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Introduction

The educational model in Tecnologico de Monterrey finds its foundation in Competence Based
Learning [1], which requires that our students must present evidence of learning beyond the
merely theoretical concepts of their courses. Competence based educational models are centered
in developing three dimensions of students: theoretical frameworks, application skills, and
attitudes and values [2], as depicted by Tecnologico de Monterrey’s definition of competence
shown in Figure 1. This combination of dimensions makes necessary a new form of delivering
contents to students and evaluating the correct development of competences.
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Figure 1. Definition of competence in Tecnologico de Monterrey.

A coherent integration of these three aspects allows students to demonstrate consistent behaviors
when performing tasks or assessments. This characteristic of students is desirable, since
consistent and repeatable behaviors towards educational activities imply the adequate
development of a competence and facilitate the acquisition of greater domain levels of such
competences [3]. Moreover, literature show that use of technology improves engagement of
students and allows a better development of competences [4], hence, developing technological —
based solutions for student’s learning is important to motivate competence development.

This evidence-based paper explores the use of Artificial Intelligence (Al), within a context of
Game-based learning, to develop mathematical competences in First Year Engineering students.
The research includes the used methodology for prompt engineering and the obtained results of
students’ performance and perception of the methodology.



Literature Review

Game-Based learning is a methodology used in education that employs games as teaching tools
[5]. Its use has been related to pedagogical benefits, such as the development of critical thinking
skills [6], development of team building skills, fostering knowledge acquisition [7], and
increasing motivation and engagement of students [8]

With the introduction of technology into the educational processes, methodologies such as Game
Based Learning are positively affected, allowing the teachers to create more dynamic, realistic,
and engaging activities [9]. Moreover, several authors have found that use of technology in
education that allows involving the student in real or simulated situations increases their
engagement and helps to develop competences and performance [2], [7], [10], [11], [12].

In recent years, Artificial Intelligence (AI) has been widely incorporated in education, which
provides a broad range of opportunities to create innovative learning activities [13]. Studies have
found that teachers often use Al for creating personalized learning experiences, providing quick
feedback to students, and creating unique learning environments [14]. One of the technologies
mostly used are the Generative Conversational Als, such as ChatGPT, which presents both,
benefits and concerns, towards its use in education.

Literature shows that ChatGPT 3.5, which provides free access to users, performs well under
contexts of business, economics, and programming topics, however, it has several flaws when
related to mathematics, which makes imperative a cautious use of the Al to develop competences
in the students [15]. However, several efforts have been made to use the technology as an
enhancer of mathematical skills such as mathematical reasoning and problem solving [16], [17].

One of the main implications in a successful implementation of ChatGPT activities in
mathematical contexts is in generating the correct prompt, to assure that the technology will
respond as expected by the teacher. Prompt engineering can be described as a combination of Al,
linguistics, and UX [18]. One of the possible frameworks to craft efficient prompts is CLEAR, a
5 components model depicted in Table 1, that stands for Concise, Logical, Explicit, Adaptive,
and Reflective [19].

Table 1. CLEAR framework for prompt engineering

Model Component Description
C Concise Prompts must be short and have clarity on what they state
L Logical Prompts must be structured and coherent
E Explicit Prompts must clearly specify inputs and outputs
A Adaptive Generating the prompt must be a flexible process that allows
for modifications as it is being created
R Reflective Prompts must be continuously evaluated, and changes made to

improve them through time




Methodology

As an important part of mathematical modelling, Tecnologico de Monterrey’s curricula imply the
solution of systems of differential equations. One of the specific models learned in the course is
an epidemiologic model used to predict the behavior of a disease. This system of differential
equations is known as the SIR model, which stands for: Susceptible people to contract the
disease, Infected people with the disease, and Recovered people who cannot contract the disease
again [20]. Therefore, we used the CLEAR framework to generate a prompt in ChatGPT that
introduced Game-Based Learning with a simulated problem designed to develop mathematical
modelling skills in First Year engineering students. The context of the game was the survival of a
world pandemic by analyzing the behavior of a fictitious disease while interpreting the rates of
change of the SIR model.

The prompt engineering process had six iterations, as shown in Table 2, in which the designed
prompts were concise, were intended to provide a logical structure, and asked for explicit results.
Each iteration allowed us to include more detail in the prompt and to redirect the objective of the
game towards the development of mathematical modelling skills.

Table 2. Iterations of prompt engineering process

provided for the game to start the
iterations

Iteration | Improvement Impact on game
1 Base prompt Provided basic game dynamics focused on
SIR model
2 Included specific rates of growth for | Provided a better framework for
the SIR model understanding the game and more detail in
the game
3 Possible scenarios after each decision | Provided a more realistic experience when
are generated as part of the game depicting the pandemic event
4 Random catastrophic events were Increased the difficulty of the game,
added to the game dynamics providing opportunities for modifying the
player’s strategy
5 Specific actions to counteract the Provided a more structured game that
pandemics effect from which the guided the player throughout the desired
player may select challenges
6 Specific limits and initial values were | Provided better control for the teacher to

direct the activity towards intended
learning purposes

The final prompt had a five steps logical structure, as shown in Figure 2, which contained: an
introduction, where the context of the game is explained; a gameplay dynamics section, where
the rules of the game and the main story is established; actions to take, where the participation of
the student is defined and the range of possible solutions is established; a game end section,
where conditions for the game to finish are defined; and a scoring and Feedback section, where
we specify what kind of feedback must be given to the students.
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Figure 2. Prompt logical structure

This final prompt for the designed activity is provided below, with each of the logical steps
indicated in brackets, but not intended to include in the prompt. We encourage readers to try it on
ChatGPT to experience the game and to introduce variations for being applied in other courses:

[Introduction] Act as a role-playing game. I will take on the role of a famous epidemiologist
tasked with managing a global epidemic. To play my role, I must analyze and interpret results
from the SIR model.

[Gameplay dynamics] You will create an initial situation of the pandemic and tell me the data for
(S) susceptible, (1) infected, (R) recovered, and the trend of the variables (S), (I), and (R). In the
initial situation, the population will not exceed 100,000 inhabitants, and the initial number of
infected must be between 10 and 20% of the population.

You will ask me how to interpret the results of the SIR model and what action to take based on
that interpretation. On each occasion, you will give me 3 possible actions to choose from. The
chosen action will result in an increase or decrease in the number of infected. After that, you will
update the SIR model, provide me with a scenario according to the decision made, and give me 3
new actions to choose from.

The growth of the infected occurs exponentially, with a high rate of relative growth. Random
catastrophic events will be incorporated, such as mass travel of infected individuals, infections at
sports events, defective vaccines, among others.

[Actions to take] Examples of actions to take include control measures, prevention measures,
vaccination schemes, pandemic declaration, end of the pandemic, and economic impacts.

[Game end] The game ends when the pandemic is controlled or when the disease affects the
entire population.

[Scoring and Feedback] Upon completion of the game, provide me with a score between 0 and
100 on how appropriate my decisions were for controlling the pandemic. Include suggestions on
how I can better interpret the SIR model based on the decisions I made earlier.

For the implementation of the Game-Based activity, we followed a quasi — experimental study
with a pre — test post — test analysis. The experiment involved 34 students that were enrolled in a
Mathematical Modelling course during 2023 August — September period. Students were
randomly divided in 2 groups: a control group of 8 students in which the modelling competence
was evaluated by exposure to traditional classes but without access to Artificial Intelligence; and
an experimental group with 26 students that, in addition to the same training of the control group,
were exposed to the designed game.



During the experiment, it was of our interest to analyze the performance of students with respect
to the Mathematical Modelling Competence. We focused in three skills of the competence:
Understanding the meaning of rates of change, Interpretation of graphs, and decision making
according to a mathematical model. Each skill was measured using an argumentative
questionnaire, in which students had to demonstrate their modelling competence by
understanding and applying mathematical concepts, without the requirement of performing
mathematical calculations.

The experiment was then divided into four phases, as shown in Figure 3: Pre — test, Game Play,
Exit Survey, and Post — test. During the Pre — test, both groups, control and experimental group,
solved the argumentative questionnaire, and their outcomes were recorded. Then, for the Game
Play, the experimental group played the designed game, in which the students took place of an
epidemiologist facing a world pandemic. The objective of the game was to select the optimal
alternatives by correctly interpreting functions’ behaviors and rates of change according to the
SIR model. During the Game Play phase, students entered the prompt into ChatGPT and selected
what they considered the best alternatives according to their analysis of functions and rates of
change. The game duration was about 15 minutes, after which they received feedback from same
ChatGPT to improve their decisions, and they discussed in teams what were the improvement
opportunities.

Immediately after playing the game, during phase 3 of the experiment, students answered an Exit
Survey that measured their perception of Easiness of playing the game, the Interactivity
achieved, how Enjoyable it was, and if their Curiosity was triggered. The instrument used was a
modified version of the questionnaire used by Carrion et.al. to measure acceptance of virtual
settings for learning [21]This survey allowed us to measure the acceptance of students towards
the use of Al during the activity.

At the final phase, the day after the game took place, students in the experimental group solved
another argumentative questionnaire, involving the same behaviors as before. Their performance
was recorded to compare those results with the ones of the pre — test.

Phase 1 Phase 2 Phase 3 Phase 4

ePre-test of eGameplay *Exit survey ePost-test of

mathematic using for mathematic
al modelling ChatGPT perception al modelling
skills of the skills

activity

Figure 3. Implementation phases of the experiment



Discussion of Results

We analyzed our results using a 95% confidence level and hypothesis tests for difference of
means. The results of the tests performed by the control group and the experimental group show
two findings: First, the experimental group presents a clear shift of scores when comparing the
pre-test with the post-test. Second, the control group, even it has a more disperse distribution of
scores, outperformed the experimental group. Figure 4 show the a 95% confidence interval of
scores in the three tests: pre-test, post-test, and control.

Interval Plot of Pre-test, Post-test, Control
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Individual standard deviations are used to calculate the intervals.

Figure 4. Confidence interval of mean scores: pre-test left, post-test middle, control right

Regarding to the first finding, a hypothesis test for paired difference of means at a 95%
confidence level for the pre-test and post-test scores allowed us to see a significant improvement
in students’ performance in the experimental group, with an average improvement of 20%, as
shown in Table 3.

Table 3. Hypothesis test for experimental group

Sample N Mean Paired diff StDev SE 95% ClI T-Value P-Value
Post-test 26 4.000 0.654 1.198 0.235 (0.170,1.138) 2.78 0.010
Pre-test 26 3.346

u_difference: population mean of (post - pre)
Hy: u_difference =0  Hj: u_difference # 0

However, regarding to the second finding, the comparison of results with the control group using
a 95% hypothesis test for difference of means does not present a significant improvement in the
mean score, as it can be seen in Table 4.



Table 4. Hypothesis test for experimental and control groups

Sample N Mean StDev SE Mean Diff 95% ClI T-Value P-Value
Post-test 26 4.000 0.748 0.15 0.000 (-0.917,0.917) 0.00 1.000
Control 8 4.000 1.07 0.38

u_difference: population mean of (post - control)
Hy: p_difference =0  Hj: u_difference # 0

The previous statistics clearly show that after the implementation of the proposed methodology
in the experimental group, the scores increased an average of 20% and the dispersion slightly
diminished in approximately 6%, as it can be seen in Figure 5. This shift to the right of the

distribution allows us to infer a positive impact of the methodology in the mathematical skills of
the students.
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Figure 5. Distribution of scores: pre-test in blue, post-test in red, control in green

Nevertheless, since both groups were exposed to the same traditional class format, which
involved theoretical explanation and exercise solving during class, the results point out a better
performance of students in the control group a priori to the experiment. Further research to verify
those factors that affect this outcome is necessary and will be considered in future studies.

However, to verify the reason why the experimental group did increase the mean score, we
analyzed individual questions from the performed tests to compare the three mathematical skills
considered in this research: Understanding the meaning of rates of change, Interpretation of
graphs, and Decision making according to a mathematical model.

The questions in the tests allowed us to analyze the specific skills of the mathematical modelling
competence within the experimental group. Each test contained five questions: 2 related to the
skill Understanding the meaning of rates of change, 1 related to the skill Interpretation of graphs,



and 2 related to the skill Decision making according to a mathematical model. An example of
question, related to the first of the skills, is given below:

The temperature of a cake changes at a rate of % = —2.3 °C/min. Most likely, the cake...

a) It’sin the oven
b) It's out of the oven
c) It’s already at room temperature

The comparison of the pre-test vs post-test shows that the improvement is not sustained equally
among all skills. We can see at Figure 6 that there is no improvement in “Understanding the
meaning of rates of change”, while “Interpretation of graphs” and “Decision making according to
a mathematical model” do present an improvement that can be interpreted as a better ability to
use mathematical data to graphically explain a problem and to obtain a solution from it. Table 5
reinforce this inference with a 95% paired sample hypothesis test for the difference of means. It
is possible to verify than only the last two skills present a significant change of mean.

Mathemathical modelling skills
95% Cl for the Mean
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- 1 !
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0.1
attempt pre post pre post pre post
meaning graphs solving

Individual standard deviations are used to calculate the intervals.
Results include rows where Control = 0.

Figure 6. Improvement of mathematical modelling behaviors

Table 5. Hypothesis test for mathematical skills

Skill Mean StDev SE Mean 95% Lower Bound T-Value P-Value
Meaning -1.43  39.06 6.60 -12.59 -0.22 0.585
Graphs 34.3 63.9 10.8 16.0 3.17 0.002*
Solving 19.52 37.81 6.39 8.72 3.05 0.002*

w_difference: population mean of post - pre
Hy: p_difference = 0 Hi: p_difference > 0
*Significant at 95%

Furthermore, the analysis of perception of students towards the Al activity indicates that the
interface of the Al is easy to use and provides an acceptable level of interactivity. However, the



game was not necessarily perceived as enjoyable nor generated curiosity for learning more, as
seen in Figure 7. The applied questionnaire corresponds to a modified version of the instrument
proposed by Carrion et.al., which measures the acceptance to technology in four dimensions:
Ease of Use, Interactivity, Enjoyable experience, and Curiosity for learning. Each dimension
contained different statements that the student rated from 1 to 5, where 1 corresponds to
Completely Disagree and 5 to Completely Agree. It can be seen in Table 6 the questions applied
to the students in the control group and their correspondent dimensions.

Table 6. Questionnaire for Al acceptance perception

Dimension | Questions

Easiness Learning to use the game was easy

It wasn't difficult for me to get what I needed to do in ChatGPT
It was easy for me to become proficient in using GPT chat and its
content

Interactivity | I found the game environment flexible to interact with

I felt carried away while experiencing the activity

I felt like I was part of the text game environment

By experiencing the role-playing game, I felt like I am in control

Enjoyable I enjoyed experiencing the activity
Experiencing a virtual text world is quite nice
The role-playing experience was fun

Curiosity The role-playing experience is very interesting

When experiencing the role-playing game, my attention was totally
focused

Experimenting on ChatGPT piqued my curiosity

Experiencing the role-playing game was interesting

Perception of Easiness, Interactivity, Enjoyable, Curiosity

5.0 |

4.5

Perception

3.5

¥

Easiness Interactivity Enjoyable Curiosity

Figure 7. Perception of the students towards the activity



These results imply that further research must be performed to create activities that do increase
engagement of the students. A correlation analysis of the dimensions from the perception
questionnaire, shown in Table 7, points out that Enjoyment and Curiosity are highly positively
correlated with Interactivity. Possibly, a prompt that allowed more interactivity for the student
would improve the other dimensions as well.

Table 7. Correlation of perception survey’s dimensions

Easiness Interactivity Enjoyable
Interactivity 0.460*
Enjoyable 0.288 0.601*
Curiosity 0.289 0.823* 0.638%*

*Significant correlations at a 95% confidence level

Conclusions

The results of this study show that the use of Game — Based Learning with ChatGPT may
positively improve the performance of students by contributing to the development of two
mathematical skills: “Interpretation of graphs” and “Decision making according to a
mathematical model”. These skills, even analyzed in First Year Program students, can be
beneficial for several other courses during their Engineering studies. Statistically, it was found a
significant improvement when comparing the pre — test scores and the post — test scores of the
experimental group, as long with a slight reduction in its variability. We can imply that the game
in ChatGPT was useful to level students’ competence, reducing variability of learning as
expected in a homogeneous group [22].

However, the study presents that the students not necessarily perceived the Al game increased
their curiosity for learning nor was sufficiently enjoyable to be played. Moreover, obtained
results show a strong positive correlation between the perception of Interactivity, Enjoyable, and
Curiosity. This relationship supports that introducing fun elements into instructional scheme
generates engagement of students [23], and therefore contributes to the development of
competences [24]. Further efforts to improve the game dynamics are necessary and will be
considered in future phases of the research.
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