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ABSTRACT: This study investigates the relationship between prompt types and the quality of mathematics activities
generated by artificial intelligence (Al) tools. Within a multiple-case study design, two advanced Al systems,
ChatGPT-5 (OpenAl, September 2025) and Gemini 2.5 Pro (Google DeepMind, September, 2025), were examined
using command (C) and request (R) prompts under standardised settings (temperature = 0.7, top-p = 0.9). Four
activities were produced and evaluated with the Activity Evaluation and Feedback Tool, which assesses both
component-level features and overall quality. The analysis revealed that three of the four Al-generated activities
reached the high-quality range, with total scores of 22, 19, and 23 out of 24 points for Gemini-R, Gemini-C, and
ChatGPT-C, respectively, whereas ChatGPT-R scored 15 points, indicating a medium level. ChatGPT demonstrated
greater effectiveness with command prompts, whereas Gemini performed better with request prompts. At the
component level, intended outcome and materials were strong, while weaknesses were observed in instructions,
responsibility, and complexity, depending on the Al—prompt combination. These findings demonstrate that activity
quality is shaped not only by prompt design but also by model-specific affordances. Implications are discussed for
teacher education, curriculum development, and comparative research on the integration of generative Al in
mathematics education.

Keywords: Generative artificial intelligence, chatgpt, Gemini, prompt engineering, mathematics activity design,
teacher education.

OZ: Bu calisma, prompt tiirleri ile yapay zeka (YZ) araglar tarafindan iiretilen matematik etkinliklerinin kalitesi
arasindaki iligkiyi incelemektedir. Coklu durum g¢alismasi deseni kapsaminda, iki gelismis yapay zeka sistemi olan
ChatGPT-5 (OpenAl, Eyliil 2025) ve Gemini 2.5 Pro (Google DeepMind, Eyliil 2025), emir ve rica tiirii promptlar
kullanilarak standart ayarlarda (temperature = 0.7, top-p = 0.9) test edilmistir. Bu siirecte dort etkinlik {iretilmis ve bu
etkinlikler, hem bilesen diizeyindeki 6zellikleri hem de genel kaliteyi 6lgen Etkinlik Degerlendirme ve Geri Bildirim
Araci ile analiz edilmigtir. Bulgular, dort etkinlikten {igliniin yiiksek kalite araliginda (Gemini-R = 22, Gemini-C =
19, ChatGPT-C = 23 / 24 puan) yer aldigini, ChatGPT-R ¢iktisinin ise 15 puanla orta diizeyde kaldigini gostermistir.
ChatGPT emir tiirii promptlarda daha yiiksek etkinlik gosterirken, Gemini rica tiirii promptlarla daha iyi performans
sergilemistir. Bilesen diizeyinde, “hedeflenen kazanim” ve “materyaller” giiclii yonler olarak one g¢ikarken;
“yonergeler”, “sorumluluk” ve ‘“karmasiklik” alanlarinda ise kullanilan YZ ve prompt tiirii kombinasyonuna bagl
zayifliklar tespit edilmistir. Bu bulgular, etkinlik kalitesinin yalnizca prompt tasarimina gore degil, ayn1 zamanda
kullanilan modelin kendine 6zgii olanaklarina gore de sekillendigini ortaya koymaktadir. Caligmanin sonug¢larinin
Ogretmen egitimi, miifredat gelistirme ve matematik egitiminde iiretken YZ entegrasyonuna yonelik karsilagtirmali
arastirmalar i¢in dogurgular tartigilmstir.

Anahtar kelimeler: Uretken yapay zeka, chatgpt, gemini, prompt miihendisligi, matematik etkinligi tasarimu,
Ogretmen egitimi.
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Artificial intelligence (Al) has emerged as a transformative force within the
Fourth Industrial Revolution, reshaping multiple sectors, including education (Hossain,
2023). International organisations such as UNESCO emphasises Al’s potential to
personalise learning, reduce inequalities, and foster lifelong learning opportunities
(UNESCO, 2023). In education, Al technologies now enable personalised pathways,
adaptive assessments, and real-time feedback mechanisms that were not previously
feasible (Opesemowo & Adewuyi, 2024). The post-pandemic acceleration of
digitalisation has positioned Al not as an optional technological supplement but as a
fundamental partner in teaching and learning processes (Moorhouse, 2023).

Mathematics education is one of the most fertile grounds for Al applications. Al
tools have been applied to intelligent tutoring, automated grading, and the development
of computational and critical thinking (Yeo et al., 2024). Generative Al systems such as
ChatGPT or Gemini have been shown to support proof construction, problem solving,
and logical reasoning, while adaptive systems like ALEKS enhance personalised
practice (Yi et al., 2024). Recent reviews highlight AI’s capacity to enhance conceptual
understanding, improve problem-solving strategies, and empower teachers by reducing
workload and offering new instructional resources (Hwang & Tu, 2021; Jin & Suh,
2024; Yi et al., 2024).

A distinctive feature of generative Al tools lies in their reliance on prompts (Shi
et al., 2020). Prompts serve as the communicative interface through which users elicit
responses, and their structure significantly shapes the quality and relevance of Al
outputs (Shin et al., 2024). In mathematics education, prompts can be framed as
requests or commands, which may influence not only the type of response generated but
also the degree of agency and creativity afforded to students and teachers. Recent
studies emphasise that systematic prompt design enhances the accuracy of automated
grading, supports the quality of feedback, and fosters deeper engagement with
mathematical ideas (Saralar-Aras & Cicek Schoenberg, 2024; Wardat et al., 2023).
Despite this recognition, research comparing how different prompt types influence Al-
supported activity design remains limited.

Although the transformative potential of Al in mathematics education has been
widely acknowledged, systematic evidence on how different Al tools (e.g., ChatGPT,
Gemini) and prompt types (e.g., requests versus commands) influence the design and
quality of mathematics activities remains scarce. Existing reviews note the
predominance of ChatGPT as the primary tool under investigation, with limited
comparative studies involving alternative generative Al systems (Opesemowo &
Adewuyi, 2024). Moreover, while prompt engineering has gained increasing attention,
its pedagogical implications for designing mathematics activities are not yet fully
understood. Addressing this gap, the present study investigates four mathematics
activities developed through different Al tools and prompt types, with the aim of
examining how these variations shape the nature and educational value of the resulting
tasks. This study is guided by the following research question: How different Al tools
(ChatGPT and Gemini) and prompt types (request and command) shape the structure
and quality of mathematics activities? By addressing this question, the study seeks to
contribute to the growing body of research on Al integration in mathematics education,
offering insights for both theory and practice in the era of generative Al. The findings
are expected to clarify how design choices in prompts influence the pedagogical value
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of Al-generated activities, thereby informing both teacher education and curriculum
development. Moreover, by comparing two prominent Al tools, the study provides
empirical evidence that can guide educators and policymakers in making informed
decisions about the effective and responsible use of generative Al in mathematics
classrooms.

Theoretical Background

Al in Mathematics Education

The integration of Al in education has accelerated in the last decade, with
generative Al tools now shaping how knowledge is accessed, mediated, and produced.
UNESCO (2023) highlights Al as a transformative enabler of equitable, inclusive, and
personalised learning, emphasising the need to balance technological innovation with
ethical and pedagogical considerations. Al applications range from adaptive learning
systems and automated feedback to intelligent tutoring and large language model
(LLM) based conversational agents (Yeo et al., 2024). In this context, generative Al
occupies a distinctive position, offering not only information retrieval but also the co-
construction of knowledge through interactive prompts. Yet, its integration into teaching
requires critical reflection on how students and teachers engage with such tools
(Opesemowo & Adewuyi, 2024). Mathematics education has been identified as a field
particularly receptive to Al innovations. Systematic reviews reveal that Al supports
multiple domains, including conceptual understanding, computational thinking,
statistical literacy, and proof construction (Hwang & Tu, 2021; Jin & Suh, 2024; Yi et
al.,, 2024). Studies using ChatGPT demonstrate that students can receive timely
feedback, explore proofs interactively, and engage in creative problem-solving (Park &
Manley, 2024; Wardat et al., 2023). At the same time, alternative Al systems such as
Gemini or domain-specific tutors expand the ecosystem of tools, but their comparative
pedagogical affordances remain under-examined (Li, 2025). While the potential of Al in
mathematics education is broadly acknowledged, implementation varies with teachers’
technological-pedagogical knowledge and their perceptions of reliability and trust (Kim,
2024; Yeo et. al., 2024). Recent studies further demonstrate that students’ perceptions of
ChatGPT in mathematics differ significantly according to academic background,
experience level, and frequency of use, highlighting perception as a critical mediating
factor in Al-supported mathematics learning (Ergene & Caylan Ergene, 2025a). These
findings indicate that users’ perceptions are closely intertwined with how they engage
with Al tools during mathematical tasks. These contextual factors suggest that
understanding how Al contributes to activity design requires a closer look at the role of
user Al interactions.

Mathematics Activities and Al

The concept of activity and activity-based teaching has remained a central
concern in mathematics education research. Textbook analyses, the design of digital
learning platforms, and international comparative studies consistently highlight the
centrality of activities in structuring mathematics learning experiences (Jones & Pepin,
2016; Sullivan et al., 2015). Activities are valued because they enable students to
inquire, reason, and experiment; learners can test hypotheses, make conjectures, and
explore alternative strategies in ways that promote both understanding and analysis of
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mathematical ideas (Choy, 2016; Ozgen, 2017). Moreover, activities support active
participation, collaboration, and communication. They provide opportunities for
students to work cooperatively, engage in mathematical discussions with peers, defend
their own ideas, and critically examine the reasoning of others (Griffin, 2009). In this
way, activities contribute not only to the acquisition of content knowledge but also to
the cultivation of critical and social competencies that underpin mathematical practice.

The literature on mathematical activities demonstrates a diversity of emphases.
Some researchers examine the qualities that render an activity “rich” or educationally
valuable (Ainley et al., 2006; Griffin, 2009), while others focus on typologies and
categorisations of activities (Kieran et al., 2015). These differing emphases also produce
variation in how the term activity is defined. Indeed, many definitions of activity are
grounded in the notion of academic tasks (Doyle, 1988; Doyle & Carter, 1984). For the
purposes of this study, we adopt an operational definition aligned with Bozkurt et al.
(2022), who conceptualise mathematical activity as a structured yet flexible learning
environment that allows students to engage in exploration, reasoning, and reflection.
Building on this conceptualisation, the present study employs the Activity Evaluation
and Feedback Tool (AEFT) to examine the pedagogical and mathematical quality of Al-
generated activities. Within the AEFT framework, the construct of Mathematical
Potential is operationalised through three interrelated components: mathematical focus,
depth, and complexity. These components correspond closely to the analytical
dimensions described in mathematics education literature, where focus captures the
clarity and centrality of the mathematical idea, depth reflects the level of reasoning and
conceptual connections promoted by the task, and complexity denotes the structural and
procedural richness required to reach a solution (Bozkurt et al., 2022). Together, these
dimensions enable a multi-layered evaluation of the cognitive demand inherent in Al-
generated activities. By aligning AEFT’s evaluative structure with established
frameworks of mathematical task quality, this study establishes a coherent bridge
between pedagogical design and mathematical sophistication. This theoretical
grounding directly informs the study’s aim to examine how prompt types and Al
systems influence the quality of designed activities. This operational framing is
particularly relevant to the evaluation of Al-generated activities, as it provides a
consistent lens through which to examine how tools such as ChatGPT and Gemini,
when guided by different types of prompts, can shape the pedagogical and cognitive
affordances of the resulting tasks.

Prompts Types and Use

Prompts are the key interface between human cognition and Al output
(Gattupalli et al., 2023). Recent research has shown that prompt engineering influences
not only accuracy but also creativity and depth of Al-generated tasks (Shi et al., 2020).
In mathematics education, prompts can be formulated as requests (e.g., “Could you
design a problem about fractions?”’) or commands (e.g., “Generate a problem about
fractions™).
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Figure 1
Examples of Request and Command Prompts for Designing a Fraction Problem
Prompt Tvpe Iustrative Prompt
Could you design a problem about fractions?
ChatGPT
Rﬁque St Here's a problem you can use about fractions = it's contextual, clear, and can be adapied to different g1 de

Ity

Could you design a problem about fractions?

Gemini Request

. 4 d be hapgy to. Here is a problem about fractions

Generate a problem about fractions

ChatGPT Command

Hene's a problem about fractions you could use

Generate & problem about fractions

Gemim Command

4 On aSaturday moming, Marcus decides to bake cookies. He has a bag of flour that contains

As illustrated in Figure 1, the same mathematical focus (fractions) leads to
different outputs depending on whether the Al is engaged through a request or a
command. The prompt type distinction is not merely linguistic; request-style prompts
may position the Al as a collaborative partner, while command-style prompts frame it as
a tool for execution. These subtle differences affect the type of problem generated, the
flexibility of solutions, and the scope for student agency. If requests encourage dialogic
exploration while commands prioritise efficiency, the resulting tasks may differ in
complexity, creativity, and appropriateness for classroom use. Studies highlight that
iterative, open-ended, and contextually rich prompt foster deeper engagement with
mathematical structures (Saralar-Aras & Cicek Schoenberg, 2024).

Much of the empirical evidence still concentrates on single tools such as
ChatGPT, with limited attention to alternative generative Al tools like Gemini
(Opesemowo & Adewuyi, 2024; Yi et al., 2024). Although prompt design is widely
acknowledged as central to effective Al use, little is known about how variations in
prompt types (request versus command) shape the quality and structure of mathematics
activities. Moreover, comparative evaluations of Al-supported activities remain scarce,
particularly regarding their pedagogical value in authentic educational contexts. This
study addresses these gaps by systematically evaluating four mathematics activities
developed through different Al tools (ChatGPT and Gemini) and prompt types (request
vs. command).

Method

Research Design

This study employed a qualitative research approach, specifically a case study
design. Case studies enable the examination of phenomena within their real-life contexts
and aim to provide an in-depth understanding rather than broad generalisations
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(Creswell, 2017; Yin, 2014). The primary purpose of case studies is to capture how a
particular issue or phenomenon unfolds in its natural setting through rich and detailed
descriptions (Chmiliar, 2010; Seggie & Bayyurt, 2017). A multiple-case study design
was adopted, as each Al model and type of prompt was treated as a distinct “case.” This
design was chosen because it allows for a comparative analysis of similarities and
differences across cases, thereby yielding a more comprehensive perspective on the
phenomenon under investigation.

Data Collection Process

The data were generated using two advanced Al models, ChatGPT-5 and
Gemini 2.5 Pro, both of which represent the most recent and sophisticated versions of
their respective systems. The selection of these models ensured the inclusion of state-of-
the-art generative Al tools within the study. These two systems were intentionally
chosen to capture variation across distinct architectures and interaction styles, as they
represent leading examples of large-language-model-based environments widely used in
educational research. The design thus adopted a 2 % 2 structure combining model type
(ChatGPT-5 vs. Gemini 2.5 Pro) with prompt type (Command vs. Request), enabling a
systematic comparison of four cases: ChatGPT-C, ChatGPT-R, Gemini-C, and Gemini-
R.

To guide the effective use of the Al tools, the researchers designed a draft
activity template consisting of four sections: formal information, preparation,
implementation, and conclusion. The formal section included key elements such as
course title, grade level, theme, learning outcome, suggested duration, objectives,
instructional methods and techniques, materials, and activity title. To maintain a
consistent focus across the study, the sections for course title, grade level, theme, and
learning outcome were pre-filled in the template. The final version of the template was
validated through expert review. Specifically, a researcher holding a doctoral degree in
mathematics education and responsible for teaching the course “Activity Development
in Mathematics Education” evaluated the template and provided feedback, upon which
the final adjustments were made (see Appendix 1).

All data generation occurred within the native web interfaces of each model to
ensure ecological validity. Activities were produced using the ChatGPT web interface
(OpenAl, October 2025 version) and Gemini Advanced (Google DeepMind, accessed
October 10 2025). No plug-ins, third-party tools, or external applications were enabled.
Generation parameters were standardized across all sessions (temperature = 0.7, top-p =
0.9, max_tokens = 1200) to ensure comparability between outputs. Each activity was
generated in an independent chat session to prevent cross-model contamination, and
interface language settings were held constant. The data were collected by one of the
researchers. For each activity, a new chat session was initiated, and the Al model was
first provided with the activity template. After the model reviewed the template, the
prompting process began. All prompts had been predetermined by the researchers prior
to data collection and were not altered in response to the Al outputs. The prompts were
developed based on a review of the relevant literature on Al-supported mathematics
activity design (Simsek, 2025; Tapan Broutin, 2024) and through expert consultation.
Informed by these sources, a total of 18 prompts were constructed. The prompt set was
divided into two types, Request (R) and Command (C). While R prompts framed the
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tasks as interrogative requests, C prompts expressed the same tasks in imperative form.
This case structure directly reflected the study’s comparative design (model X prompt
type), aligning with the analytical framework described above. Using these prompt sets,
four distinct activity designs were generated: Gemini (R), Gemini (C), ChatGPT (R),
and ChatGPT (C). The Al-generated responses were then transferred into the activity
template and saved as four separate files (see Appendix 2 and Appendix 3). The full
prompt sequences and corresponding model outputs were subsequently included in
Appendices 47, allowing readers to review the complete data used in the evaluation.

Data Analysis

Descriptive analysis was employed to examine the collected data, aiming to
identify and interpret relationships emerging from the activities (Creswell, 2017). For
this purpose, the AEFT, developed by Bozkurt et al. (2022), was adopted as the
analytical framework (see Appendix 8). The AEFT combines both analytical and
holistic perspectives: it enables a detailed evaluation by breaking down activity texts
into specific components while also supporting an integrative assessment of the activity
as a whole (Yin, 2014) as seen in Table 1.

Table 1

Summary of AEFT Variables, Score Ranges, and Calculation Notes

Variable/ . . Score I .

! Dimension Description / Calculation Note

Component Range

Intended Outcome  Activity Text 0-3 Clarity and attainability of the intended goal

Material Activity Text 0-3 Functionality and appropriateness of materials

Instructions Activity Text 0-3 Coherence and completeness of procedural guidance

Responsibility Activity Text 0-3 Degree of student agency encouraged

Inclusivity Activity Text 0-3 Opportunities provided for all students

Depth Mathematical 0-3 Level of reasoning and conceptual richness
Potential

Complexity Mathematical 0-3 Structural and procedural demand of the task
Potential

Mathematical Mathematical 0-3 Centrality and clarity of the mathematical idea

Focus Potential

Total AEFT Score - 0-24 Sum of all components; higher scores indicate higher

activity quality

Table 1 provides an overview of the AEFT framework, which consists of eight
components: intended outcome/product, materials, instructions, responsibility,
inclusivity, depth, complexity, and mathematical focus. Each component was scored
using a four-point scale (0=Very Low, 1l=Low, 2=Moderate, 3=High). This dual
capacity to provide both fine-grained and comprehensive insights made AEFT an
appropriate tool for the present study.

The activities were independently evaluated by one of the researchers and
another researcher in mathematics education holding a doctoral degree. Prior to the
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formal evaluation, both raters participated in a calibration session to ensure a consistent
interpretation of the AEFT rubric. This session involved jointly scoring three sample
activities and discussing the application of each criterion until consensus was reached.
Following the independent evaluations, inter-rater reliability was calculated as 84.4%,
exceeding the commonly accepted threshold of 80% for qualitative analysis (Miles &
Huberman, 1994). In addition, Cohen’s k was computed as .81, indicating a strong level
of agreement between the raters (Cohen, 1960). Any discrepancies identified during the
scoring process were subsequently discussed until full consensus was achieved. To
support content validity, expert review was conducted by two mathematics education
specialists. These experts examined the suitability, clarity, and conceptual alignment of
the AEFT framework with the aims of the study. Their feedback confirmed the
appropriateness of the evaluation components and the overall analytical structure used
to assess the Al-generated activities. Minor clarifications suggested by the experts were
considered in refining the evaluation process, thereby strengthening the coherence and
transparency of the analysis. Based on the total scores obtained from the AEFT, the
activities were categorised into three levels: low (0-8 points), medium (9-16 points),
and high (17-24 points).

Ethical Considerations

This study was based on data generated through Al models rather than human
participants. Therefore, ethical approval from an institutional review board was not
required.

Findings

This section presents the results derived from the systematic evaluation of the
Al-generated mathematics activities, which were examined through three main stages.
First, the activities were generated by the Al models according to the predefined prompt
sets. Second, the outputs were cleaned and normalised by removing formatting
inconsistencies (e.g., bullet structure, redundant headings) to ensure comparability
across cases. Finally, the normalised texts were evaluated using the AEFT framework
through independent expert scoring. The findings obtained from the analysis of the Al-
designed activities within the AEFT framework are presented in Table 2.

Table 2

Results of the AEFT Evaluation Across Al-Prompt Combinations

E\_/aluat_ion Evaluation Components Gemini Gemini ChatGPT  ChatGPT

Dimensions (R) (©) (R) ©
Intended Outcome 3 3 3 3
Material 3 3 3 3

Activity Text Instructions 2 2 1 2
Responsibility 3 1 1 3
Inclusivity 3 3 2 3

Mathematical Depth 3 3 2 3
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Potential Complexity 3 2 1 3
Mathematical Focus 2 2 2 3
Score* 22 19 15 23

* 0-8 points = low level; 9-16 points = medium level; 17-24 points = high level

As shown in Table 2, three of the Al-designed mathematics activities were
evaluated at a high-quality level, while only the ChatGPT activity generated with R-
type prompts reached a medium level, though its score was close to the high threshold.
The highest AEFT score was obtained by the ChatGPT activity with C-type prompts,
whereas the lowest score was associated with the ChatGPT activity with R prompts.
Both Gemini-generated activities, regardless of prompt type, achieved a high level.
Comparisons across tools and prompt types revealed that Gemini performed better than
ChatGPT with R prompts, while ChatGPT outperformed Gemini with C prompts.

At the component level, distinct strengths and weaknesses emerged. Within the
activity text dimension, instructions and responsibility received lower scores in the
ChatGPT-R activity, and responsibility was also rated lower in the Gemini-C activity.
For instance, in the Gemini-C activity, students’ roles were vaguely defined (“students
use GeoGebra or concrete materials to connect two parallel lines with two
transversals”), whereas the Gemini-R version specified explicit role distribution (“group
spokespersons present findings and each student answers an individual justification
question”), ensuring active participation and clear accountability (see Table 3).

Table 3
Examples of Low- and High-Level Scoring for the Responsibility Component (Gemini)

Component Type Score Response Description

Responsibility

Gemini (C)

Participating in the activity by
following the teacher’s guidance.

Drawing figures formed by parallel
lines and transversals.

Making conjectures about the angle
and side properties of the figures.

Measuring angles and sides using a
ruler, set square, or appropriate
software.

Exchanging ideas with group
members and discussing different
viewpoints.

Collaboratively solving the questions

on the worksheet.

Sharing their suggestions for the
classification of quadrilaterals with
the class.

Student responsibilities are
not clearly articulated. The
descriptions are generally
superficial (e.g., “answers
the questions™), and the
tasks expected from students
during the activity are not
outlined step by step.
Moreover, the activity is not
structured to promote
students’ active participation
throughout the process.
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Gemini (R)

Aurriving to the lesson punctually and
prepared, bringing the necessary
materials (e.g., ruler, set square,
paper).

Listening carefully to the teacher’s
instructions and completing assigned
tasks on time.

Taking an active role within the
group rather than remaining only as
an observer.

Dividing tasks among members (e.g.,
drawing, measuring, note-taking,
presenting).

Respecting group members’ ideas
and contributing actively to
discussions.

Recording conjectures and
comparing them with measurement
results.

Being open to revising conjectures
when inaccuracies are identified.

Sharing the group’s findings with the
class.

Responding thoughtfully to peers’
questions or critiques.

Contributing to the formulation of
collective generalizations.

Student responsibilities are
clearly articulated,
specifying, for example,
who should bring which
materials and who will
assume the roles of drawer,
measurer, and presenter. The
activity is structured to
promote students’ active
participation throughout the
process, encouraging them
to take initiative within their
groups and contribute
meaningfully to discussions.

In the mathematical potential dimension, depth demonstrated clear differences
between ChatGPT-generated activities. As illustrated in Table 4, the ChatGPT-R
activity included surface-level reasoning questions (e.g., “Can a quadrilateral have equal
opposite angles but not be a parallelogram?”’), whereas ChatGPT-C encouraged deeper
interpretation and explanation (“Why are opposite angles in a parallelogram equal?” or
“Under what conditions can two transversals create a square?”), thereby fostering
higher-order mathematical reasoning.
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Table 4
Examples of Medium- and High-Level Scoring for the Depth Component (ChatGPT).
Component Type Score  Response Description
Why are opposite angles in a The objective is to
parallelogram equal? Explain usinga encourage detailed
diagram and the relationships elaboration grounded in
between alternate interior angles. interpretation (e.g., “Why is
Ilustrate the relationships among it equal?”; “EXPlai_n-”)-
parallelograms, rectangles, Furthermore, the aims
e schematic diagram. knowledge (e.g., “Under
'_ .. -
?5 3 When you draw transversals at 30°, what conditions does this
f)ﬂ,
= . occur?”) and the
= 45°, and 60° angles, which . S
$) . identification of
quadrilaterals are formed? Do the . .
L . relationships (e.g.,
sums of their interior angles or their . )
= . . “Illustrate the relationships
= geometric properties change? . .
2 i using a schematic
If two tra.nsversalis intersect two N diagram.”).
parallel lines at different angles, is it
possible to obtain a square? Under
what conditions could this occur?
Can a quadrilateral have equal
opposite angles but not be a
— parallelogram? The objective here is to
(34 ‘ .
= . apply the mathematical
iy Is every trapezoid a parallelogram? PPy . .
o 2 ) properties of quadrilaterals,
= The teacher provides a property (e.g., parallelograms, and
(@) “opposite sides are parallel”), and

students deduce which
quadrilateral(s) satisfy that condition.

trapezoids.

The Al-generated responses related to the intended outcome/product component

are provided in Table 5.

Table 5
Al-Generated Responses for the Intended Outcome/Product Component of the Designed
Activities
Component Type Score  Response
Students create their own quadrilaterals using concrete and digital
Gemini 3 materials, discover their basic properties (sides, angles, area), and
(R) develop logical generalisations based on these discoveries. They then
use this knowledge to solve problems oriented toward specific goals.
Intended Students explore the fundamental geometric properties of
Outcome quadrilaterals and their hierarchical relationships, integrate this
Gemini knowledge with concepts such as area, perimeter, and ratio—
© proportion, and apply it to solve a complex, real-life—like problem

with multiple constraints. In doing so, they enhance their skills in

mathematical modelling and reasoning.
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- Discover quadrilaterals formed by the intersection of two parallel
lines with two transversals,

ChatGPT - Identify the angle and side properties of these quadrilaterals,
(R) - Reach generalisations from these properties,

- Formulate rule-based statements and evaluate their contributions to
the classification of quadrilaterals.

Students, by using mathematical tools and technologies, discover
quadrilaterals formed by the intersection of two parallel lines with
ChatGPT two transversals, develop assumptions about their angle and side
© properties, and validate these through measurement and comparison.
They then make logical generalisations and evaluate their
contributions to the classification of quadrilaterals.

As shown in Table 5, the responses under the intended outcome/product
component were presented either in plain sentences or in bullet-point form. Across all
Al-designed activities, this component was consistently rated in the ‘high’ category.
These findings indicate that the intended outcomes or products of the activities were
clearly and explicitly conveyed in the Al-generated texts. The Al-generated responses
related to the material component are provided in Table 6.

Table 6
Al-Generated Responses for the Material Component of the Designed Activities

Component Type Score Response

Projector, computer/tablet, GeoGebra software, expert menu and task
Gemini cards, activity report, form, exit cards, and role cards.
(R) Alternative (without technology): pipettes, Play-Doh, ruler,
protractor, and graph paper.

Smart board, devices with GeoGebra installed, official task letter,
joker task cards, individual control points, and peer assessment

Gigm' 3 forms.
Material Alternative: ruler, protractor, A4 paper, geometry boards, and rubber
bands/pipettes/sticks.
Computer/tablet, smart board, dynamic geometry software
ChatGPT .
R) 3 (GeoGebra), ruler, set square, compass, coloured pencils, worksheets,
and poster paper.
GeoGebra or other dynamic geometry software, smart
ChatGPT .
©) 3 board/projector, ruler, set square, graph paper, and student

worksheets.

As shown in Table 6, the material component of all Al-designed activities was
rated in the ‘high’ category. The suggested materials were generally necessary for
implementing the activity, useful for achieving its objectives, and easily accessible in
daily life. This indicates that the materials proposed by Al were functional and practical.
Some of the recommended resources (e.g., task cards, peer assessment forms) were
either directly generated by Al or could be designed by Al upon request. Unlike
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ChatGPT, Gemini also suggested alternative materials. This aspect was not included as
a formal evaluation criterion in the AEFT framework and therefore did not affect the
scoring. The findings further revealed that Al tools demonstrated different levels of
performance across the activity text and mathematical potential dimensions. Examples
of Al-generated responses for these components are provided in Table 7.

Table 7

Examples of Al-Generated Responses for the Evaluation Components of the Designed
Activities

Component Type Score  Response

1. Individual Work (10 min): Students draw parallel lines, add a transversal, and
discuss which quadrilateral the resulting figure resembles.

2. Group Work and Measurement and Examination (20 min): Angle and side
measurements are taken, and the properties are discussed.

ChatGPT
(R)
=

3. Hypothesis Development and Discussion (15 min): Students discuss the
conditions for trapezoids, parallelograms, and rectangles.

4. Generalisation and Statements (10 min): Students are asked to write rule-based
statements based on their measurements.

Instructions
1. Draw two parallel lines.
2. Cut these lines with two different transversals.
3. Examine the resulting shapes.
4. List the angle and side properties.
5. Compare your hypotheses with the measurements.
6. Classify the shapes according to quadrilateral types.
7. Make generalisations about common properties.

Instructions

Questions for Students
— Which quadrilateral(s) were formed?
— Is there a relationship between the measures of opposite angles?

ChatGPT
©)
N

— What can you say about opposite sides?

— How do these properties contribute to the classification of quadrilaterals?
Implementation Process

Groups make drawings and record their measurements.

The teacher circulates around the classroom and asks guiding questions.

Groups present their results, and shared generalisations are written on the board.
Individual Question

Select one quadrilateral formed by the intersection of two transversals with two
parallel lines. Explain its angle and side properties, and discuss its significance in
classification.

Students, working in groups, use GeoGebra or concrete materials (e.g., geometry
board, ruler) to connect two parallel lines with two transversals.

Responsibili
ty
Gemini (R)
-
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Group spokespersons share with the class the most interesting finding they
discovered during the main task or in the expert menu. As a whole class, a
generalisation is then made regarding the properties and relationships of
quadrilaterals.

Each student individually answers the following question: ‘To construct a perfect
square, how should two transversals be positioned relative to two parallel lines?
Justify your answer by considering both angle and side properties.” (Students who
have difficulty writing are offered the option of providing an oral explanation.)

Gemini (C)
w

As shown in Table 7, the instructions for the ChatGPT-R activity were rated at a
low level. In contrast, the ChatGPT activity with C-type prompts organised the text
under clear headings (instructions, questions for students, implementation process and
individual questions) and provided detailed steps and question examples. However,
some redundancy was observed, particularly where individual questions repeated earlier
instructions. Thus, while the instructions were generally clear and supportive of
achieving the intended outcome, the repetition lowered efficiency, and the activity was
rated at a medium level. For Gemini, the C-type prompt activity included the phrase
“students divided into groups,” which lacked clarity regarding whether responsibility
applied to each individual or a representative, leading to ambiguity and a low rating for
responsibility. By contrast, the Gemini-R activity explicitly stated that group
spokespersons would present findings and that each student would answer an individual
question, ensuring active participation and clear role distribution. This resulted in a high
rating for responsibility. Finally, analysis of the mathematical potential revealed that the
ChatGPT-R activity included concept connections, but these remained superficial,
leading to a low score for complexity. Conversely, the ChatGPT-C activity incorporated
prompts such as examine, list, compare, classify, and generalise, which encouraged
interpretation, elaboration, and generalisation of mathematical knowledge.
Consequently, this activity was rated high in depth and also demonstrated a strong
mathematical focus, as students were explicitly required to generate reasoning around
mathematical properties.

An analysis of the Mathematical Potential dimension revealed notable
differences across depth, complexity, and mathematical focus. Activities generated by
Gemini consistently performed at a high level in both request (R) and command (C)
prompt types, with scores of 2 or above across all components. Particularly in the depth
dimension, Gemini achieved the highest rating in both prompt conditions, indicating its
capacity to support tasks that encourage students to interpret, elaborate, and generalise
mathematical knowledge. Similarly, the ChatGPT-C activity also demonstrated strong
mathematical potential, achieving high scores across all three components and
producing structured tasks that guided learners toward reasoning and generalisation. In
contrast, the ChatGPT-R activity was rated lower, with especially weak performance in
complexity (1) and only moderate outcomes in depth (2) and mathematical focus (2).
This suggests that request-style prompts tend to elicit more superficial mathematical
connections from ChatGPT, whereas command-style prompts foster more structured
and mathematically grounded outputs. Taken together, these findings highlight that the
mathematical potential of Al-generated activities is not determined solely by the tool
itself but is significantly shaped by the interaction between model and prompt type. In
particular, the dimensions of depth and complexity appear to play a decisive role in
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differentiating the pedagogical richness of the designed activities, underscoring the
importance of deliberate prompt engineering when aiming to cultivate higher-order
mathematical reasoning.

Discussion and Conclusion

This study investigated the relationship between prompt types and the quality of
mathematics activities designed with Al tools. In this regard, the quality of activities
produced with the support of ChatGPT and Gemini was examined according to two
prompt types (command and request). The findings revealed that mathematics activities
designed with different Al tools and prompt types were, in general, of high quality.
However, the results also indicate that this high quality is not uniform but depends on a
decisive interaction between the prompt type and the Al model used. This outcome is
consistent with earlier research (Tapan Broutin, 2024; Trust et al., 2023), which also
demonstrated that Al tools can assist educators in lesson planning and function as
supportive instruments in instructional design (Yanar & Ergene, 2025). However,
several studies have urged caution (Cooper, 2023; Halaweh, 2023; Rahman &
Watanobe, 2023; Stojanov, 2023), emphasising that Al-generated lesson plans may
contain fundamental errors in both the planning and implementation phases.
Consequently, these studies highlight the importance of critically reviewing Al outputs
before they are adopted for educational purposes. Taken together, this dual perspective
reflects both the opportunities and risks of integrating generative Al into educational
design. It also points to the need to understand not just whether Al can generate
activities, but how prompt structures and tool differences shape the quality of those
activities.

The present study extends this discussion by examining how the interaction
between Al models and prompt types shapes the quality of mathematics activities. The
findings showed that ChatGPT produced the highest-quality activity with command (C)
prompts, while its lowest-quality activity emerged with request (R) prompts. Although
the ChatGPT-R activity was categorized as medium quality, it still approached the
threshold of high quality, underscoring the decisive role of prompt type in shaping
ChatGPT’s performance. By contrast, Gemini achieved higher scores with R prompts
than with C prompts, and both Gemini-generated activities were rated as high quality.
Prompt framing appears to mediate the balance between procedural precision and
contextual elaboration, as command prompts yield structured reasoning while request
prompts elicit broader but less focused discourse (Correia et al., 2025). This
demonstrates that Al models differ fundamentally in how they interpret and respond to
prompt structures. In parallel, Simsek (2025) found that users’ preferences for prompt
types in mathematics activity design resulted in outputs of varying quality, influenced
by metaphorical perceptions and prompting skills. Our findings move this argument
forward by showing that high-quality outputs depend not only on users’ ability to craft
effective prompts but also on the distinctive ways in which different Al models respond
to those prompts. These divergences can be interpreted through differences in how each
model processes linguistic framing (Franceschelli & Musolesi, 2024). Command
prompts tend to elicit procedural, list-like structures, reflecting the model’s orientation
toward task execution. Request prompts, on the other hand, invite more conversational
and context-sensitive reasoning, often resulting in richer but less focused outputs. This

2026, Journal of Theoretical Educational Sciences - Kuramsal Egitimbilim Dergisi 19(2), 405-432



420 Mustafa Zeki AYDOGDU, Biisra CAYLAN ERGENE, & Ozkan ERGENE

contrast aligns with previous observations that LLMs respond differently to directive
versus dialogic prompt framings, influencing both creativity and coherence in
educational contexts (Saralar-Aras & Cicek Schoenberg, 2024).These results highlight
the importance of developing teachers’ prompt literacy, which includes both the
technical capacity to construct effective prompts and the pedagogical judgment to align
them with instructional aims (Gattupalli, et al., 2023).

Beyond the overall quality, the analysis revealed that specific Al-prompt
combinations displayed distinctive pedagogical weaknesses at the component level. For
instance, Gemini-C performed poorly in responsibility, while ChatGPT-R was weaker
in instructions, responsibility, and complexity. These findings suggest that in Al-
supported mathematics activity design there is no single best tool or prompt type; rather,
the choice of Al-prompt combinations should be made strategically in alignment with
the targeted pedagogical purpose. This underscores the continuing necessity of teacher
involvement in the design process. Prior research (Dumlu et al., 2024; Tapan Broutin,
2024; Trust et al., 2023; Yanar & Ergene, 2025) similarly argues that Al tools cannot
fully replace teachers, but can serve as valuable aids. Conversely, in components such
as intended outcome/product and material, all Al-prompt combinations produced high-
quality responses, suggesting that Al tools are particularly effective at articulating
learning outcomes and identifying resources aligned with these outcomes. In this
context, the teacher’s role in Al-supported content design goes beyond intervention to
encompass that of a critical filter (Simsek, 2025; Wardat et al., 2023). This pattern
resonates with the literature on “rich mathematical activities” (Ainley et al., 2006;
Griffin, 2009), where clarity of instructions, student responsibility, and task complexity
are considered crucial. While Al-generated activities captured outcomes and materials
well, they often fell short in ensuring depth and responsibility, underscoring the
irreplaceable role of human mediation.

Given the rapid proliferation of Al tools in education, comparing their
performance and outputs is increasingly important (Ergene & Caylan Ergene, 2025b).
For teachers, such comparisons provide valuable insights into which tools and prompt
strategies are most effective for supporting specific pedagogical aims. Since no single
Al tool can be considered universally superior, evaluating the strengths and weaknesses
of different systems becomes critical for informed classroom use (Cooper, 2023;
Rahman & Watanobe, 2023). In this study, comparisons between ChatGPT and Gemini
illustrate how different models may respond divergently to the same prompt types,
resulting in variations in activity quality. While the scope of this research was limited to
two prominent tools, these findings suggest that systematic evaluations across multiple
Al systems could guide educators in making strategic adoption decisions. This echoes
recent calls for evidence-based and comparative approaches to integrating generative Al
in education, where teachers’ professional judgment is supported by empirical research
(Holmes et al., 2022). By addressing the “ChatGPT-dominant” trend in current research
(Opesemowo & Adewuyi, 2024), this study also highlights the value of including
alternative systems like Gemini, which in some cases demonstrated stronger
performance.

The findings further suggest that teachers should view Al-supported activity
design as a collaborative process in which Al tools serve as idea generators rather than
replacements. Teachers’ roles as critical evaluators remain essential, requiring them to
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strategically select tools and prompt types that align with pedagogical objectives, while
adapting Al-generated content to classroom realities. Comparative insights between
ChatGPT and Gemini demonstrate that different models respond divergently to the
same prompt structures, shaping the clarity, depth, and mathematical focus of activities.
From a practice perspective, this highlights the need for professional development
programs that explicitly cultivate teachers’ prompt literacy. Prompt literacy
encompasses both technical skills in prompt engineering and pedagogical sensitivity in
aligning prompts with instructional goals (Gattupalli, et al., 2023). Strengthening
teachers’ prompt literacy will enable them to harness Al tools more effectively and
critically, ensuring that these technologies are used strategically rather than superficially
in activity design. Overall, these differences reveal that model-prompt interactions are
not merely technical but epistemological: they shape how mathematical ideas are
represented, structured, and communicated. From a research perspective, the study
demonstrates that activity quality depends on the interaction between the Al model and
the prompt type, which calls for broader comparative investigations across diverse tools,
prompt structures, and instructional contexts. Future research should examine not only
how Al-supported design influences classroom implementation and student learning
over time but also how targeted prompt training programs enhance teachers’ capacity to
engage critically with Al. Embedding prompt literacy into both practice and research
can thus contribute to more sustainable, equitable, and pedagogically grounded
integration of Al in mathematics education.
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Appendix 1. Lesson Plan Template

Course

Grade Level

Theme

Formal Section Learning Outcome

Suggested Duration

Objective

Teaching-Learning Methods and Techniques

Materials and Tools Used

Activity Title
Preparatlon_Phase of the Attention
Activity
Implementation Phase Execution of the Activity
Conclusion Phase Assessment and Evaluation

Appendix 2. Request (R) Type Prompts Used in the Study

1.

o h~wn

10.

11.
12.
13.
14.
15.
16.
17.
18.

Using the provided activity template, can you design an activity aligned with the following
learning outcome:

MAT.6.3.2. Ability to make inferences about the properties of shapes formed by two parallel
lines intersected by two transversals using mathematical tools and technology

a) Makes assumptions about the properties of shapes formed by two parallel lines intersected by
two transversals.

b) Lists the resulting shapes according to their various properties.

¢) Compares the shapes with their assumptions by considering side and angle properties.

¢) Provides propositions regarding the sum of the interior angles of the shapes formed and the
common properties of trapezoids, parallelograms, rhombi, rectangles, and squares.

d) Evaluates the contribution of the propositions to the classification of quadrilaterals.

How much time do you recommend for carrying out this activity?

Can you clearly state the objective of the activity?

What teaching—learning methods and techniques will you use in the activity?

Can you specify the tools, materials, and references used in the activity?

Can you elaborate on the preparation phase (attention-getter) of the activity? (This may include a
real-life example, visual, discussion question, video, etc. related to the targeted mathematical
concept.)

Can you elaborate on the implementation phase of the activity? Can you add the instructions and
questions to this section? Then, can you describe the implementation process of the activity? The
implementation phase may include the expected student responses, potential misconceptions,
and feedback in case of difficulties.

Can you elaborate on the conclusion phase of the activity? In this section, can you describe how
you plan to assess the learning related to the targeted mathematical concept/idea? (This may be a
question, problem, survey, etc.)

What are the responsibilities of the students in the activity?

Can you design the activity in a way that strengthens its “inclusiveness” by ensuring the
participation of all students?

Can you enhance the “mathematical depth” of the activity?

Can you enhance the “complexity” of the activity?

Can you make the “mathematical dimension” of the activity more explicit?

If you identify any missing or improvable aspects of the activity, can you explain them?

What are your suggestions for improving the missing or improvable aspects?

Can you propose an engaging title for the activity?

Is there anything else you would like to add or mention regarding the activity?

Can you provide the revised final version of the activity as a single piece?
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Appendix 3. Command (C) Type Prompts Used in the Study

1.

ok wd

10.

11.
12.
13.
14.
15.
16.
17.
18.

Using the provided activity template, write an activity aligned with the following learning
outcome:

MAT.6.3.2. Ability to make inferences about the properties of shapes formed by two parallel
lines intersected by two transversals using mathematical tools and technology

a) Make assumptions about the properties of shapes formed by two parallel lines intersected by
two transversals.

b) List the resulting shapes according to their various properties.

¢) Compare the shapes with your assumptions by considering side and angle properties.

¢) Provide propositions regarding the sum of the interior angles of the shapes formed and the
common properties of trapezoids, parallelograms, rhombi, rectangles, and squares.

d) Evaluate the contribution of the propositions to the classification of quadrilaterals.

Write the suggested duration for carrying out this activity.

Clearly state the objective of the activity.

Write the teaching—learning methods and techniques to be used in the activity.

Write the tools, materials, and references used in the activity.

Elaborate on the preparation phase (attention-getter) of the activity. (This may include a real-life
example, visual, discussion question, video, etc., related to the targeted mathematical concept.)
Elaborate on the implementation phase of the activity. Add the instructions and questions to this
section. Then, describe the implementation process of the activity. The implementation phase
should include the expected student responses, potential misconceptions, and feedback in case of
difficulties.

Elaborate on the conclusion phase of the activity. In this section, write how you plan to assess
the learning related to the targeted mathematical concept/idea. (This may be a question, problem,
survey, etc.)

Write in detail the responsibilities of the students in the activity.

Design the activity in a way that strengthens its “inclusiveness” by ensuring the participation of
all students.

Develop the “mathematical depth” of the activity.

Develop the “complexity” of the activity.

Make the “mathematical dimension” of the activity explicit.

If you identify any missing or improvable aspects of the activity, explain them.

Write suggestions to improve the missing or improvable aspects.

Give an engaging title to the activity.

Add any additional remarks if necessary.

Provide the revised final version of the activity as a single piece.
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Appendix 4. Chat Texts with Gemini 2.5 Pro and Request Prompts

Prompt
Types

Chat Text with Al*

Gemini

(R)

Prompt: What is the duration you recommend for the implementation of this activity?

An excellent question!

The duration | recommend for this activity, as | also indicated in the lesson plan, is two class periods,
totaling 80 minutes (40 + 40 minutes).

The reason | recommend this duration is my desire to provide students with sufficient time, as required by
the nature of the constructivist approach:

The first 40 minutes; is generally ideal for the stage of arousing curiosity, making assumptions, and initial
exploration (playing with materials or GeoGebra).

The second 40 minutes; is allocated for steps that require more in-depth thinking, such as analyzing the
collected data, inter-group discussion, reaching generalizations, and classifying quadrilaterals.

In this way, students find the opportunity to learn without rushing the topic, by internalizing it, and most
importantly, by discovering it themselves.

Prompt: Could you clearly state the aim of the activity?

Certainly, let me state the aim of the activity more clearly.

The primary aim of this activity is to enable students to discover these properties themselves, like
explorers, rather than having them memorize the properties of quadrilaterals as a list.

To explain in more detail, we can gather the aims under these three headings:

Discovering Through Concrete Experience: Instead of reading an abstract definition, students create two
parallel lines and two transversals with their own hands using tools like GeoGebra or straws. When they
change the positions of these transversals, they directly observe how the sides and angles of the resulting
quadrilateral change. In this way, they “discover” by seeing for themselves, for example, why the opposite
angles of a parallelogram are equal.

Fostering Generalization Skills: They do not just create a single quadrilateral and stop. They produce
many different quadrilaterals (trapezoid, parallelogram, rhombus, rectangle) by using transversals with
different slopes. By comparing the data (angle and side measurements) they collect from these different
examples, they arrive at general rules and propositions such as, “Apparently, the sum of the interior angles
of all the quadrilaterals we created is 360 degrees,” or “When we make the opposite sides parallel, the
opposite angles always equal too.”

Making Meaningful Classification: At the end of the activity, students make inferences such as, “To create
a rectangle, we needed to make the transversals parallel to each other and perpendicular to the parallel
lines. This means a rectangle is a special shape whose opposite sides are parallel.” In this way, they
establish the hierarchical relationship among quadrilaterals (such as every square being a rectangle, every
rectangle being a parallelogram) on a logical foundation, without memorizing.

In short, the aim is not to give them the rule “The opposite angles of a parallelogram are equal”; it is to let
them experience the excitement and permanence of finding this information themselves.

Prompt: What are the teaching-learning methods and techniques you will use in the activity?
Certainly, let me explain the teaching-learning methods and techniques I will use in this activity and why 1
prefer them. As | also indicated in my lesson plan, this activity relies on several fundamental, intertwined
techniques:

Discovery Learning: This is the main philosophy of the activity. Instead of directly telling students the
properties of quadrilaterals, | present them with a problem situation (parallel rails) and exploration tools
(GeoGebra, ruler, etc.). My aim is to enable them to find the rules and relationships themselves by
generating hypotheses, conducting experiments, and analysing results, just like a mathematician.
Knowledge becomes much more permanent and meaningful this way.

Collaborative Learning: The reason | have students work in groups is my belief that learning is a social
process. Within the group, students listen to each other's ideas, defend their own thoughts, encounter
different perspectives, and reach the solution together. This process both develops their mathematical
communication skills and allows them to learn from one another.

Question-Answer Technique: The question-answer here is not a traditional structure where | ask a
question and the student gives the single correct answer. | rather ask open-ended questions that encourage
thinking, such as “Why do you think so?”, “Did anyone find a different result?”, “What do we need to
change to make this shape a rectangle?”. My aim is to reveal their thought processes and ensure they
conduct a more in-depth analysis.

Brainstorming: I use this technique at the very beginning of the activity when I ask “What do you see?”
based on the train track photograph and ask for their hypotheses about possible shapes. The purpose is to
activate students' prior knowledge, unleash their creativity, and maximize their curiosity for the lesson.
Technology-Assisted Instruction: The reason | use dynamic geometry software like GeoGebra is that it
offers students the opportunity to concretize abstract concepts and receive instant feedback. When a
student changes the angle of a transversal, they see how the other angles of the quadrilateral change
instantly. This dynamic interaction allows them to test their hypotheses immediately and incredibly
accelerates and enriches the discovery process.
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Appendix 5. Chat Texts with Gemini 2.5 Pro and Command Prompts

Gemini

©

Prompt: Write the duration you recommend for the implementation of this activity.

The duration | recommend for this activity, as | also indicated in the plan, is a total of 80 Minutes (2 Class
Periods). The reason | recommend this duration is that we need to provide students with sufficient time in a
constructivist activity. This duration is ideal for them to explore without rushing, discuss among
themselves, test their hypotheses, and make sense of their findings. Generally, the first class period aims
for exploration and application, while the second class period aims for compiling the findings and arriving
at generalizations.

Prompt: Clearly state the aim of the activity.

Certainly, in the lesson plan | prepared, | stated the aim of the activity as follows: The aim of the activity is
for students to discover the quadrilaterals they create with two parallel lines and two transversals using
dynamic geometry software or concrete materials, to formulate and test their own hypotheses regarding the
side and angle properties of these quadrilaterals, and to grasp the logic of classifying quadrilaterals based
on these properties. In short, my aim is not to have them memorize rules, but to enable them to discover
these rules themselves, like geometry explorers, and to understand the “why.”

Prompt: Write the teaching-learning methods and techniques you will use in the activity.

Certainly. In this activity, in line with my constructivist philosophy, I will use a combination of various
student-centered methods and techniques. As | also indicated in the lesson plan, these are:

e Discovery Learning: This is the core strategy of the activity. Instead of directly telling students
the properties of quadrilaterals, | provide them with an exploratory environment to find these
properties themselves.

e  Collaborative Learning: Having students work in small groups encourages them to learn from
one another, exchange ideas, and co-construct knowledge.

e Question-Answer: Throughout the lesson, I use critical questions such as “Why?”, “How?”,
“What else could it be?” which are not based on rote answers and guide students to think and
inquire.

e Discussion: | deepen learning by creating an environment, both within groups and in the whole
class, where students present and defend their findings and propositions, and share their ideas.

e Brainstorming: At the very beginning of the activity, | use this technique to activate students'
prior knowledge on the subject and to form their initial hypotheses.
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Appendix 6. Chat Texts with ChatGPT-5 and Request Prompts

ChatGPT
(R)

Prompt: What is the duration you recommend for the implementation of this activity?

For this type of exploration and discussion-based activity, | can recommend a total duration of
approximately 2 class periods (80 minutes):

Engaging Attention (5-10 min): Introduction to the topic and arousing curiosity with visuals from daily
life.

Application (50-55 min):

Creating parallel lines and transversals with GeoGebra or paper-drawing (10 min)

Making hypotheses and taking measurements (15 min)

Listing results and group discussion (15 min)

Writing and sharing propositions (10 min)

Conclusion/Assessment (15 min): Groups presenting their posters/work, teacher's reinforcement.

If the use of technology (interactive whiteboard, tablets, GeoGebra) is not common in the classroom, the
same activity can be done on paper with a ruler and set square; in this case, the duration could be kept
slightly longer (approximately 90 minutes).

If you wish, I can also adapt a shorter version for you that can be implemented within a single class
period (40 min). Would you like this?

Prompt: Could you clearly state the aim of the activity?

Of course, we can state the aim of the activity clearly as follows:

Aim of the Activity

The aim of this activity is for students to examine the quadrilaterals (trapezoid, parallelogram, rectangle,
rhombus, square) formed when they intersect two parallel lines with two transversals, utilizing
mathematical tools and technologies,

to make hypotheses regarding the angle and side properties of these quadrilaterals,

to verify or falsify their hypotheses by taking measurements,

to develop propositions from the results they obtain, and

to evaluate how these propositions, contribute to the classification of quadrilaterals.

In other words, the activity aims to guide students toward discovering, experimenting, and making their
own mathematical inferences, rather than providing them with ready-made knowledge.

If you wish, I can also write this for you converted into student learning outcomes (e.g., “the student will
be able to...”). Would you like that?

Prompt: What are the teaching-learning methods and techniques you will use in the activity?

The teaching-learning methods and techniques we can use for the activity are as follows:
Teaching-Learning Methods and Techniques

Constructivist approach: To enable students to make their own discoveries and to connect their prior
knowledge with new information.

Question-answer: To encourage students to think, express their hypotheses, and discuss through open-
ended questions directed at them.

Collaborative learning: To ensure they work in small groups to make drawings, measurements, and
inferences.

Discovery learning: To allow them to create the shapes themselves and find their properties using
GeoGebra or drawing tools.

Discussion and peer learning: For groups to share their findings with the class and for different
interpretations to be evaluated together.

Technology-assisted learning: To concretize their experiences using dynamic geometry software
(GeoGebra, interactive whiteboard applications, etc.).

This combination enriches the activity in terms of both active participation and connection to daily life.
If you wish, I can place these into the template you provided in a lesson plan format as bullet points.
Would you like me to do that?
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Appendix 7. Chat Texts with ChatGPT-5 and Command Prompts

ChatGPT
(R)

Prompt: Write the duration you recommend for the implementation of this activity.

It is appropriate for all stages of this activity (engaging attention, group work, hypothesis—experiment—
comparison, class sharing, and assessment) to be completed within 40 minutes.

Thus, the recommended duration is: 1 class period (40 minutes).

If you wish, | can also create a more detailed timeline, expanding this to 2 class periods (80 minutes).
Would you like this?

Prompt: Clearly state the aim of the activity.

Certainly. Here is the aim of the activity:

Aim: For students, utilizing mathematical tools and technologies, to discover the quadrilaterals formed
by two parallel lines and two transversals, to develop hypotheses about the angle and side properties of
these shapes, to reach generalizations by comparing the results they obtain, and to evaluate how these
generalizations contribute to the classification of quadrilaterals.

If you wish, I can also write this aim for you in a more student-centered and concise statement. Would
you like that?

Prompt: Write the teaching-learning methods and techniques you will use in the activity.

Of course. The teaching-learning methods and techniques to be used in the activity are as follows:
Constructivist approach (the student actively discovering and constructing knowledge themselves)
Hypothesize—test—verify method

Group work and collaborative learning

Question—-answer

Technology-assisted learning (GeoGebra, interactive whiteboard, etc.)

(3 If you wish, I can also organize this list in a concise and formal “bullet-point” manner suitable for
the table in the lesson plan. Would you like me to do this?
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Appendix 8. Activity Evaluation and Feedback Tool (Bozkurt et al., 2022)

Rating Criteria

Components Very Low . . . High
(0 points) Low (1 point) Medium (2 points) (3 points)
The activity has Although there are .
) multiple 2. The intended
The intended . uncertainties about the
Intended unrelated foci, . outcome or
outcome or . intended outcome or
Outcome or leading to h product of the
product of the - product, following the AR
Product of the A ambiguity about X . activity is
o activity is not . instructions or completing
Activity the intended ; . clearly
understandable. the steps gives a partial
outcome or . understandable.
understanding.
product.
The material is The material is The material is
Material neither functional The material is not useful.  functional and

nor useful.

not functional.

useful.

Instructions

The instructions
are not coherent
or executable,
making it
impossible to
evaluate the
intended outcome

The instructions
are coherent,
but problems
and/or
uncertainties
exist in reaching
the intended

The instructions are
coherent and allow access
to the intended outcome,
but they contain extra or
irrelevant steps.

The
instructions are
coherent,
coherent, and
allow access to
the intended

of the activity. outcome. outcome.
Student
Student Student responsibilities responsibilities
Student responsibilities  are clearly expressed but are clearly
Responsibility responsibilities are vaguely limit students’ expressed and
are not specified.  expressed with  opportunities for active allow active

uncertainties.

participation.

participation in
the process.

Inclusiveness

The activity
contains elements
that prevent
almost all
students from

The activity
allows only
certain types of
students to

The activity allows most
students to participate, but
some students remain
excluded.

The activity
allows all
students the
opportunity to

participating. participate. participate.
Mathematical Potential of the Activity Text
Intended The intended The activity has  Although there are The intended
Outcome/Product  outcome or multiple uncertainties about the outcome or
of the Activity product of the unrelated foci, intended outcome or product of the
activity is not leading to product, following the activity is
understandable. ambiguity about instructions or completing  clearly
the intended the steps gives a partial understandable.
outcome. understanding.
Material The material is The material is ~ The material is not useful. ~ The material is

neither functional
nor useful.

not functional.

functional and
useful.

Instructions

The instructions
are not coherent
or executable,
making it
impossible to
evaluate the
intended outcome
of the activity.

The instructions
are coherent,
but problems
and/or
uncertainties
exist in reaching
the intended
outcome.

The instructions are
coherent and allow access
to the intended outcome,
but they contain extra or
irrelevant steps.

The
instructions are
coherent,
coherent, and
allow access to
the intended
outcome.
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