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ABSTRACT KEYWORDS
This research explored Large Language Models potential uses on formative assessment for mathematical Formative Assessment,
problem-solving process. The study provides a conceptual analysis of feedback and how the use of these models ChatGPT, Linear
is related in the context of formative assessment for Linear Algebra problems. Particularly, the performance of Algebra, Math Word
a popular model known as ChatGPT in mathematical problems fails on reasoning, proofs, model construction, Problems, Polya’s
among others. Formative assessment is a process used by teachers and students during instruction that provides Strategy, Prompt
feedback to adjust ongoing teaching and learning to improve student’s achievement of intended instructional Generator.

outcomes. The study analyzed and evaluated feedback provided to engineering students in their solutions,
from both, instructors and ChatGPT, against fine-grained criteria of a formative feedback model that includes
affective aspects. Considering preliminary outputs, and to improve performance of feedback from both agents’
instructors and ChatGPT, we developed a framework for formative assessment in mathematical problem-
solving using a Large Language Model (LLM). We designed a framework to generate prompts, supported by
common Linear Algebra mistakes within the context of concept development and problem-solving strategies.
In this framework, the instructor acts as an agent to verify tasks in a math problem assigned to students,
establishing a virtuous cycle of learning of queries supported by ChatGPT. Results revealed potentialities
and challenges on how to improve feedback on graduate-level math problems, by which both educators and
students adapt teaching and learning strategies.
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I. INTRODUCTION assessment [11]. It can also improve meaningful learning by assigning
writing tasks [12], generate code explanations [13], or build up critical
ARGE Language Models (LLM) and the emergence of the popular  thinking by asking students to analyze responses of ChatGPT [14].
ChatGPT, GPT-3.5 and GPT-4 by OpenAlI [ 1] have spread significant
developments in the context of Natural Language Processing. The
underlying technology is becoming a meaningful turning point in the
field of education [2].

Moreover, the use of this technology could support the generation
of statistical reports with measurements of skills and knowledge [15].

Nevertheless, implementing Al-based initiatives in education
requires meticulous modeling and evaluation to ensure their
effectiveness in supporting academic improvement [16]. While LLM
has shown its accuracy as above mentioned, when reasoning tasks
engage in the realm of solving math word problems, ChatGPT may
provide erroneous outputs, presentation of false information as
truth in cognitive tasks [17] or causing variations in motivational or
metacognitive effects [18], elicited by feedback. Consequently, the
accuracy of feedback to help students could be compromised.

Users enter clear commands or prompts to receive a wide range
of natural-language tasks extending from text, image, videos, or code
[3]. Such Al-driven educational dialogues have the potential to be a
tool in education, as shown by the growing body of research, where
attention focus in the improvement of active and personalized learning
experience, reinforcement of learning, and assistance of the teaching
processes [4] [5].

For instance, the rapid success of ChatGPT in a noticeably brief time
seems to be an extremely useful tool to provide simple explanations of /- Math Word Problems
complex concepts [6], generate interactive educational materials like Verbal narratives, often expressed through less accurate
quiz questions and draft scripts for classes [7] [8]. Also, this technology  descriptions, refer to math word problems presented in educational
can summarize longer texts [9], emphasize relevant content in a subject  settings. These sorts of problems offer a comprehensive indicator of
[10], provide learning through examples and generate formative mathematical skills [19], exemplified in admissions exams designed to
assess mathematical literacy.

Word problems present a realistic context described in a few sentences,

where questions or dilemmas are sometimes accompanied by symbols,
graphics, and pictures. Solving them requires applying mathematics [20].
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The relevance of math word problems has increased because
they support learning over math areas, for instance, algebra, linear
algebra, counting and probability, geometry, number theory or
intermediate algebra.

Also, math word problems can strengthen the potential of math
learning over different subjects and aim to gain experience in
accordance with their organization by complex levels of thinking and
reasoning through solving problems strategies [21] [22].

As math word problems usually present a textual format enriched
by models and formulas, textbooks constitute a fundamental part of
the teaching-learning process in the classroom, likewise, they serve
as a basis for generating more balanced recommendations on the type
of skills that one wishes to develop in the engineering student [23].

Given that books are a dominant educational resource that
instructors review and use in teaching mathematics, these sources
should facilitate opportunities for students to gain experience in
problem-solving or developing new learning strategies or methods,
for instance, based on common math mistakes [24][25].

In particular, and aligning with the purposes of this paper, one
can use books of math word problems as a benchmark to evaluate
performance of various methods. This includes examining responses
when solving math word problems, considering not only accuracy, but
also within the context of formative assessment [26].

B. Polya’s Strategy

For the provision of thorough feedback and constructive
improvement suggestions, we advocate the application of Polya’s
problem-solving  strategy. Introduced by the distinguished
mathematician George Polya, this approach comprises four key steps.
These four fundamental steps can address intricate mathematical
problems in a structured and systematic manner, and encompass:

+ Understanding the Problem: Begin by thoroughly understanding
the problem statement, identifying the knowns and unknowns,
and clarifying any ambiguities.

Find a strategy: Develop a clear and organized plan to solve
the problem. This may involve drawing diagrams, breaking the
problem into smaller subproblems, or considering similar problems
you have encountered before.

Execution: Implement your plan step by step, performing
calculations and logical reasoning to work towards a solution.

Looking back: Once you have a solution, review, and verify it
for accuracy. Ask yourself if the answer makes sense, if it aligns
with your initial understanding of the problem, and if there are
alternative approaches or insights that could provide further
understanding.

C. Formative Assessment

Research on formative assessment has expanded in a continuum,
since Black and William [27] emphasized the need to better understand
assessment for learning, as a mean to facilitate interactions between
teacher, technology, and students within a learning environment that
provides information for the student and teacher about the learner’s
performance.

Through formative assessment, and in particular by means of
feedback, one could raise standards and improve learning, based
on the approach of evidence, as an important opportunity to close
the gap between current and desired performance by generating
valuable information to both, teachers and students, consequently,
yielding meaningful activities [28] [29]. Moreover, researchers
have considered formative assessment as an influence on future
performance [30][31].

To identify concepts involved in providing effective feedback, some
authors [32] found models and characteristics of feedback, where
some of the most cited authors are Hattie and Gan [33]. Additionally,
Jonsson, Panadero and Lipnevich [34] [35] proposed a model, also
instructional recommendations linked to different types of feedback:
tasks (refers to understanding and performance when doing a task),
process (the strategy needed to understand or perform a task), self-
regulation (regulation of actions), and self (personal and affective
aspects) [32].

Normally, teachers typically provide feedback such as comments
related to the task and the self-level (personal). It is not common for
them to offer comments on a solution process needed to perform
the task, or at the metacognitive level (self-regulation), oriented to
regulate and actively engage students’ own learning [34].

More recent definitions on feedback associate tasks with
information, considering it as the essence of feedback: instructors
communicate it to the student with the intention of modifying his/her
behavior linked to the learning. Jonsson and Panadero [34] consider as
relevant components: information, gap, involved agents, and students
active processing. In the latest definitions and models, Carless and
Boud [36], also include similar components and oriented on how to
help students to use the feedback.

From that point, Lui and Andrade [30], Panadero and Lipnevich
[28], and Boud [37] posit the interaction of additional factors involved
in formative assessment, which include internal process of the learner,
such as motivation, and emotions elicited by feedback. These factors
are related directly to behavioral response and academic achievement.

In this sense, the general model of Hattie and Gan [33] might be
useful for the specific area of math word problems [38]. Despite the
model of Panadero [28] requiring more research, their integrative
model of feedback includes affective, motivational, and self-regulated
learning processes that represent an important aspect when learning
mathematics.

D. Purpose of the Study

Feedback is essential for formative assessment in the context of
math word problems [38], and the intention goes toward identifying
what constitutes valuable feedback, critical attributes for receptiveness
and effective use of feedback supported by LLM.

It seems LLM can enhance formative assessment through machine
capabilities [39][40], where some stages might occur; (a) students solve
math word problems through prompts, (b) ChatGPT receives answers
or queries from students (full or partial), (c) the analysis carried out
by the LLM models that involves summarizing and interpretations
to feedback, and adaptation, as the information oriented to adjust
teaching and learning [41].

As noted, ChatGPT can provide general answers, however
math problems require precision and attention, and even the most
insignificant mistake can lead to incorrect answers and frustration.

Therefore, when experienced instructors identify common math
mistakes, this could lead to valuable learning opportunities.

The objective is to develop a framework for formative assessment
in mathematical problem-solving using LLM. This framework aims
to generate prompts, supported by common Linear Algebra mistakes
within the context of concept development and problem-solving
strategies.

The objective of this research is to highlight the conjunction
between teacher evaluations and their integration with ChatGPT
during an evaluation process. We took this initiative driven by the
observed underperformance of students in Linear Algebra. The study
aims to leverage the combined strengths of both human teaching
expertise and ChatGPT’s language model capabilities, enriched by
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the collective teaching experience. The underlying assumption is
that through an adequate and comprehensive assessment involving
both agents, teachers and ChatGPT, the student performance can be
enhanced, potentially alleviating negative emotions associated with
studying this subject.

We focus on examining feedback in math word problems and
evaluate the potential of ChatGPT, when oriented with prompts in the
process of solving mathematical problems. Two main questions are:
What is the contribution of ChatGPT or the instructor in formative
assessment considering its appropriate components? and is it possible
to propose prompts based on a methodology that includes knowledge
of common errors and formative components?

In the following sections, based on the theoretical and empirical
background, also, from research questions, we present the research
method and main results.

Finally, we discuss theoretical, methodological, and practical
implications in the context of math learning and formative assessment
supported by LLM.

II. METHODS

A. Materials

To conduct this experiment, we chose the subject of Linear Algebra
due to its recognition as a relevant mathematics. However, students
find its learning challenging. Also, teachers find it challenging to teach.

We used a popular book of Linear Algebra named “Linear Algebra
and its applications” by Lay and other authors [42] which includes a
special section “Practice Problems”. These problems serve to address
potential challenges within the exercises or serve as a valuable
prelude, and their solutions often include beneficial tips and cautions
concerning homework.

We implemented a distance learning class, where students had
to address, for this experiment, a set of five Linear Algebra practice
problems from the specified textbook, aligning with the curriculum
of a Linear Algebra course. Below, there are the five practice problems
arranged from the easiest to the most difficult:

Problem one. “Construct one different augmented matrix for linear
systems whose solution set is x1=-2, x2=1, x3=0".

Problem two. “Suppose the solution set of a certain system of linear
equations can be described as x1=5+4x3, x2=-2-7x3, with x3 free. Use
vectors to describe this set as a line in R3”.

Problem three. “Suppose a 4x7 coefficient matrix for a system of equations
has 4 pivots. Is the system consistent? If the system is consistent, how
many solutions are there?’

Problem four. “Suppose an economy has three sectors: Agriculture,
Mining, and Manufacturing. Agriculture sells 5% of its output to Mining
and 30% to Manufacturing and retains the rest. Mining sells 20% of its
output to Agriculture and 70% to Manufacturing and retains the rest.
Manufacturing sells 20% of its output to Agriculture and 30% to Mining
and retains the rest. Determine the exchange table for this economy,
where the columns describe how the output of each sector is exchanged
among the three sectors”

Problem five. “Let A be a 4 x4 matrix and let x be a vector in R4. What is
the fastest way to compute A" 2x? Count the multiplications”

These exercises included two at a basic level, two at an intermediate
level, and one at an advanced level. Additionally, a concluding question
addressed students’ emotional responses to the learning process,
encompassing emotions such as boredom, anxiety, anger, indifference,
and frustration [43], which have been identified as pertinent emotional
reactions to feedback in mathematical learning [29].

The process and results of each exercise, along with the emotion
expressed by the learner, when applicable, were used to formulate a
series of prompts. These prompts were designed to elicit feedback from
the student before the instructor’s review, considering both a problem-
solving approach and the identification of compound emotions.

B. Participants
Our experiment took place at the Faculty of Superior Studies
Aragon from the National Autonomous University of Mexico. The

online classes’ main goal is to improve knowledge, comprehension
and problem solving of Linear Algebra.

We invited thirty-five low performance students from Industrial
(60%), Mechanical (25%) and Electric-electronic (15%) careers to join
the Linear Algebra course; therefore, the sample was non-probabilistic.

The total duration of the course was 32 h with four sessions
per week. Three experienced teachers instructed students with
explanations of Linear Algebra’s fundamental concepts and resolved
problems to successfully tackle the set of five Linear Algebra practice
problems. Also, as requested, each of the instructors provided help to
participants during interventions with ChatGPT.

Furthermore, these three teachers contributed to review and
generate manual feedback to students’ responses. Finally, three more
teachers conducted a meta-evaluation of the feedback, as well as its
comparison with ChatGPT’s feedback.

The main function of ChatGPT was to provide explicit feedback
according to user’s prompts.

We informed all participants about the conducted experiment
and obtained their consent for data collection during the process,
including videotaping.

C. Tasks and Methods

As a first step, the participating students enrolled in a course of
two-hour. They also engaged in assessment exercises and responded to
surveys in which they provided information about their self-perception
of learning difficulties. As a result of this process, information about
whether the student has learned difficulties is stored in the “Common
Linear Algebra mistakes” (Table I).

Table I lists a sample of a few common Linear Algebra mistakes
related to concept development and problem solving. Three instructors
analyzed answers. We classified outputs in accordance with Polya’s
strategy [22] and provided exemplifications of recommendations for
students based on the prompts.

The diagram on Fig. 1, shows a general process to help the instructor
to give better feedback to students based on the Polya’s method, the
student’s emotion, and fundamental common Linear Algebra mistakes
as an entrance to LLM.

An expert in the math field is necessary to obtain effective feedback,
by identifying common errors of the math discipline, which are then
stored in the feedback database. In this case, we focus on Linear Algebra
problems and utilize the Polya’s method to identify whether the error
generated belongs to the comprehension (understanding the problem),
planning (find a strategy), doing (execute), or revision stage (looking
back). The instructor uses this information from the problem selection
and its solution, and adopts a multifaceted strategy encompassing
problem-solving processes, self-regulation, self-reflection, and the
acknowledgment of mistakes. Within this comprehensive strategy,
the instructor leverages these elements to generate prompts, seeking
enriched feedback from ChatGPT to provide more insightful and
constructive learning experience.

A relevant tool of LLM is the employment of natural language
processing to generate prompts. Particularly in the context of this
paper, establishing effective communication using LLM like ChatGPT
is of great relevance to obtain clear and concrete answers.
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TABLE 1. ExaMPLE OF FUNDAMENTALS COMMON LINEAR ALGEBRA MISTAKES AND PROMPTS RECOMMENDATIONS

Understanding the Problem Find a strategy Execute Looking Back
Doesn't identify what | Provide at least two different
the problem is descriptions of the problem
Can you explain me the concept of... .
Erroneous selection of Verify the outcome ...

Can you explain me the method... Why the method ... is appropriate

appropriate concepts Test the solution to solve the problem

and procedures Why the method ... is not appropriate

through method ...
to solve the problem
) Why is the solution effective? o
Doesn 't kn'ow how Express how the problem Why doesn't the proposed solution
to communicate the ”
. makes you feel cover what was expected?
solution )
How can I interpret the problem?
Can you belp me to identify if the
Do not identify the system is consistent, inconsistent, or
characteristics of a dependent?
system How can you identify that a system

is consistent, dependent or

Math problems
database

Feedback
Prot;\lfg?hi%wing d(:iabzge % / Matl} prtqb]em \ %
selection
\ -EL Learning
—
doubts goal

—» Instructor <1 - > Learner
: uestions .
verifies task a solution

Instructor /V \

Common linear ‘ Prompt generator ‘
algebra mistakes

T Learning experience
ChatGPT

Fig. 1. Framework for formative assessment using LLM for mathematical problems.

feedback

As we have mentioned throughout the document, it is important For instance, generic prompts are:
to provide formative assessment to the student and provide some

Prompt 1: [ am (1) the interest is in the following math problem (i).
enriched prompts that the student can use with LLM.

Prompt 2: For the given problem consider the (ii) at the phase of (iii), use
To elicit an appropriate and constructive response from ChatGPT for (iv) for (v).

students, one effective approach involves crafting specific questions.
These questions serve to generate targeted feedback, incorporating
motivating elements that enhance the overall quality of the student’s ~Prompt 4: Request some resources...

Prompt 3: Identify the process stage to improve...

training. Some examples for prompt generation are in Fig. 2.
According to the prompt generation stage, the required
information is: Prompt 1

I am a teacher of Linear Algebra for engineering bachelor the interest

is in the following math problem: “Construct an augmented matrix for

2. Criterion linear systems whose solution set is x1=-2, x2=1, x3=0", test the following
“4x1+6x2+3x3=-2, -2x1+5x2+2x3=9 and x1-7x2+4x3=-9"

1. Teacher Role and Course Features

i. Give the problem and the correct solution

.. . s Prompt 2

ii. Solving process: Polya’s strategy For the given problem consider the Polya’s solving process at the phase of
iii. Solving process stage: compression, planning, doing or revision “problem understanding”. Use adequate tone and accuracy for a frustrated
iv. Specify self-regulation: detail, precision, and tone student.

v. Specify Self: student emotion and recommendations Prompt 3

For the given problem consider the Polya’s solving process at the phase of

vi. Emphasize the mistake “search strategy”. Use adequate tone and accuracy for a frustrated student.

3. Give the task (problem and solution) to ChatGPT

Prompt 4
4. Request ChatGPT, with the information numbered as 1, 2 and 3, to Give me recommendations for public link resources for the students to
generate a teaching strategy improve “search strategy” for “matrices”

5. Request ChatGPT to exemplify the strategy according to step 3. Fig. 2. Example of prompts generation.
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To examine the performance of both agents (ChatGPT and teachers)
on math word problems in the context of formative assessment we
based on the models of Hattie and Timperley [32] to structure relevant
components on feedback, in the sense to reduce gaps between current
understanding or performance and the learning goal. Furthermore, this
study delves into the association of emotions triggered by feedback
and self-regulation [29][34], as outlined in a well-established model
for mathematical word problems. It analyzes the intricate process
of solving these problems, emphasizing a thoughtful and systematic
approach for complete comprehension [20]. The results are presented
in the following section.

III. RESuLTs

We present the results of the analysis conducted on the feedback
from ChatGPT and the teachers in Table II. As observed, we
transformed the model components of Hattie and Gan [32] (Task,
Solving Process, Self-regulation, and Self) into a sequence of yes-no
response questions, which were then used for the assessment.

As seen in Table II, in the ‘Task’ component, teachers outperform
ChatGPT, with an 85% accuracy compared to ChatGPT’s 40%. Despite
ChatGPT being capable of solving all five problems when requested
individually, it makes errors when reviewing solutions generated by
others. For instance, one of the most frequent errors was erroneously
grading an incorrect student’s response as correct.

TABLE II. EVALUATION OF FORMATIVE ASSESSMENT ON MATH WORLD

PROBLEMS
Frequency of Yes
Component Feedback Answer
ChatGPT | Teacher
Task Does the agent give a correct 40% 85%
answer?
Solving Does the agent provide elements 90% 10%
process | for understanding the problem?
e.g., verbal, schematic, tabular, and
SO on.
Does the agent model the problem? 90% 5%
Does the agent provide calculations 90% 5%
to resolve the model?
Does the agent interpret output(s)? 90% 90%
Does the agent evaluate the 90% 90%
solution?
Does the agent communicate the 80% 5%
whole solution?
Self- Does the agent show any sort of No Yes
regulation | self-management?
a) Awareness of own errors
b) Timing of feedback No Yes
c) Level of detail No Yes
d) Accuracy No Yes
e) Tone No Yes
Self Does the agent encourage 80% 60%
engagement/ commitment through
answers?
Does the agent promote self- 90% 90%
efficacy? (recommendations)

In the ‘Solution Process’ component, we observe that there are some
aspects in which ChatGPT shows better results than a human. This is
because, being an automated process, it can generate longer responses
tailored to each situation, including verbal elements to understand the
problem, model the problem, display the procedure’s calculations, and
most of the time, communicate a final solution. On the other hand,
human feedback was shorter (on average, three lines) and focused on
determining whether the result was correct or incorrect. In the latter
case, it briefly pointed out where in the procedure the student’s first
error occurred but did not provide an explanation of what the correct
solution and procedure should be.

It is important to note that the evaluators independently analyzed
the ‘task’ component within the ‘solution process’ component. For
instance, ‘Does the agent provide calculations to resolve the model?’ is
assigned ‘yes’ when the agent tries to include such calculations in its
feedback, regardless of whether they are correct or not.

In the ‘Self-regulation’ component, evaluators decided that
it was challenging to assess these aspects individually in each of
the samples and that a global conclusion had to be drawn for the
complete set of results.

The conclusion was that although ChatGPT can regulate aspects
such as tone, the level of detail in the response, etc., this is done as
part of the prompt generation. However, this is externally imposed
regulation by a human and not self-regulation. In the case of the
teachers, there was no indication of a response that was out of context
in terms of tone, level of detail, etc. According to the meta-evaluators
of the experiment, all the responses provided by the humans would be
the responses a teacher would typically give in a classroom.

Finally, in the ‘Self’ component, we can observe that ChatGPT
always considered the result of emotion interpretation to craft
feedback and included elements to encourage engagement and
promote self-efficacy. In this regard, it is notably contrasting that
the teachers’ responses did not exhibit elements indicating that they
considered the emotional state of the student, and the feedback was
focused on problem-solving.

In the same phase of the experiment, as noted when the difficulty
of problems increased, frustration is the most common emotion as
shown in Fig. 3.

Students’ exhibited emotions

N
o oS

Frequency

10
. il I i
o 1 | [ [ (M T 1x
Problem 1 Problem 2 Problem 3 Problem 4 Problem 5
H Boredom ™ Anxiety ®Anger Indifference ™ Frustration ® Other

Fig. 3. Students' exhibited emotions.

Fig. 3 shows emotions exhibited by participants and provides
frequencies of the experienced emotions by the students, during the
solution of set of five Linear Algebra practice problems, from number
one to five, as their complexity increase from less complex to more
complex.

The suggested emotions include boredom, anxiety, anger,
indifference, frustration, and others such as happiness or surprise. In
Fig. 3, the frequency of these emotions experienced in each problem
of increasing complexity is illustrated. As observed, anxiety decreased
as the complexity of the problem increased. This suggests that, as
students progressed in solving the problem, they were more focused
on the task at hand.
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The emotion of boredom remains constant throughout the problem-
solving process, diminishing only in the most complex problem.
The same pattern is observed for anger. Indifference increases from
problem one to problem three and then decreases from problem three
to problem five. In the case of frustration, it consistently increases with
each new problem and experiences a significant spike in the final one.
As observed, frustration appears to be the emotion that could have
had the most pronounced negative impact on the group, theoretically
suggesting that their performance did not improve.

Fig. 4 shows that four students did not answer any problem, and
nineteen answered three problems.

Number of answered problems by 35 students
20

Students

2 3

Number of problems

1

. | H Bu
0 4 5

Fig. 4. Number of answered problems per participants.

Fig. 4 illustrates the distribution of students who answered a certain
number of problems. The cumulative frequencies within the group of
thirty-five students are as follows: four students did not solve any
problem, two students answered one problem, four students answered
two problems, nineteen students answered three problems, three
students answered four problems, and three students successfully
completed all five problems.

IV. DiscussioN

ChatGPT is an appropriate tool to provide more effective formative
feedback due to the inclusion of four main aspects: tasks, problem
solving, self- management, and self.

Interpretation of Fig. 3 and Fig. 4 suggests that there is a need for
reinforcement and improvement in students’ performance concerning
knowledge, attitude, and dominant emotions [11][13].  This
interpretation is attributed to a low proficiency in Linear Algebra, lack
of comprehension of the problems, and a prominent level of distraction
hindering performance improvement. Based on these findings, the
recommended approach for the instructor is to prioritize feedback,
incorporating both quantitative and qualitative criteria of formative
assessment. Implementing strategies like Polya’s problem-solving
method can aid in enhancing student understanding and regaining
their self-confidence.

As seen, in mathematical problems, when ChatGPT is employed
independently, its performance is low. Something similar happens to
the instructor. However, through the employment of the framework
that includes both agents, feedback could improve learning
outcomes. Additionally, the support of LLM for the students benefit
their motivation to continue their math studies and reinforce math
learning [26].

Nowadays, the use of these technologies is particularly
important, such as LLM and the adequate use of prompts generators.
Moreover, when the teachers function as a guide to construct them,
recommendations are strong [44][45].

The transformative impact of LLM on mathematics learning
presents key challenges that are central to the scope of this research,
as follows:

To effectively integrate tools like ChatGPT into educational
settings, it is imperative to establish explicit guidelines encompassing
teaching and learning assessment strategies.

Specifically, within the realm of evaluation, ChatGPT tools should
play a role in fostering critical thinking and logical reasoning,
particularly in STEM careers, where disruptive technologies, such
as those facilitated by Al, contribute to innovative and creative
environments.

Considering this, prompt engineering becomes essential for
shaping the approach to queries directed at ChatGPT. Well-crafted
prompts should provide resources, such as relevant books available
on the web, and adhere to a clear structure akin to the one proposed
by the authors of this paper. This approach ensures that the generated
answers are not only accurate but also engaging. The teacher’s role is
pivotal in this phase, serving as a verifier to confirm the correctness of
the responses, as verified by the three teachers during the experiment.

For students struggling in mathematics, experiencing emotions like
frustration and indifference that negatively impact their performance,
ChatGPT can serve as a valuable tool. Leveraging a more human-
like interaction through conversational agents, it has the potential to
promote motivation and reinforce positive emotions.

V. CONCLUSION

Undoubtedly, the use of AI technologies with LLM represents
a tool for educative support, as shown with the proposed feedback
framework to improve formative assessment.

As final recommendations at the level of tasks, the instructor could
propose a math word problem and assign it to the student. After the
student solves it, the teacher reviews and provides regular feedback.
The student asks ChatGPT to become an immersive choose-your-own
task. The purpose is to reinforce the prior knowledge of the student.

For self- regulation, and from obtained feedback, students reflect
and communicate about the mathematical task. Students ask ChatGPT
to generate structured activities to correct his/her performance, and
to encourage them to think about their learning process and math
progress. Therefore, the use of ChatGPT to generate feedback is
tailored to each student’s needs and goals.

Another conclusion is that the teacher should encourage students
to self-assess, reflect, and monitor their math work. The teacher asks
ChatGPT to generate self-assessment tools, such as rubrics or the
entire process for solving a math word problem that helps students
evaluate their own work.

Finally, at the personal level, from provided feedback, the teacher
asks ChatGPT to generate follow-up activities that encourage students
to apply the feedback they have received.

For self-regulation, students engage in reflective practices based
on feedback received. They utilize ChatGPT to request structured
activities aimed at correcting their performance and fostering
thoughtful consideration of their learning process and mathematical
progress. Consequently, the use of ChatGPT for feedback generation
is tailored to each student’s individual needs and goals.

Alternatively, teachers can empower students to self-assess, reflect,
and monitor their mathematical work. In this scenario, the teacher
prompts ChatGPT to generate self-assessment tools, based on Polya’s
problem-solving strategy, such as rubrics or comprehensive guides for
solving math word problems, facilitating students in evaluating their
own work.

On a personal level, leveraging the feedback provided, the teacher
can instruct ChatGPT to generate follow-up activities. These activities
are designed to encourage students to apply the received feedback,
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promoting a more firsthand and practical application of their learning
experience, and reducing negative emotions that hinder academic
performance.

This personalized approach contributes to a more comprehensive

assessment tailored to individual learning needs, supported by Al
technologies.
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