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Abstract. In the context of engineering education, the utilization of generative
artificial intelligence (AI) holds significant promise for enhancing learning expe-
riences. This article presents a compelling case study designed to assess the profi-
ciency of engineering students in employing generative Al, particularly focusing
on ChatGPT. Students from diverse engineering disciplines and academic levels
engage in a knowledge questionnaire, with one group utilizing ChatGPT and the
other leveraging unrestricted internet resources. The study not only investigates
the effectiveness of generative Al as a learning tool but also explores its impact on
problem-solving skills. Towards the end of the questionnaire, students are surveyed
using a validated instrument to gauge their perceptions and experiences regarding
the use of ChatGPT and generative Al in the realm of engineering education. This
research contributes valuable insights into the integration of generative Al as a
pedagogical tool, shedding light on its potential to shape the future of engineering
instruction.
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1 Introduction

In today’s rapidly evolving society, the methods and tools utilized in teaching and
learning must also progress accordingly. Information and Communication Technologies
(ICTs) have played a pivotal role in various domains, with education being no exception.
Internet and web-based platforms, such as Learning Management Systems (LMS), have
notably shaped the educational landscape. However, one of the most disruptive tech-
nologies in recent times is Artificial Intelligence (AI). While Al is not a novel concept
[1] and has been applied across diverse sectors such agriculture [2], healthcare [3], law
[4], transportation [5] or education [6, 7] for many years, its recent advancements have
led to unprecedented opportunities and challenges.

The application of Al aims to support individuals in their tasks, saving time,
energy, facilitating access to information, etc. [8]. In education specifically, Al has
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been employed over the past three decades for personalized learning, skill development,
collaborative learning, student engagement, learning support, and decision-making pro-
cesses [1, 7] through intelligent tutoring systems, teaching robots, learning analytics
dashboards, adaptive learning systems, and more [9]. Numerous systematic reviews
have explored various facets of Al in education [8, 10-12].

However, the definitive disruption in the realm of Al stems from the emergence
of Generative Al and its implications for education [13]. The pivotal moment came
with the release of ChatGPT in November 2023, a freely accessible chatbot based on
a Large Language Model (LLM) capable of responding to natural language queries.
Its exponential impact was evident, with 5 million users in its first 5 days of life, 100
millions in about a month and 180 million users in January of 2024 [14]. This marked the
beginning of a new era, with other Generative Al applications such as Bard and Copilot
swiftly following suit, along with advancements in image, video, and sound generation
[14].

The integration of Generative Al in education has sparked debates [15, 16], with
proponents touting it as the future cornerstone of education, while skeptics perceive it
as a potential threat [13, 17]. However, irrespective of these views [18], the reality is
that students will inevitably encounter Generative Al beyond educational institutions.
Therefore, it becomes imperative to equip them with the requisite knowledge and skills
to effectively utilize such technologies, including the ability to ask pertinent questions
[16].

While recent research has explored students’ perceptions and usage of ChatGPT
[19], there remains a gap in understanding how it is applied in specific engineering tasks
or activities. This paper aims to address this gap by presenting a case study examining
how students leverage Generative Al, specifically ChatGPT 3.5, to answer knowledge
questions in engineering scenarios. The study seeks to ascertain whether students pos-
sess sufficient know-how to effectively utilize Generative Al in education or if specific
training is required.

The rest of the paper is structured as follows first the theoretical context about Al and
Generative Al in Education is presented. Third section describes the case study carried
out in an engineering context. Forth section shows the produced results and a discussion
about them is carried out in section fifth. Finally, some conclusions are posed.

2 Theoretical Context

This section briefly introduces some key concepts to aid in the understanding of the paper.
Firstly, it outlines the concepts of Al and Generative Al, followed by an exploration of
their applications in education.

2.1 Definitions of AI and Generative Al

Although Al is currently experiencing a disruptive moment, the term itself was coined
approximately 70 years ago [1]. The initial inquiry into AI was sparked by Turing’s con-
templation of whether machines could exhibit human-like thought processes [20], with
John McCarthy later defining it as “The science and engineering of making intelligent
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machines” [21]. However, defining Al in a singular manner proves challenging due to
its diverse approaches and development paths [22]. Various categories of Al have been
described [23]:

e Artificial narrow intelligence (ANI). A kind of Al which possesses a limited range
of abilities and represents the only achievement thus far.

o Artificial general intelligence (AGI). A kind of Al which aims to emulate human-like

capabilities.

Artificial superintelligence (ASI). A kind of Al which surpasses human intelligence.

Also some authors consider different types of Al such as [24]:

Artificial Intelligence. A type which enables machines to replicate human cognition.

Machine Learning. A subset focused on learning from data examples primarily

through statistical methods like linear regressions and decision trees, requiring less

data and computation power but more human intervention.

e Deep Learning. A subset of Machine Learning relying on neural networks, complex
algorithms that demand more data and computing power while involving less human
intervention.

Once the concept of Al is defined, it becomes essential to comprehend the current
landscape, particularly with the emergence of a phenomenon that has gained significant
popularity, known as Generative Al. Generative Al can be defined as “... a technology
that (i) leverages deep learning models to (ii) generate human-like content (e.g., images,
words) in response to (iii) complex and varied prompts (e.g., languages, instructions,
questions)” [17]. Other possible definition could be “production of previously unseen
synthetic content, in any form and to support any task, through generative modeling*
[25].

Al can be classified based on the type of generative algorithms, as outlined by
Jovanovic and Campbell, who differentiate between Generative Adversarial Networks
(GAN), Generative Pre-trained Transformers, Generative Diffusion Models (GDM),
or Geometric Deep Learning (GDL) [26]. Alternatively, Garcia-Pefialvo and Vazquez-
Ingelmo categorize algorithms and techniques into GAN, Encoder-Decoder Networks,
Neural Networks, Transformers, and others [25]. However, the most notable approach
in the past year has been the development of Large Language Models (LLMs).

Large language models, crucial in Natural Language Processing (NLP), are “models
are trained on massive amounts of text data and are able to generate human-like text,
answer questions, and complete other language-related tasks with high accuracy” [27].

They can be understood as “a statistical language model that assigns a probability
to a sequence of m tokens P(w1,...,wm) using a probability distribution” [28], widely
applied in various tasks such as speech recognition, machine translation, part-of-speech
tagging, parsing, handwriting recognition, and information retrieval. These models serve
as the foundation for current Generative Al chatbots and other Al applications. However,
maintaining them is challenging, requiring substantial investment and months of training,
while accessing training data poses additional difficulties [29].

2.2 Al and Generative Al in Education

In the realm of Al applications, numerous studies have explored its potential and associ-
ated successes [30]. Various categorizations of potential applications exist, such as those
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outlined by Dahwan & Batra [1] or the one proposed by Holmes et al. [31]. However,
for the purpose of this research, we will consider two categorizations: one defined by
Hwang et al. [7] focusing on application roles, and another by Ouyang [10], focusing
on paradigms.

Regarding the former categorization by Hwang et al. [7], the authors delineated
distinct roles for Al applications in education:

o Intelligent tutor: Encompassing systems aimed at personalizing and adapting learn-
ing to students’ needs, including intelligent tutoring systems, adaptive/personalized
learning systems, and recommendation systems.

e Intelligent tutee: Although less common, this role involves learners engaging with
others to provide assistance.

o Intelligent learning tool/partner: Providing intelligent data gathering and analysis to
identify critical focal points for learning.

e Policy Making Advisor: Implementing Al techniques to aid decision-makers by
considering evidence generated within educational institutions.

As for the latter categorization by Ouyang [10], three possible paradigms are defined:

e Al-directed, learner-as-recipient: Al directs learning processes and defines suitable
learning pathways, with intelligent tutoring systems serving as an example.

e Al-supported, learner-as-collaborator: Al serves as a supportive tool for students in
their learning journey, assisting them in focusing on relevant issues.

e Al-empowered, learner-as-leader: Al functions as a tool to enhance human intel-
ligence, aiding both learners and teachers in improving teaching and learning
performance.

The utilization of a chatbot like ChatGPT could fall under the intelligent learning
tool category of the former classification, as it assists students in avoiding mechanical
tasks and finding solutions to facilitate their learning progression. Regarding the latter
classification, it could be considered as part of Al-supported, learner-as-collaborator and
Al-empowered learner paradigms, as it aids students in their work following interaction
with Al technology and provides them with knowledge they may not have initially
possessed.

Regarding the use of generative Al, it has gained significant popularity since its
emergence in November 2023. Reactions to its potential applications have varied widely,
with some authors describing its arrival as a “calculator moment” in digital writing
classrooms—a transformative technology that necessitates a shift in educational goals
[32].

However, as with any disruptive technology, there are also negative reactions, viewing
the new technology as undermining scientific pursuits and moral principles by fostering
a flawed understanding of language and knowledge [33].

Nevertheless, Generative Al is readily available, and understanding its potential
applications is imperative. Authors such as Baidoo-Anu & Owusu have outlined several
possible applications, including [16]:

e Personalized tutoring and feedback tailored to students’ individual learning needs
and progress.
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e Automated Essay Grading to support teachers and streamline their workload.

e Language translation of texts into different languages following appropriate training.

e Interactive learning through virtual tutors that engage students in conversational
interactions.

e Adaptive learning, which personalizes teaching methods based on student progress
and performance.

This classification represents only a portion of the diverse range of tools provided by
Generative Al They can be categorized based on the outcomes they produce into various
domains, including text generation (such as chatbots, content creation, exams generation,
and language teaching), image generation (including graph and presentation generation),
video generation, 3D objects generation, audio generation (including voice modulation
and transcription), source code generation (including debugging and generation), and
Al-generated text detection (including anti-plagiarism tools) [34].

The possibilities offered by the use of generative Al are vast. For instance, the work
by Nerantzi et al. [35] gathers 101 potential ideas for using Al in education. However, it is
crucial to acknowledge that generative Al comes with associated advantages, drawbacks,
and challenges. Importantly, students across different educational levels are already using
Al highlighting the necessity for them to understand how to use it and develop critical
thinking skills when interpreting the feedback they receive from Al-generated content
[34].

3 The Case Study

3.1 Description of the Activity

The case study conducted entails an optional activity offered at the conclusion of the
subject, which is completed online via an online form. The primary objective of this
activity is to discern the disparity in answering knowledge questions, pertinent to the
subjects covered, through the use of Generative Al versus other potential tools and
sources. Therefore, the case study seeks to evaluate the following hypothesis:

e The utilization of Generative Al by students for answering knowledge questions is
correlated with improved outcomes.

To examine this hypothesis, participating students will be divided into an experimen-
tal group and a control group. Students in the experimental group will utilize ChatGPT
3.5, whereas those in the control group will have the liberty to employ any other resources
available on the internet. The responses provided will be evaluated and analyzed by the
teachers.

This distribution enables us to explore the average means of the subgroups within the
subjects, assess correlations with the manner in which ChatGPT was utilized, examine
the most frequently utilized alternative tools, and ascertain students’ use/perception
of ChatGPT. Feedback will be gathered through a questionnaire concerning Al usage,
adapted from [19].
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3.2 Description of the Involved Subjects

In order to understand the background of the students involved in case study itis necessary
to describe the courses in which they are enrolled. These are three:

e Computer Systems Administration (CSA). This is a fourth-year subject in the Bach-
elor’s Degree in Computer Sciences. The subject is proposed in the final year of
the degree as a journey through the public and private environment regarding their
workflows, resources, data storage, data transmission, security, and optimization of
these processes, among others. It is a subject that has both theoretical and practical
aspects, so all concept explanations must be implemented in practice so that students
further consolidate their knowledge and better acquire the necessary skills to pass this
subject. The main interest of the subject is to show students the possibility that they
themselves manage the information systems of an organization, as well as the ability
to administer them. It is also intended for students to acquire the ability to carry out
an analysis of the needs of any organization, public or private, in this area, and the
subsequent implementation of these information systems, satisfying the anticipated
needs optimally at the resource and economic levels. In this subject, the experiment
is proposed as an optional activity with no impact on the student’s final grade.

e Service Oriented Architectures (SOA). This is a fourth-year subject in the Bachelor’s
Degree in Computer Sciences. Currently, new computing models require Service-
Oriented Architectures (SOA). These approaches make clients and providers piv-
otal actors in providing or consuming applications, which are generally accessi-
ble through services. The subject consists of three interconnected blocks aimed at
enabling students to perform analysis, design, implementation, and deployment of
service-oriented architectures. To achieve this, they must use the proposed standards in
each case and follow a methodology based on Service-Oriented Engineering, thereby
optimizing resources and the solution lifecycle. Additionally, various enterprise solu-
tions based on Business Intelligence (BI) are proposed for analysis and subsequent
deployment. As in the previous subject the activity carried out is not mandatory.

o Informatics (INF). A first-year subject shared by the Bachelor’s Degree in Mechanical
Engineering and the Bachelor’s Degree in Agri-Food Engineering. The subject aims
to provide students with the basic concepts of computer science, enabling them to
expand their knowledge in this field in the future and allowing them to handle comput-
ers proficiently. This will facilitate their future academic and professional activities,
enabling them to successfully meet the requirements of other subjects that involve the
use of computer applications throughout their education. Specifically, fundamental
concepts in computer science are taught, such as: basic computing, microprocessors,
memory, peripherals, programming languages, operating systems, data structures,
etc. When it comes to the case study, the proposed activity is optional but carries an
additional weight of 10 points out of 100 in the final grade of the subject. These points
will be added only if the subject is passed by successfully completing the mandatory
activities.

3.3 Materials and Methods

This research adopts a mixed-methods approach [36], integrating quantitative and qual-
itative analysis. The quantitative analysis involves comparing the scores assigned to
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students’ knowledge questions when utilizing ChatGPT versus other resources. On the
other hand, qualitative analysis centers on students’ perceptions regarding the use of
ChatGPT and is currently in progress, with potential conclusions to be outlined in future
research.

Initially, we provide an overview of the student sample, followed by an examination
of the questionnaires.

The Sample. The sample is summarized by the Table 1. On it is possible to see the
sample size, divided by gender and by subject and how many of the students are in the
experimental and in the control group. This division was done following a systematic
sampling, however some of the students did not understand properly the instructions and
used the GenerativeAl option when they should not and vice versa, so it was necessary
to change their groups to maintain coherence in average study. The activity involved 88
students. It is necessary to point out that there is an unbalance from the experimental and
control group (specially in SOA subject) motivated by the fact the activity was elective,
and the subject classes have ended when the activity was carried out. In addition, it is
necessary to mention the clear lower number of female students in engineering (about a
26% in the case study) something common and already pointed out by several authors
[37]. For the case study it is more relevant in Computer Science Degrees than in other
engineering (between a 1,5%—1,7% in computer science subjects vs a 33% in the others
engineering degrees involved in the case study).

Participation in the study was voluntary, and participating students had to explicitly
accept and sign a consent form, by which they allowed instructors and the research team
to access and analyze their data. For research purposes, data is anonymized. Students
could cancel this agreement at any given moment. Participants were also informed that
there were not risks associated with the study, nor any payment due for participation.

Table 1. Sample distribution.

CSA SOA INF Totals

N 20 17 51 88
Female 3 3 17 23
Male 17 14 34 65
Exp. Group 8 10 28 46
Female 1 2 12 14
Male 7 8 16 28
Cont. Group 12 7 23 42
Female 2 1 5 8

Male 10 6 18 34

The Knowledge Questionnaire. The knowledge questionnaire comprised two knowl-
edge questions for each subject, along with common procedure questions for both
experimental and control groups across all subjects.
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For the CSA subject, the knowledge questions were:

K1. Describe the differences between SCRUM and Extreme Programming.
K2. Describe the differences between and ERP and a CRM.

For the SOA subject:

K1. What is the protocol XMPP and what is its purpose?
e K2. What is the Enterprise Service Bus?

For the INF subject:

K1. What are the functions of the arithmetic logical unit of a computer?
e K2. What does it mean that the Operating Systems acts as a Extended Virtual
Machine?

The procedure questions for the experimental group, which utilized ChatGPT, were
as follows:

e Experimental Group (same questions for knowledge questions 1 and 2):

— EPI1. Have you used the ChatGPT to answer question X? (Yes/No/I have edited it)
— EP2. How many prompts did you use for question X?

e Control Group

— CP1. List the tools you used to answer the questions.
— CP2. Among all of them, which do you consider the best for answering?

The ChatGPT Questionnaire. Another interesting aspect is understanding the stu-
dents’ knowledge about using ChatGPT. To assess this, we utilized part of the ques-
tionnaire proposed by Amo-Filva et al. [19]. Specifically, the following questions were
included:

e CQI. I know what Generative Al is and how to use it (measured on a 5-point Likert
scale).

e CQ2.I am familiar with the tool ChatGPT (measured on a 5-point Likert scale).

e CQ3.1have a ChatGPT account (Yes/No).

e CQA4. I use ChatGPT (participants select one or more options from “No”, “for

ELINT3S CLINNT3

learning”, “in my personal life”, “at work”, “other”).

Additionally, there are other questions answered by the students that are not included
in this study as they are still under analysis.

4 Results

To present the results, it is crucial to analyze the students’ responses. The initial analysis
focuses on the average grades obtained by students when completing the activity. To
achieve this, a descriptive analysis of the samples is necessary, followed by a compari-
son of the means. Table 2 presents the descriptive statistics of each group and subject,
including the ratio of students who completed the activity compared to those enrolled in
the subject.
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Table 2. Descriptive statistics and ratio of completion

Subject N Avg. Mean (Std. Dev) Var
CSA 20 6,65 (2,53) 6,42
Exp 12 7,92 (0,51) 3,08
Control 8 4,75 (0,84) 5,71
SOA 17 7,35 (2,88) 8,30
Exp 10 8,25 (0,66) 4,40
Control 7 6,07 (1,32) 12,29
INF 51 8,21 (1,99) 3,97
Exp 28 9,82 (0,10) 0,30
Control 23 6,26 (0,24) 1,38
Ratio of completion vs Enrolment
Enrolled Percentage

CSA 20 25 80%
SOA 17 24 71%
INF 51 85 60%

After conducting the descriptive analysis, it is essential to compare whether there are
significant differences between the experimental and control groups, i.e., between stu-
dents who used ChatGPT and those who used other tools. The null hypothesis assumes
that there is no difference between the groups. Table 3 presents the values for the
difference tests.

CSA satisfies the normality and homoscedasticity test criteria, allowing for the appli-
cation of a Student’s t-test. However, for the other two subjects, the sample distribu-
tion is not normal, necessitating the application of non-parametric tests such as the
Mann-Whitney U test.

Table 3. Mean Differences Tests

Student T Test

Subject Avg. Exp Avg. Cont t df p-value
CSA 7,92 4,75 3,42 18,00 0.0030
MannWhitney U Test

Subject U w Std Error p-value
SOA 18,50 46,50 10,06 0,1090
INF 17,50 293,50 48,79 0,0000
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On the other hand, another potential issue to explore is the correlation between the
grades in the experimental group and the number of prompts used in ChatGPT, as well
as between the grades and whether students used the answer directly or edited it. Table 4
presents these correlations. If the sample is normally distributed, the Pearson correlation
test is employed; otherwise, Kendall’s Tau is used. Additionally, the table includes the
number of prompts per student and the percentage of students who edited their answers.

Table 4. Correlations between average mean, prompts and edits

Pearson Correlation Test

Subject | Pearson | Sign. Pearson Sign. Edits | Prompts Percentage
Corr. Prompts | Correlation Per Student | Edits
Prompts Edits

CSA —0,714 0,009 0,075 0,817 1,29 50%

Kendall’s Tau Test

Subject | Corr. Sign. Corr. Sign. Edits | Prompts Percentage
Prompts | Prompts | Edits Per Student | Edits

SOA —0,111 0,716 —0,162 0,588 1,15 20%

INF 0,202 0,259 —0,087 0,641 1,14 21%

Regarding the questions related to ChatGPT knowledge and use, Table 5 presents
some of the results categorized by subjects. The responses for CQ1 and CQ2 are described
as the average mean of the answers, while for CQ3, the table provides the percentage of
users with a ChatGPT account. In this case, the table does not differentiate between the
results of the experimental and control groups, as all students completed these questions.

Table 5. ChatGPT Knowledge and Use Results by Subject

CSA SOA INF
CQl 3,90 (1,12) 4,00 (0,93) 3,90 (0,70)
cQ2 4,25 (1,21) 4,41 (1,00) 4,41(0,66)
CQ3 90,00% 88,23% 70%

Regarding CQ4, which assesses the
graphs for each of the subjects.

students’ use of ChatGPT, Fig. 1 illustrates
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Fig. 1. Distribution of CQ4 answers per subject, considering how students use ChatGPT in chase
they use it.

5 Discussion

Regarding the obtained results, several issues need to be explored:

Table 2 reveals a significant difference in average grades across all subjects. However,
techniques for average mean comparison have been applied. It is important to note
that the samples for CSA and SOA may present limitations for this research.

The participation percentage, measured as the number of students who completed
the activity compared to the number of students enrolled in the subject, is quite high
in all subjects, exceeding 60%. Notably, for INF, where students were awarded for
completing the task, the participation percentage is the lowest. This may be attributed
to the topic of the activity, as INF students come from engineering disciplines other
than Computer Science.

Average comparison indicates a significant difference in tests for both CSA and INF,
leading to the rejection of the null hypothesis that stated there were no differences
between experimental and control groups. Differences in grades mean that the appli-
cation of ChatGPT yields different outcomes compared to other resources, with higher
average grades in these cases.

Table 4 displays correlations between the number of prompts and edits of students
and their grades, along with statistics about these interactions. For CSA, there is
a correlation between prompts and grades, possibly due to the higher number of
prompts per student or the perceived difficulty of the questions. However, for other
subjects, the correlation is not significant. Regarding edits or direct use of provided
answers, no clear correlation is evident. Notably, in CSA, where more prompts are
used, there are also more edits, potentially indicating question difficulty.
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e CQI and CQ2 responses indicate that students have a high perception of their knowl-
edge about Generative Al and ChatGPT before the activity, with answers close to “I
agree” across most subjects.

e CQ3 responses show relatively high percentages of students who have or have not
had an account in ChatGPT. Notably, students from INF have a lower percentage,
possibly due to their enrollment in engineering disciplines unrelated to computer
science.

o CQ4 reveals how students use ChatGPT, with most using it for learning. However, in
INF, there is a significant number of students who do not use it. The percentage of
students using ChatGPT in their personal life is higher for Computer Science students
than for those in other engineering disciplines involved in the study.

6 Conclusions

The integration of artificial intelligence (Al) has already permeated various disciplines,
yet the advent of generative Al marks a significant shift, necessitating a universal under-
standing of its principles. This pivotal moment underscores the importance of compre-
hending AI’s nuances for individuals across all fields. For students, acquiring compre-
hensive education on Al, encompassing both theoretical foundations and practical appli-
cations, is essential. Moreover, cultivating an educational environment that embraces
Al-driven methodologies is crucial for preparing students for the evolving technological
landscape.

This study has aimed to illuminate the usage patterns of Al among engineering stu-
dents, highlighting the need for deeper insights into their Al-related practices to inform
educational strategies effectively. The findings indicate a robust understanding of Al
among participants, affirming its suitability for educational integration. Furthermore,
the analysis of the case study data suggests that the utilization of generative Al, exem-
plified by ChatGPT, may enhance academic performance in specific tasks. However,
further research involving diverse subject areas and larger sample sizes is required to
validate these findings conclusively. Additionally, targeted training initiatives focus-
ing on generative Al, especially in non-computer science disciplines, are imperative to
leverage its potential effectively for educational enhancement.
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