer,” which 
is not taught in elementary school. Even though I 

 
Figure 6. Excerpt from PST8’s prompts (translated into English) (Source: Author’s own elaboration) 

Table 3. Instrumentation issues reported by pre-service teachers 

Instrumentation issues Representative examples Participants 

Limited problem 
diversity 

Chatbot only generated problems from the small set of examples provided, 
failing to create varied tasks 

PST1, PST7, PST11 

Curriculum non-
compliance 

Chatbot used terminology beyond the elementary curriculum (e.g., 
“integer”) despite explicit instructions 

PST4, PST5, PST6, 
PST8, PST9 

Limited scaffolding Chatbot ignored prompts to give partial hints or intentional errors and 
instead supplied full, correct solutions 

PST2, PST4, PST5, 
PST6, PST9 

Unpredictable out-of-
scope responses 

Chatbot produced answers that diverged from teacher intent when 
confronted with questions not covered in the prompt 

PST3, PST10 
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explicitly stated in the prompt that this term 
should not be used, it still appeared in the 
response. 

Five participants (PST2, PST4, PST5, PST6, and PST9) 
described instrumentation issues: the chatbot ignored 
instructions to give partial or intentionally incorrect 
answers. PST2 designed a game-based chatbot to 
provide incorrect solutions 50% of the time, preventing 
student disengagement. However, the chatbot 
consistently delivered correct answers, indicating 
resistance to instrumentalization due to Wrtn’s prompt 
capacity constraints and instrumental design 
complexities. 

Similarly, PST5 embedded instrumental schemes 
requiring hint-based rather than solution-based 
responses when students’ GCD explanations were 
insufficient (see Figure 9). However, she identified a 
limitation in that the chatbot was unable to fully 
understand the prompt instruction to not provide 
answers but instead scaffold instrumental support. 
Consequently, the chatbot solved the entire problem, as 
illustrated in Figure 9. 

PST5: The chatbot did not adequately recognize 
the instruction to explain the student’s errors 
without providing answers but offer hints instead. 

Two participants (PST3 and PST10) noted 
instrumentation issues stemming from the chatbot’s 

unpredictable responses when confronted with 
questions outside the prompt scope. PST3 used 
<Context> prompting to instrumentalize the chatbot for 
problem-posing assistance yet encountered unexpected 
responses that often drove the dialogue away from her 
instructional goals. 

PST3: For situations not included in the prompts, 
the chatbot tended to respond in ways that 
differed from my intentions. Therefore, I felt that 
no matter how carefully the prompt was 
composed, if users provided unexpected 
responses, the conversation was likely to take a 
different direction. 

These findings highlight the complex instrumental 
genesis process in which instrumentalization strategies 
encounter systemic instrumental constraints, revealing 
tensions between teachers’ instrumental intentions and 
the inherent limitations of the chatbot artifact during 
transformation into a mathematical instrument. 

DISCUSSION 

Instrumental Functions 

Our analysis revealed that pre-service teachers 
instrumentalized AI chatbots to perform four distinct 
instrumental functions: problem-solving, conceptual 
understanding, problem-posing, and real-life 
application. This finding extends Wardat et al.’s (2023) 

 
Figure 7. Excerpt from PST7’s prompts and outputs (translated into English) (Source: Author’s own elaboration) 

 
Figure 8. Excerpt from PST9’s prompts and outputs (translated into English) (Source: Author’s own elaboration) 
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observation that dialogue-based AI can serve multiple 
pedagogical roles by demonstrating how teachers 
actively construct these roles through deliberate 
instrumentalization rather than accepting pre-
configured capabilities. 

The predominant emphasis on problem-solving 
within the “number and operations” domain echoes the 
pragmatic bias documented in Ruiz-López’s (2018) 
study, wherein pre-service teachers similarly prioritized 
procedural support over epistemic exploration. 
However, as conversational agents, chatbots are 
inherently limited in their ability to provide interactive 
environments for the manipulation of various 
mathematical objects. Consequently, their use appears to 
have focused primarily on problem-solving instructions 
rather than exploratory or manipulative tasks.  

Meanwhile, the approach taken by PST5 and PST7, 
wherein the chatbot was framed as a “learner,” is 
noteworthy. By positioning students as teachers who 
explain divisors and multiples to a “novice” chatbot, the 
participants achieved a more sophisticated 
instrumentation that prompted knowledge 
restructuring rather than mere answer verification. This 
learning-by-teaching function demonstrates how 
instrumental genesis can transcend traditional 
procedural boundaries when teachers deliberately 
design for epistemic mediation. 

These findings underscore the importance of 
instrumentalizing AI chatbots as an educational 
instrument within pre-service teacher education 
programs focused on mathematics teaching and 
learning. Through engaging in instrumentalization 
practices that explore chatbots’ diverse instrumental 
functions in teaching and learning contexts, pre-service 
teachers can concretize and internalize strategies for 
utilizing AI in student-centered instruction. According 
to Guan et al. (2025), although pre-service teachers 
generally exhibit positive attitudes toward AI 

integration, they continue to face challenges in designing 
and implementing lessons that effectively combine 
pedagogical approaches with AI tools. Furthermore, 
given the transformative potential of AI technologies to 
redefine teacher-student interactions, it is essential for 
pre-service teacher education programs to provide 
concrete examples and hands-on practice opportunities. 
Such experiences can help future teachers navigate the 
complexities of instrumental genesis, ensuring effective 
and contextually appropriate integration of AI chatbots 
as mathematical instruments in educational settings.  

Instrumental Design Considerations 

This study demonstrates that pre-service teachers 
actively instrumentalized chatbots by embedding four 
instrumental design considerations—scaffolding, 
bounded autonomy, affective support, and 
gamification—into prompt scripts. While perception-
oriented studies (Gattupalli et al., 2023; Sanusi et al., 
2024) have reported only teachers’ “preferred” step-by-
step explanations, this study provides empirical 
evidence of how pre-service teachers concretely 
instrumentalize AI chatbots. This extends Davis’ (2025) 
research on secondary pre-service teachers’ use of 
generative AI in lesson planning by providing insights 
into how AI chatbots can be utilized in elementary 
mathematics instruction. 

Notably, despite the inherent inaccuracies of 
generative AI (Wardat et al., 2023), the pre-service 
teachers instrumentalized scaffolding as a central 
instrumental design. Unlike Gattupalli et al. (2023), who 
primarily highlighted pre-service teachers’ perceptions 
of generative AI’s ability to deliver step-by-step 
explanations, this study revealed how scaffolding was 
operationalized as a deliberate instrumentalization 
strategy: participants embedded graded hint-giving 
instrumented schemes that balanced incremental 
guidance with opportunities for autonomous cognitive 

 
Figure 9. Excerpt from PST5’s prompts and outputs (translated into English) (Source: Author’s own elaboration) 
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leaps. Instead of merely asking the chatbot to display full 
solutions, they scripted prompts that steered students 
through a sequence of instrumented actions, establishing 
response-prediction criteria and fine-grained steps that 
simulated classroom praxeology.  

Many pre-service teachers also considered bounded 
autonomy by aligning their chatbot designs with 
national curriculum documents and elementary-level 
concepts and symbols. This reflects an awareness of the 
need for teachers in a centralized education system to 
balance “pedagogical freedom” with “curriculum 
compliance.” In practice, some participants directly 
input achievement standards and guidelines into their 
chatbot prompts to ensure that the generated responses 
adhered strictly to these boundaries. As noted by So et 
al. (2024), while teacher autonomy has been gradually 
expanding because of national curriculum reforms, this 
study reaffirms that pre-service teachers tend to adhere 
strictly to grade-specific curricular boundaries, 
highlighting their cautious approach to balancing 
innovation with compliance. 

The teachers also integrated affective mediation and 
gamification as complementary instrumental design 
considerations, aligning with Talha Junaid et al. (2024), 
who argue that technology alone cannot satisfy learners’ 
socio-emotional needs. Empathetic tone directives and 
game narratives were scripted to widen the instrument’s 
mediation from purely pragmatic to motivational and 
relational functions. 

In summary, the pre-service teachers’ instrumental 
genesis drew on four key considerations that 
demonstrated a shift from routine tool adoption toward 
transformative instrumental competences. However, 
this study did not evaluate the learning effectiveness of 
the chatbots developed by participants, nor did it 
examine the long-term impact of prompt engineering 
training, leaving these crucial areas for future research. 

Instrumentation Issues 

Despite deliberate instrumentalization, four 
persistent instrumentation issues emerged: limited 
problem diversity, curriculum non-compliance, limited 
scaffolding, and unpredictable out-of-scope responses. 
These issues reveal the complex instrumental constraints 
inherent in AI-mediated teaching. Notably, even with 
the automation and high-quality response generation 
characteristics of AI chatbots, achieving alignment 
between instrumental intention and performance 
remains challenging. This problem is particularly 
pronounced because reasoning about students’ 
knowledge and behaviors inherently involves 
uncertainty (Van Vaerenbergh & Pérez-Suay, 2022), and 
participants faced a persistent dilemma between their 
pedagogical instrumentalization goals and the 
unpredictability of chatbots operating on the basis of 
probabilistic reasoning. Taken together, these 

instrumentation issues not only mirror the “command” 
and “organizational” constraints identified in the 
instrumental-approach literature (Rabardel, 1995; 
Trouche, 2005) but also extend them to the realm of 
probabilistic language models, whose runtime inference 
magnifies uncertainty, in turn, accentuates these very 
constraints. 

These alignment challenges became particularly 
evident in specific situations wherein pre-service 
teachers aimed to explore student errors or provide step-
by-step hints, as the chatbot produced complete answers 
or used terminology beyond the scope of the curriculum. 
These findings reaffirm Stefanova and Georgiev’s (2024) 
assertion that the effective use of AI in mathematics 
education requires both curriculum-based oversight and 
innovative instrumentalization strategies. Further, 
instances in which pre-service teachers intentionally 
attempted to induce errors in the chatbot but were 
unsuccessful because of the chatbot’s inability to 
recognize such prompts further underscored the need 
for adaptive instrumental systems capable of responding 
flexibly to diverse learner needs. 

These challenges stem not only from the intrinsic 
instrumental constraints of AI but also from the limited 
instrumentalization expertise of pre-service teachers. 
Some participants reported that, despite structuring 
their prompts, they continued to receive unexpected 
responses because of both the constraints of the chatbot 
and their own insufficient prompt engineering skills. 
This supports the findings of Peura et al. (2021), who 
emphasized that, without a comprehensive 
understanding of AI mechanisms and the ability to 
integrate learning objectives, curriculum standards, and 
learner characteristics, the gap between instrumental 
intention and actual instrumentation may widen 
significantly. 

Ultimately, the dilemmas experienced by pre-service 
teachers suggest that instrumentalizing AI chatbots into 
teaching and learning is not simply a matter of adopting 
convenient technological tools but rather a complex 
practice that requires ongoing negotiation between 
instrumental constraints and pedagogical intentions. 
While AI chatbots offer new educational opportunities, 
they can unexpectedly conflict with teachers’ 
instructional goals. Therefore, pre-service teacher 
education programs must provide targeted support for 
reflective instrumentalization processes and create 
environments in which teachers can anticipate and 
address the imperfections in AI chatbots through flexible 
design and continuous monitoring. For example, the 
prompts provided to chatbots should be iteratively 
refined with the recognition that student questions or 
learning situations in real classrooms may deviate from 
initial predictions, requiring teachers to adapt their 
instrumentalization strategies accordingly. 
Additionally, teachers should not passively accept AI-
generated responses but instead guide students to 
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critically interpret and reconstruct chatbot answers 
through metacognitive activities. Such an approach can 
help prevent uncritical reliance on AI technologies. 
Ultimately, in the era of AI, teachers will need to develop 
competencies to delineate the scope of tasks performed 
by machines and the points at which their pedagogical 
expertise is essential, ensuring the balanced and effective 
instrumental orchestration of both elements. 

CONCLUSION 

Despite offering valuable insights, this study has 
several limitations that should be considered within the 
framework of the instrumental approach. First, AI 
chatbots developed by pre-service teachers were not 
empirically validated in authentic classroom settings. 
Consequently, actual instrumental performance of these 
chatbots in real learning environments and the potential 
issues arising from student interactions remain 
unexplored. Future research should incorporate 
longitudinal studies that track the instrumental genesis 
of the designed chatbots in authentic classrooms, 
enabling a comprehensive examination of both the 
pedagogical and systemic challenges of AI-integrated 
instruction. 

Second, the scope of learning topics addressed by the 
chatbots was limited to the “number and operations” 
domain. Expanding the chatbot design to other 
mathematical subdomains, such as geometry or 
probability, could yield richer insights into the diverse 
instrumental functions and design considerations that 
pre-service teachers employ. Subsequent investigations 
should explore cross-disciplinary chatbot applications to 
elucidate how pre-service teachers adapt AI artifacts as 
instruments to meet varied curricular demands and 
learner needs. 

Third, this study was constrained by its reliance on 
the GPT-4 model, which inherently limited the 
exploration of prompt engineering variations. Given that 
chatbot response quality and pedagogical utility are 
model-dependent, the generalizability of the findings 
across different AI architectures remains uncertain. 
Future work should conduct cross-model comparisons 
to identify optimal prompt design frameworks that align 
with specific educational objectives and support 
effective instrumental orchestration. 
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