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ABSTRACT

The integration of chatbots and generative artificial intelligence (AI) tools into engineering education is rapidly changing the
way students learn, interact, and solve complex problems. These technologies offer new opportunities for personalized learning,
real-time feedback, and enhanced student engagement. However, a comprehensive understanding of their implementation,
pedagogical value, and limitations in engineering education remains limited. This structured literature review examines how
chatbots and generative Al tools are integrated into engineering education and evaluates their educational impact and asso-
ciated challenges. The review focuses on their effects on student learning outcomes, engagement, and skills development, as
well as the challenges associated with their implementation. Following PRISMA guidelines, literature was identified through
Scopus, Google Scholar, Taylor & Francis Online, and ScienceDirect. After applying predefined inclusion criteria, 16 studies
were included in the final review and were analyzed thematically. The findings show that chatbots and generative Al tools can
improve learning outcomes in engineering education by promoting student engagement, supporting conceptual understanding,
encouraging self-directed learning, and contributing to the development of problem-solving and creative thinking skills.
However, the review also identifies challenges related to ethical concerns, accuracy limitations, and the risk of student
overreliance, which can impact the development of deeper learning and collaboration.

1 | Introduction The use of AI in engineering education has emerged as a
promising development, and generative Al technologies such
as ChatGPT or other intelligent chatbots have opened new
opportunities to improve the quality of education and learn-
ing outcomes [6, 7]. Such Al-based systems have the potential
to provide personalized and effective learning experiences by
offering customized feedback and explanations [7, 8]. Intel-
ligent chatbots can transform pedagogical practices by inter-
actively guiding students and teachers, addressing student
engagement challenges, and providing real-time support
[6, 9]. Chatbots can transform knowledge acquisition and
skill development [10], facilitate learning in conditions sim-
ilar to those of a human teacher [11], and offer unique

In recent years, the integration of artificial intelligence into
education has accelerated rapidly [1], transforming the way
learners acquire knowledge, interact with content, and
receive feedback [2]. Engineering students are expected to
acquire not only theoretical knowledge but also practical
competencies in problem solving, system thinking, and design
thinking, which are essential for addressing complex en-
gineering challenges [3, 4]. The complexity and inter-
disciplinary nature of engineering learning environments
require educational technologies that can support iterative
experimentation and collaboration, where generative Al tools
can indicate high potential [5].
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communication and information dissemination opportunities
in digital learning environments [2]. Furthermore, these tools
go beyond simple text generation to help in tasks such as
LaTeX code generation and debugging programming ex-
ercises [9]. Among these intelligent chatbots, ChatGPT stands
out as a conversational Al interface that has received signif-
icant attention in the educational settings [12]. However,
other definitions of chatbots exist that rely on the inclusion of
additional knowledge or content through approaches such as
retrieval-augmented generation (RAG) [13]. A common ex-
ample is chatbots used on consumer websites that integrate a
company- or domain-specific knowledge base.

However, the implementation of Al in engineering education is
not without challenges. There are ethical concerns about the
potential unethical use by students and issues of academic
integrity [7, 14]. There are pedagogical, technological, and
socio-cultural risks associated with the widespread use of AI
chatbots in education that need to be carefully considered and
managed [15]. Additionally, AI systems can retain bias or
generate false information because they are limited by the
quality of their training data [7] and may be subject to misuse,
including plagiarism, academic integrity, and privacy violations
[1]. Engineering educators, while recognizing the benefits of Al
tools in facilitating academic tasks, have also expressed con-
cerns about the quality of Al-generated output and the risk that
students will become too dependent on technology [16]. To
fully exploit the benefits of AI in engineering education,
curricula need to be adapted to the needs of the user. This
includes developing future-ready curricula that incorporate Al
literacy, new teaching and learning approaches, analytical and
critical thinking, reflection, collaboration, and complex prob-
lem solving [14]. Despite these challenges, a growing body of
research on educational chatbots shows their positive impact
on student learning and service improvement in various edu-
cational settings [11].

While interest in Al-enhanced learning is growing, there is still
a lack of reviews on how chatbots and generative Al tools are
used in specific engineering contexts and what impact they
have on learning outcomes, engagement, and skill develop-
ment. Most existing reviews [17-20] take a broad approach to
Al in education, in general, often without considering the dif-
ferent cognitive and practical needs of engineering learners. To
address this gap, this review aims to summarize current
research on the application of chatbots and generative Al
technologies in engineering education by answering the main
research questions (RQ):

RQ1. How do chatbots and generative Al technologies affect
students’ learning outcomes, engagement, and skills development
in engineering courses?

RQ2. What are the challenges of using chatbots and generative AT
in higher engineering education?

The rest of this paper is structured as follows: Section 2
describes the methodological approach used in the study.
Section 3 presents the results and discusses the key findings.
Finally, Section 4 concludes the paper by summarizing the main
findings, limitations, and contributions.

2 | Background

In the emerging landscape of engineering education, while stu-
dent outcomes remain a central emphasis, the experiences of
educators and their adaptive responses merit equal consideration.
Recent evidence indicates that instructors in engineering and
related STEM fields perceive both opportunity and disruption
when integrating advanced Al tools such as chatbots and gener-
ative Al. For example, in a survey of 98 engineering educators,
most reported familiarity with generative AI but showed highly
variable use; those who actively engaged students in discussions
of Al tended to hold more optimistic views, yet also recognized
ethical, reliability, and pedagogical risks [21]. This finding un-
derscores a key adaptation-challenge: educators must shift from
the role of sole knowledge provider toward that of facilitator and
curator of Al-mediated learning environments [22].

One prominent challenge is the need for instructors to develop
new technological literacies and pedagogical strategies. Bravo
and Cruz-Bohorquez [23] found that although AI chatbots in
engineering courses provided time savings in lesson planning
and materials creation, staff reported operational burdens in
configuring, maintaining, and validating such systems. These
burdens often resulted in increased workload or role ambiguity
for educators, particularly when alignment of tool outputs with
course outcomes was not well defined. Indeed, the realities of
engineering pedagogy with its hands-on labs, design projects,
and problem-solving focus mean that replacing traditional
modes of feedback and interaction with AI systems requires
careful scaffolding, not mere substitution [24, 25].

Furthermore, adaptation requires institutional and cultural
change. Educators expressed uncertainty about assessment
design, academic integrity, and student-faculty relationships
when AI becomes more embedded in the learning process [21].
There is a risk that increased reliance on Al for routine queries
or administrative tasks may reduce opportunities for instructors
to monitor student progress intimately or to intervene holisti-
cally, thus weakening mentor-student relationships [26]. Con-
sequently, institutions may need to provide professional
development, clearly delineated roles, policy frameworks, and
technological support to facilitate successful adaptation.

The integration of chatbots and large language models (LLMs)
in engineering education has demonstrated both promising
advantages and notable challenges. Recent studies reveal that
educational chatbots enhance learning engagement and allevi-
ate instructional workload by automating routine academic and
administrative tasks [27, 28]. However, despite these benefits,
the widespread adoption of chatbots in traditional educational
contexts remains limited. This limitation is primarily attributed
to the high developmental costs, maintenance requirements,
and a general lack of awareness about chatbot potential in
pedagogy [29]. In education, chatbots operate on the premise
that teaching is an act of communication and interaction.
Chatbots can address repetitive questions with straightforward
solutions or assist students in finding the correct answers to
simple assignments. However, it is crucial to emphasize that
teachers remain behind the teaching process. Technology,
including chatbots, should be employed as an assistant rather
than a replacement [29].
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The advantages of chatbots in open learning for schools, uni-
versities, and other learning scenarios in which repetitive
practice is important are well known. In addition to answering
frequently asked questions (FAQs), there are cases of chatbots
whose main purpose is to serve as educational agents with the
aim of relieving the workload of human teachers in their sub-
jects or reinforcing learning in different areas. It is especially on
the main advantages and disadvantages of using chatbots as
teaching assistants that this research intends to focus [11].

Educators must negotiate pedagogical redesign and role-
redefinition to ensure that the human dimension of teaching
remains central [24, 25]. Without attending to proper pedagogical
integration, the shift in engineering education risks becoming
substitute-driven rather than supplement-focused [26].

Students' interaction with AI technologies directly shapes learn-
ing outcomes, engagement, and skill development [24, 25, 27].
Moreover, understanding student experiences provides essential
feedback for improving pedagogical design and developing
adaptive frameworks for Al integration [25].

Extending this focus to practical implementation, ChatGPT
serves as a representative example of Al integration in educa-
tion. ChatGPT interacts with students and collects data, en-
suring the privacy and security of sensitive information
becomes paramount [12]. Educational institutions and devel-
opers must implement robust data protection measures to
safeguard student data and comply with relevant privacy reg-
ulations. Moreover, despite some limitations, the 5E model
proved to be an effective framework for student engagement
and learning. One of the limitations observed was that ChatGPT
occasionally provided incorrect evaluations of the students’
answers during the evaluation phase [30].

3 | Methodological Approach

This literature review was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines to ensure transparency, replicability, and
methodological rigor [31]. PRISMA offers a structured approach
with clearly defined steps, including formulating research ques-
tions, systematically identifying relevant literature, screening for
eligibility, and synthesizing and presenting findings. The meth-
odological process of this review followed five main steps: (1)
defining the research objectives and questions, (2) identifying
and retrieving relevant studies, (3) applying the PRISMA protocol
for screening and selection, (4) extracting and organizing key
information from the included articles, and (5) conducting a
thematic synthesis to summarize the findings.

The research process began with the formulation of two cen-
tral research questions: (1) How do chatbots and generative Al
tools impact student learning outcomes, engagement, and
skill development in engineering education? (2) What are the
primary challenges and limitations associated with their
integration?

These two research questions are selected to discuss in a review
because they address both the potential benefits and the

challenges of integrating chatbots and generative Al tools into
engineering education. By examining the impact on student
learning outcomes, engagement, and skill development, the
review highlights how these technologies can enhance educa-
tional experiences and foster essential competencies such as
problem-solving and critical thinking. Simultaneously, explor-
ing the challenges and limitations—such as ethical concerns,
accuracy issues, and overreliance—ensures a balanced under-
standing of the risks and constraints. Together, these questions
provide a comprehensive view that can guide educators, pol-
icymakers, and researchers in making informed decisions about
the effective and responsible use of Al in engineering education.

3.1 | Literature Identification and Source
Selection

To fully understand the research landscape related to chatbots
and generative artificial intelligence in engineering studies, a
comprehensive literature search was conducted. This search
focused on peer-reviewed scientific publications written in
English and published between 2020 and 2024. This 5-year
period covers a critical period that marks the emergence and
rapid development of modern LLMs, from the initial break-
through of GPT-2 in 2019 to the widespread adoption of
ChatGPT in 2022. The focus on this most recent phase ensures
that the review highlights the latest innovations, pedagogical
applications, and challenges.

The literature search was conducted using widely recognized
academic sources that provide comprehensive and relevant
coverage of education and technology research. Specifically,
literature was identified through Scopus (a bibliographic data-
base), ScienceDirect (a publisher-specific full-text platform),
Taylor & Francis Online (a publisher platform), and Google
Scholar (an academic search engine). These sources were
selected because they provide access to a wide range of peer-
reviewed publications relevant to the scope of the review. Web
of Science was initially explored as a potential source. However,
after applying the predefined search strategy, only a limited
number of records matched the search criteria. Therefore, it was
not included among the literature sources used in the final
review. Boolean operators and filters were applied to refine the
search. Only English-language articles that provided empirical
data or case-based evidence on Al integration in educational
settings were included. This process ensured a focused and
reliable dataset for the review.

3.2 | Search Strategy and Keyword Selection

The search strategy was carefully designed using thematic key-
word clusters to ensure complete coverage and accuracy. Key-
words were grouped into three distinct categories: (1) chatbot
terminology: chatbot, virtual assistant, AI tutor, Al-assisted; (2)
generative Al terminology: generative technologies, generative
AT, (3) terminology of the educational context: engineering
teaching, engineering learning, engineering education.

Within each thematic category, individual keywords were com-
bined using the logical operator OR to ensure comprehensive
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coverage of each conceptual area. Different thematic categories
were combined using the logical operator AND, thus refining the
search to find studies that explicitly address the interaction of
chatbots or generative artificial intelligence in engineering
studies. The search strategy was designed to capture a compre-
hensive range of studies related to the integration of chatbots and
generative Al tools in engineering education. A combination of
keywords and Boolean operators was used to ensure that relevant
literature was identified. The key terms included, and these were
combined using operators such as AND, OR, and NOT to refine
the search results. The search string used to identify the relevant
literature was as follows:

(“chatbot” OR “virtual assistant” OR “AI tutor” OR “Al-assisted”)
AND (“generative technologies” OR “generative AI”) AND (“stu-
dent support” OR “personalized learning”) AND (“engineering
teaching” OR “engineering learning” OR “engineering education”).

This search string was used in Google Scholar, Scopus, and
Taylor & Francis Online. However, due to platform limitations,
a modified version of the search string was used in Science-
Direct, where the number of Boolean operators is limited to
eight. The simplified search string used in ScienceDirect was:

(“chatbot” OR “virtual assistant”) AND (“generative technologies”
OR “generative AI”) AND (“student support” OR “personalized
learning”) AND (“engineering teaching” OR “engineering learn-
ing” OR “engineering education”).

This adapted query maintained the main thematic focus while
adhering to technical limitations. Filters were applied to include
only publications published in English, with a preference for
peer-reviewed journal articles and research. The chosen search
string was designed to capture a broad, yet focused range of
studies related to AI technologies in engineering education.
Terms like “chatbot,” “virtual assistant,” “Al tutor,” and “Al-
assisted” reflect different forms of conversational or instruc-
tional AI tools. Including “generative technologies” and “gen-
erative AI” ensured coverage of studies involving content-
creating systems such as ChatGPT. Phrases like “student sup-
port” and “personalized learning” targeted the pedagogical
impact of these tools, while “engineering teaching,” “en-
gineering learning,” and “engineering education” narrowed the
scope to the relevant academic field. This combination enabled
the retrieval of diverse but context-specific literature. Due to
ScienceDirect's Boolean operator limit, a simplified version was
used, maintaining core concepts while adapting to platform
constraints. This strategic keyword selection enhanced both the

TABLE 1 | Criteria for inclusion and exclusion of articles.

precision and breadth of the literature search across the selected
academic sources.

3.3 | Screening Process and Criteria for Inclusion
and Exclusion

After the initial search, all retrieved records were further
screened and organized. Duplicate records were identified and
manually removed. The remaining studies were then screened
in three stages: first, by reviewing the titles to exclude appar-
ently unrelated publications; second, by evaluating the abstracts
to assess thematic relevance and alignment with the inclusion
criteria; and third, by reviewing the full text of the remaining
articles to confirm eligibility based on content and scope.

To ensure consistency and relevance, predefined inclusion and
exclusion criteria were applied (see Table 1).

Initially, a total of 1018 possible articles were retrieved from:
Google Scholar (952), Scopus (55), ScienceDirect (6), and Tay-
lor & Francis Online (5). After removing 47 duplicates and 7
non-English articles, 964 unique records remained for selection.
In the first stage of screening, the relevance of the titles was
reviewed, resulting in the exclusion of 848 records. In
the second stage, the abstracts of the remaining 116 articles
were evaluated, and 70 were excluded for not meeting the
thematic scope of the review. In the third and final stage, 46
full-text articles were evaluated based on inclusion and exclu-
sion criteria. Of these, 30 were excluded for reasons such as lack
of peer review, focus on non-engineering domains, or insuffi-
cient relevance to generative Al or chatbots. As a result, 16
studies were included in the final set. The entire screening and
selection process is illustrated in the flow diagram (see
Figure 1), which shows the number of records identified,
selected, excluded, and finally included.

This filtering process ensured that only high-quality, themati-
cally relevant studies were included for detailed analysis, en-
abling a focused, evidence-based synthesis of the research
landscape.

3.4 | Data Analysis

After the screening phase, a detailed content analysis was
conducted on the selected articles. A thematic synthesis
approach was employed in this review instead of a quantitative
meta-analysis. Statistical generalization of effect sizes was not

Inclusion criteria

Exclusion criteria

Studies that focus primarily on the application or impact of chatbots or

generative artificial intelligence in engineering studies.

Peer-reviewed journal articles.
Articles published between 2020 and 2024.

Articles written in English.

Studies that focus primarily on contexts other
than engineering studies.

Conference proceedings, academic books, and
opinion pieces.

Articles published outside of the stated
publication date.

Articles written in a language other than
English.
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FIGURE 1 | Flowchart of the study selection process in the review.

conducted because of variations in study design, measurement
instruments, and reported outcomes across the included stud-
ies. Nevertheless, the qualitative synthesis yielded a compre-
hensive understanding of the overall patterns and findings.
Although this review followed the PRISMA guidelines, no for-
mal quality assessment system was applied to the included
studies to ensure methodological rigor. Instead, methodological
quality was determined based on study design and clarity of
reporting. The aim of this analysis was to identify, categorize,
and synthesize recurring themes and patterns relevant to the
research objectives. In order to better understand the thematic
focus of the selected articles, a diagram of the most frequently
used keywords was created (see Figure 2). Keywords that
appeared only once were excluded from the visualization.

This diagram represents the most frequently occurring key-
words extracted from a selected set of publications included in
this literature review. The keyword chart visualizes key con-
cepts such as ChatGPT, higher education, generative artificial
intelligence, and engineering education, with the importance

of each term reflecting its frequency and relevance in the
dataset.

The analysis focused on several key aspects, including the
educational context and target population (e.g., engineering
studies or specific modules), the type of technology used (e.g.,
GPT-based chatbots or other generative models), and the ped-
agogical functions performed by these tools, including person-
alized learning, student support, content creation, or
assessment assistance. Furthermore, attention was paid to the
reported outcomes, such as student engagement, academic
performance, as well as challenges and limitations.

4 | Results

After completing the selection and eligibility assessment pro-
cess, a total of 16 studies were included in the final review.
These studies varied in geographical location, study design, and
focus areas, but all met pre-specified inclusion criteria related to
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FIGURE 2 | Keywords for selected publications.

the use of chatbots or generative artificial intelligence in en-
gineering studies. Table 2 provides an overview of the studies
included in this literature review, highlighting key character-
istics relevant to the use of generative Al in different research
contexts. For each article, the table indicates the research area,
the main role of generative AI in the study, the participant
groups, and the research instruments used. Participants’ edu-
cational level was only determined when it was clearly stated in
the original studies, and no assumptions were made when this
information was unclear. This categorization provides a clearer
understanding of how generative Al is applied across disciplines
and serves as a basis for further thematic analysis.

The reviewed studies reveal that generative artificial intelli-
gence has been applied in a variety of support roles for both
technical and cognitive aspects of student learning. The ana-
lyzed literature identified four main AI functions: (1) virtual
tutoring and problem solving assistance, including answering
questions, explaining code, and solving exercises [23, 30, 32,
34-36, 38-40, 42-45]; (2) assistance with writing and perform-
ing tasks, such as idea generation, editing and report writing
[23, 33, 34, 39, 41, 43, 45]; (3) assistance with coding and de-
bugging, including code generation, optimization, and error
checking [23, 33, 34, 36, 38, 43, 44]; (4) personalizing and
supporting education, especially through pre-lesson prepara-
tion, explaining concepts, and providing personalized resources
[33, 34, 37, 40, 44]. According to the reviewed studies, ChatGPT
was the most widely used generative Al tool, appearing in the
majority of research projects (at least 14 out of 16). Several
authors, including Albdrani and Al-Shargabi [30], Bravo and
Cruz-Bohorquez [23], and others, relied solely on ChatGPT in
their methodologies. Some studies used multiple tools; for ex-
ample, Mustapha et al. [39] experimented with ChatGPT, Bard,

Frequency

DALLE, and 3DGPT; Randall et al. [44] used ChatGPT-3.5,
ChatGPT-4, Bing, and Bard; Neyem et al. [40] investigated
GPT-4, GPT-3.5, and large language model meta-AI (LLaMa).
While ChatGPT clearly dominated, the inclusion of other tools
in several studies indicates a growing interest in exploring a
broader range of generative AI systems. Most studies indicate
that these tools primarily help facilitate communication, pro-
vide feedback, and support active problem-solving tasks within
educational education.

Methodologically, most studies used qualitative or mixed
methods, combining instruments such as surveys, semi-
structured interviews, and thematic analysis [23, 32, 43, 45].
Several studies also used experimental or quasi-experimental
designs with control and experimental groups, assessing
learning outcomes through pre- and post-tests [30, 35, 37]. The
number of participants varied greatly from small qualitative
studies with fewer than 10 participants [38, 42] to large-scale
quantitative surveys with more than 200 participants [37, 41].
Most studies focused on undergraduate engineering studies,
with fewer studies examining postgraduate studies or mixed
participant groups.

Several empirical studies report quantitative indicators related
to usage and performance that go beyond participant char-
acteristics. Elkefi et al. [34] report that 58.46% of students used
ChatGPT frequently and 5.75% rarely, while qualitative
responses highlighted perceived time savings during learning
activities. Randall et al. [44] provide comparative performance
results showing that GPT-4 passed 33% of unit tests compared
to 6.6% for GPT-3.5, along with usage statistics showing that
80% of students used AI tools for coding and 84% for time
savings. Pavlenko and Syzenko [41] report discipline-specific

6 of 21

Computer Applications in Engineering Education, 2026

85U801 SUOWILLIOD 8A1IE81D) 3ot dde 8Ly Aq peusenob afe sejoie VO ‘88N JO Sa|nI o} Akeid18U1UO /8|1 UO (SUONIPUOD-PUR-SLULIB) LD A3 1M AeIq U1 UO//:SdNL) SUORIPUOD PUe SWLS | 8U1 88S *[9202/20/60] U Akid1auljuo 8|1 ‘eilenti] sueiyood Ad ZeZ0. 980/200T 0T/I0p/w0d Ae|im Al jeuljuo//Sdny Wwolj pepeoiumoq ‘v ‘9202 ‘Z#S0660T



(senunuo))

‘sj[nsa1 aapeinuenb
Pa[re1ap Jo Jor]
"A[UO IOoMmIurelj
[eon2109Y) [enIU]

‘s1ouonnoeid
BIUWISpROR/A1)SNpUT

"(S1AN4) sousners
[elmsnpu] pue ssauisng
10J y10m)aN ueadoing
oys Jo Sunsy Surrds

oy woiy syuedronred
1 pue (do13081d
Surnnjoeynue

Ppoo9) 3sINod JINO

‘syse1 aannadal ur
s19yoea) TeorsAyd Suroerdax
‘59S1019%9 J1pne wioyiad o3

-9dods pajrwl] pue sjuapnjs Suoure (s 1015eIN) 9} Ul PI[[OIUD dIdM Jojnj TenjiIA B Se J0e 0) Sem Gurroaurdus [z€] (v202)
Pim Apnys Areurwipaid Pa1oNpuod sAAINS drenpeidisod syuapnis 7z Jo 1810} v IV 21 Jo 901 Arewtid ayJ, [eorway) ‘Te 19 9[eardIR)
‘SjuapnIs
[[e 01 pazijersuad
3q jouued s3urpuyy ayJ,
'S9SIN0J
Ie[IWIS UI SJUIPTIS ‘(spunoz
[1e Jo aanejuasaidal omy) ssaooid Surpo) '$95IN09 UlIddUISUD ‘JuB)SISSE
jou st odures ayJ, ‘SISAJeu® JIjBWAY], JruoneydIdW aantoddns pue ‘19ad ‘101M)
"Apnis 2y} jo yoeoidde ‘(suonsenb pue OIUOIOJ[Q JUAIRJIPp  Jurpnpour ‘ssedoid Surures] [s2] (#202)
aanyelrenb ayy o3 anp papus-uado pue papud oAy woiy syuedonied 9y} ur sofoa1 ordnnu uoneonpa zonbioyog
suone)Iwi] sey Apnis ayJ,  -pasod YIM) SAIAINS Srenpeidiopun 8¢ JO 810} V¥ pakerd s10qieyd IV Gurroourdug -ZNI) pue OARIg
"UOoOBIIUL
pue juouragde3ua
JO SUOIIBAISSqO
aAneenQ
'sj[nsaz1 zmb jo
SISA[eU® dATIRIIIUBNQ)
‘(eyep 2anelENDb pue
aanejiuenb) yoeoidde
SPOYI9W-PIXIA
‘dnoid Tejuswrradxd
3y} Ul [opow SHS oY}
P 1d01eyD Jo asn ‘110ddns Surures] Surisgo
RIREME] ‘(Jor3uod ‘dnoi3 [onuod ay3 ul 01 pue ‘sojdurexa Surpraoid
ULI3}-}I0YS UO SISNI0] pue [ejuswIadxa) pue dnois [eyuswrradxa ‘suonisonb Surromsue Aq Sururesy [0€] (£202)
‘[rews AJoAne[a1 sdnoi3 om1 yim oy ut o1 ‘syuedronied syuapnys Surd[ay ‘yue)sisse doap Aqreoyroads 1qeS1eys
st 9z1s o[dues ayJ, yoeoidde Apnjs ase) Srenpeidiopun 0z Jo 1810} V [eNIIIA B SB PIIOR I1dDIeYD ‘QouaIds BlR( -V pue TueIpqry
suoneIrwIy poylaw [YoIeasay [9A9] [eUOnIEINPH syuedonaeg Jrox IV (p1213/393[qns) sIoyIny
dAneIdUAS Arewnig BaIE SNO0Yq
'SOIPTYS POMIIAAI 9} JO SONSLIdJoRIRyd UlR)N | ¢ HTIV.L

10990542, 2026, 4, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/cae. 70232 by Cochrane Lithuania, Wiley Online Library on [09/07/2026]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

7 of 21

Computer Applications in Engineering Education, 2026



(senunuo))

‘ejep aanelenb
ul uonjeInjes
®Jep JNoqe Aurelraoun
‘sopnire
pue s[Irys Sunsixa
-a1d jo Surpuejsiopun
sy09p7e 9z1s orduies [[ews

"PaIapISU0D
JOU S9[qBIIBA [BUINXY
‘A3o10uy09}

IV LdDieyD 0} pajrury
“A[uo joedurr
SJBIPAWUWII UO SNI0]
“Aiqezirerousd
sy 2zis ordwes [[ews
*SUISOU0D
Koeard eyep pue
suoneordw [ed1Y)9 Jo
uornjeIo[dxa JuardFnSul
‘porxad
UONI[[0d BIBP PIAIWIT
‘suondoorad
,SJUSpNIS UO AJUO SNJ0]
*SOLIIUNOD
padoreasp woy
ejep 2AneIedwod Jo Yo

10y sopeid) eyep
douewLIofIdd Juspnis
RElpI:E)]

U} M SMIIAIIUL
PAIN)ONLI)S-TWAS
‘sjuapn)s
UM SMIIAIIUL
dnoid painjonns-rues
‘([eraL] oreos xopur
ssaurpeay ASofouyday,
oy Surpnpour)
direuuonsand

's)s93-3sod pue -a1g

‘suornsanb 2o10yd
-o[dpnw pue papud
-uado YIm sKaAIns
PaINJONIIS-TUISS
‘SISATeU® O eWAY],
"uorssa1gda1 onsido
'sonsnels aAnduosaq

‘sisA[eue oneway L,

(s, 10158 IN)
renpeidisod

(syuapmnys
Ky1s1oA1UN)
payoads joN

(syuapmys
Surreaurdus)
pay1oads JoN

"19YJed] T pUB ‘SjudpnIs
67 ‘syuedronied
0€ 30 8303 ¥

‘dnoig Tejuswiradxs oy
ur g¢ pue ‘dnoid [onuod
oy ut 9¢ ‘syuedronred
L JO 2101 V

‘syuedonted
S61 JO [e10} V

‘surarqoad
[eonewayIeW SUIAJOS
pue ‘voryezrundo apod
‘urpuejsiopun [en3doouod
Sursearour ‘uonerauad
opoo ‘Suiddngep pue
uryoayd 10119 ‘voneUR[dXd
9poo 10§ Afrrewrad
LdDIeyD pasn sjuspnis
'so1do) [euoneONpa
Jo 98pa[mouy Iy}
uadaap pue ‘Surpuelsiopun
Aj1rerd ‘ssefo 10y aredaxd
‘SOSIOIOXD QA0S O} J1 pasn
SJUSPNIS "SINIAIOE SSB[D
-JO-1N0 pue SSe[O-UI Yjoq
ur AJ1AIORINUI OUBYUD
0] pasn sem IdDIYD

-3urpod
pue ‘9oue)SISSE JI0MIWOY
‘Gunum se yons syse} Ioj
1003 110ddns [euoneonpg
‘seapl gurzienidaouod
pue ‘Suruweidord ‘Sunrm
Se Jons SySe} JIuapedr

uoreonpa
Surreaurdus
1oysiy
Ul uoneonpa
Surmwreidoig

Surwreidoig

uoneInpa
Surreaurdug

[9€] (#202) Te 10
uaslinyjooin

[s€] (+20T)
IPRIYONTV
pue yowkesen

[v€] (+202)
Te 39 yoyd

[¢€] (€202)

"SMITATIIUT (syuapnis a397]09) ‘syuedronted PIm sjuapnys djay douaos 1ayndwod ZJARY)) pue
V/N QUO0-U0-auQ payroads JoN 91 Jo [e10) 0} sem 9Jo1 Arewrrid ayJ, pue Sureauduy pos3unjAeyng
suonerury POYIdW [OIBISY [9A3] [euonedNpy syuedonred J[ox IV (p1913/103[qns) sIoyny
dAneIdUAS Arewinig BaIR SNJ0g
(ponupuo)) | zATIAV.L

10990542, 2026, 4, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/cae. 70232 by Cochrane Lithuania, Wiley Online Library on [09/07/2026]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Computer Applications in Engineering Education, 2026

8 of 21



(senunuo))

‘9[goid sJosn 2y} 0}
woy) Suriofre} uey) Idyjel
‘SUON)BPUSUITIOIAT JTIdUIT

sopraoxd wropierd ayJ,
“Aqronpoxdax
1oy sanbruyos)

Surnrssurdus jdwoid

PJUBApE JO 3sn ON

'sindino 9[qerrea
Surp[a1£ “onseyooIs
aIe S[00) [YUSD
"SONSSI payIIuapl
Zurajosar A[renuajod
‘parepdn Apue)suod
3Ie S[00) [YUSD
‘sIsA[eue
J11}AWOIqIq JO 95819400
9y} payruan] uonjedrqnd
Jo doed pider ay,
"o[qezIeIaudd
jou s3urpurq
‘pazATeuR SUONORIUIL
JO JoquINu pIYIWIT
"UOTJO[[0D BIBP PAIWIT
‘paxmbai s1 JouIeIUL )
pue 19Indwod & 0} SSA0IY
‘paxmbar
SIS 2ANTU309 Teroads
‘Surmrer3oid pue
Surreaurdus 01 payrwiry

-oLIqnI
uonen[ead Yim AAINS

‘gouewIoyred
,S[00} Y} djenyeAd
0} sydwoad ogroads

pasn A3y, "syse}
parera1-3urisourdus
[BOTURYOSW IO0J S[00)
[VU3D Pajos[es YIm
syuowIadxa pajonpuod
SIOYOIB3SAI YT,

"BJBp PIJOI[[0d
Jo sIsA[eue oneuWIAY[,

‘SIsATeue
1591-1s0d-1591-910
‘(syuswrugisse
dnoi3 pue renpiarpur

drenpeidiopun

V/N

RREYI PR ERE
‘{(paygroads jou)
uonesnpa 1YY

djenpeidiopun

‘SsoewW €11 pue
sorewdy L¢ ‘syuedronred
0GT Jo 18101 V

'sjtun 10 syuedronied
uo uoneurIojur apaoid
jou saop 1aded oy,

“(SeA[eSWAY) SIoyINe
o) syuedronted 9

‘dnoi3 [onuod ay)
ur g¢1 pue dnoid snoojy
oy ul 1z ‘syuedonied

96¢ Jo 18101 V

‘s109foxd
juswdoraAdp aIeMIJOS
119y} 0} paje[al sorranb

SIUSpNIS 0} SIOMSUR
puUe SUOIIEPUIWIWIOII
SIeME-)X9)U0D dp1aoid
0} SeMm [V QAIBISUSS

Jo oo1 Arewrud ayy,

‘Guruonyisod jonpoid
pue ‘uoneuawnoop
[eo1uyo9) ‘Sunooysa[qnorl
Suumoenuew
‘U0T)O[3S [BLId)eW
ut suonedridde ySnoiyy
seonoeld Teuorssajoid pue
Surreourdus [esrueydoW
90UBYUD 0) SI IV JO 901
aaneroudd Arewrrad oy,

"UonBINPI
SO pue Surwrweidoid 0y
Ppaie[al suonsanb Iamsue 0}

sem Apn3s sIy) ur 1dOrey)
Jo 901 Arewrud oy,

"SaNIATIOR sse[o-oxd
Ul SJUdpNIs 10J S9OINOSII
Surures] aanoeIAUI pUE
pazijeuosiad apraoid of,

uonednpa
Surroaurdus
aIBMIJOS

Surroaurdus
[BOTURYIIN
uoneonpa
Surwrwreidoxd
A[reogroads
‘uoneonpa
douaros 19nduwo)

[ov] (+202)
‘Te 10 WokoN

[6€] (+202)

‘Te 12 eydeisny

[8€] (+202)
‘Te 19 s[quinyg

suonewry

poylow [YoIedsay

[9A9] TeuonyeINpy

syuedonred

Jfox1 1v
dAneIdUAS Arewinig

Surwrwredoxd
Areoyoads [L€] (¥20T)
‘urroourduyg ‘Te 19 Bosany
(p1oy/193[qns) sioyny
vaIe SNJ0q
(ponunuo)) | ¢ HIAVL

10990542, 2026, 4, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/cae. 70232 by Cochrane Lithuania, Wiley Online Library on [09/07/2026]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

9 of 21

Computer Applications in Engineering Education, 2026



(senunuo))

‘uSIsap YoI18asal
£q payruury ST Snsax
Jo Aypiqezijerauad oy,

'syuapnys Jo dnoid [rews
® A[uo pazATeue 11 se ‘odods
peyu| & pey Apnys oYL,
syutod
JIwo Aew I9ye}djou
9[3urs ® uo doueIRY
‘dap
uorssnosIp pajoeduur
SJUTBIISUOD QUIL],
"KJISISATID
juasaidar jou Aewr
o[dures juedonied ayJ,

"SPOYJoW [EUOT)BAIISAO
w0y SHYSISsul 2AnRITeN)
*19IN309] Y}

A[uo paajoaur Apnjs ayJ,
aAndadsiad s 191N3991
a1} uo paseq are sSUIPUL]

‘Surewiop Jsruapede

‘SISAJeu® JIjewWaY],
*SMIIAISIUT dUO-UO
-9UO P3INJONIIS-TWISS
'sanbruyo9)
Gurures] sauryorW
3ursn sisd[euy
‘1dO¥eyD
Sursn syuawradxy
*SMIIAIIU]
‘KoAIng

"SISATeU® JIBWaY],
'suo1ssas dnoi3 snoog

'SISMSUR 9)eN[eAd 0}
swo)sAs Suner jo asn
*SOSIOIIXD
pue suonsanb
Po399]9s ST Jo s
*MOTJJ SuruIed] pIIsSIsse
-Iv ue jo juowrdoroasg
‘1003 SuruIed|
PpaIsISse-Iy U se
LdDIeyd jo uonenieag

‘w104 913009

(paygroads j0u)
uonesnpa 1YY

ayenpeidiopun

sIaquiaw A)noey
‘arenpeidisod
‘arenpeidiopun

denpeidiopun

(ayd ‘sIe1seN

‘syuedronred
6T Jo 18101 ¥

'$9sIN0d S Suidpnis
syuaprys pas A[ySiy
om} pue sapuarogord

Surpoo Suikrea yym

sjuapnis s Iofayoeg

'sIaquIsW A)[noej 9 pue
‘syuapnis ajenpeid 1g
‘syuapnis sjenpeidiopun
€1 ‘syuedronred
0 JO Te10) ¥

*(191M)09]
o)) juedonred 1

‘suonjeue[dxd ‘suonnjos
Surpiaoid £q sonewayjewt
Jurures] ur syuSpNIs ISISSY

'syse) Surrsauigus
aremijos 3unordwod
ur syuspnis sunioddns
pue ‘Opod Sunsixa
Sururerdxs ‘opod Sunum
papnyout sojo1 Arewrid 3y,
‘PayLIeA
9q ued AJBINOOE AIAYM
syse} Sunsrdwoo pue
‘soyelsIw 9pod Jurxy pue
Surpuy ‘syuswrugisse 10§
seapr Sunenrur Surpnour
‘uoryeonpa 1oy3Iy ur
Ldorey)D 10§ sojo1 [enudjod
snotreA saropdxa Apnis oy,

‘S[eLIa)RUI
9SIN0D ) WOIJ SISIOISXD
pue suonsanb 1omsue
0} pasn sem Id91eYD
‘Sunips 1x91
pue ‘Qrenb juawugisse
uraozdwr ‘seapt
Gururojsurelq ‘uonordurod
juowrugisse dn Jurpaads

SO RWAYIRIA

uoneonpa
Surreaurdus
2IBMIJOS

Gunreaurdus pue
douards 1ndwo)

UoIeONPa SWaIsAS
pappaquig

[st] (¥2oT)
ojowy

[+¥] (€202)
‘Te 19 [[epuey

[e¥] (b202)
Te 32 1qeley

[e¥] (€20T)
‘Te 19 weyd

921y} ATUO UO SNJ0g y3no1yy £saIns auruQ ‘s J0[oyoRy) ‘[BASLI31 UOIJBULIOUL [t¥] (#20T)
-oz1s ordwres "9reos 11917 jutod-g uoneInpd ‘syuedronted 10J sjuapnis Aq pasn 1I ‘Surrosuidus 0 USZAS
[Tews AfoAne[oyd aIreuuonsang 19YS1y paxIN LYT JO Te101 Aurewnd sem [d9DIYD ‘ssaursng pue oyus[ARd
suonerury POYIdW [OIBISY [9A3] [euonedNpy syuedonred J[ox IV (p1913/103[qns) sIoyny
dAneIdUAS Arewinig BaIR SNJ0g
(ponupuo)) | zATIAV.L

10990542, 2026, 4, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/cae. 70232 by Cochrane Lithuania, Wiley Online Library on [09/07/2026]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Computer Applications in Engineering Education, 2026

10 of 21



83 Tag 8 —
55 =273 S <38
wl 20O S 2 dn 5gﬁa
glgg E2¢ 22553
SlE=s £=328S4EET
S| 28490 ¢ o8 n®a 9
] Ed =880 .
2823 5%° B 9 2 dg g
L PE2E82Es8 0
g S o®E =28t §58.8°
o= | wn ODDNGJUQEEV)
'_]..q—g '4-1;:04—:gh>46
== =9 2 o = 83 0
on © 5} At s 2 O
‘A o o T S8 go
0% Z < )
A © @]

ol & w

&l 3 & =

S S g =

| O g5 o4 &

QLH(/]v—ie

E|l°s 33
2838 &

< 2 2

ol 2 8 EQ

= B & 2

“U —~ n

u£a<ﬂ0

@3 o

2/ E =

[ 8 ~

a,

o

)

>

Q

—

=

=]

=}

=1

-

<

Q

=

=

=

7

E=)

=]

<

(=%

B

Q

=1

T

<

Ry

helping with tasks like
essay writing

Primary generative
Al role
and proofs, as well as

~~
Q=
EO
wn
g3
b~}
=)
=B
7/}
. ~—
el
Q
=
£
=
o
Q
4
[o\}
(=}
53]
= 5
2| 2
P

success, were not

covered.

Abbreviation: N/A, data not provided in the article.

usage intensity: 43% of IT students report regular use of
ChatGPT, as well as task-related usage patterns such as writing
assignments and literature review assistance. Rajabi et al. [43]
refer to time-constrained focus group sessions used to verify
task accuracy without providing quantitative indicators of sys-
tem performance.

A consistent pattern across all studies is that generative Al was
not used as a stand-alone teaching method, but rather as an
augmentation tool to existing pedagogical strategies. In several
studies, it replaced or supplemented repetitive or technical
tasks, allowing educators to focus on higher-level teaching
activities [32, 39].

In addition to general study designs and participant character-
istics, several studies also described specific methods used to
assess the correctness and reliability of responses generated by
chatbots. Caccavale et al. [32] describe small-scale pilot tests
and qualitative peer review to assess the appropriateness of
model responses before implementation. In technical and pro-
gramming contexts, correctness was often assessed through
task-based verification. For example, Humble et al. [38] com-
pared responses generated by chatbots with deterministically
verifiable programming solutions, while Mustapha et al. [39]
assessed compliance with basic engineering decision proce-
dures and systematically identified errors. Furthermore, Neyem
et al. [40] evaluated the results using a rubric-based recom-
mendation quality assessment supplemented by readability
analysis and similarity measures. Additional structural valida-
tion methods were described in several studies. In the context of
mathematics and software engineering, the correctness of
chatbots was assessed by comparing generated responses to
verified solutions or teacher-provided reference responses, as
demonstrated by Remoto [45]. In programming education,
automated unit testing was used to evaluate the functionality
and correctness of generated code and to quantify performance
in terms of test pass rates [44]. Meanwhile, responses were
validated using multi-stage verification procedures that com-
bine manual code review with hardware testing on the Arduino
platform using a structured evaluation framework in embedded
systems education [42]. Overall, the reviewed studies show that
chatbots are most often evaluated based on learning outcomes
and user perceptions, while systematic technical validation of
the accuracy and consistency of responses is less frequently
provided.

To better understand how generative Al was applied across all
included studies, Table 3 summarizes the specific objectives and
key findings of each study. This focused synthesis highlights not
only what the researchers set out to investigate but also the key
findings and insights from their research.

Most studies have focused on investigating the effectiveness of
Al chatbots, especially ChatGPT, in enhancing learning pro-
cesses in a variety of engineering educational contexts, includ-
ing programming, data science, and creative disciplines [23, 30,
33, 35, 37, 39, 42, 45]. A primary focus across the reviewed
studies was enhancing personalized learning experiences
[30, 41], improving learning outcomes, and supporting students
in a range of academic tasks [33, 40, 42, 43] and integrating Al
chatbots like ChatGPT into flipped learning strategies to
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TABLE 3 | Overview of study aims and results.

Authors

Study aim

Key findings

Albdrani and Al-
Shargabi (2023) [30]

Bravo and Cruz-
Bohorquez (2024) [23]

Caccavale et al.
(2024) [32]

Duhaylungsod and
Chavez (2023) [33]

Elkefi et al. (2024) [34]

Gasaymeh and
AlMohtadi (2024) [35]

To investigate the effectiveness of ChatGPT in
providing personalized learning experiences
for data science education, specifically
focusing on deep learning.

To examine the influence of using AI chatbots
on learning within the context of engineering
education across five different courses.

To investigate the use of AI models,
specifically Large Language Models, as virtual
tutors in chemical engineering education.

To analyze how AI models can support
students in making ideas and innovations and
developing creative ideas.

To examine the opportunities and challenges
associated with ChatGPT utilization among
engineering students in developing nations,
using both open-ended interview data and a
mixed-methods approach.

To examine the impact of the Flipped
Interactive Learning (FIL) instructional model
based on ChatGPT on students' programming
skills in a large undergraduate programming
class.

ChatGPT with the 5E model increased student
engagement by providing personalized support.
The results showed improved learning
outcomes with ChatGPT and the 5E model.
The students felt supported and encouraged by
the personalized learning experience with
ChatGPT.

AI chatbots help students recall previous
knowledge and learn new concepts.

They act as tutors, explaining concepts and
adapting to individual needs.

Students had difficulty assessing the reliability
of the information provided by chatbots,
despite some awareness.

Most students are unsure about replacing
teachers with Virtual Tutors (VTs) in specific
courses.

The majority of students worry about the
quality of VT responses.

Both students and industry/academia
practitioners generally believe VTs should
support teachers rather than replace them, and
they could reduce teacher workload and
improve information quality.

Implementing Al in education requires careful
attention to ethics, including data privacy and
fairness.

Conversational AI models help students with
tasks such as writing, programming, and idea
development.

They provide instant feedback and real-time
information, saving research time.

However, overreliance on Al can reduce
creativity, critical thinking, and problem-
solving skills.

The convenience of Al can be addictive,
reducing students’ motivation to think
independently.

The internet access and ease of use of
technology are important factors that enable
the widespread use of ChatGPT among
students.

The main concerns that may limit the
continued use of ChatGPT relate to accuracy,
privacy, dependency, and potential negative
academic consequences.

Both the conventional Flipped Learning (FL)
and the Flipped Interactive Learning
instructional models significantly improved
students’ programming skills in Visual Basic 6.
The FIL instructional model, which integrated
ChatGPT to enhance interactivity, showed a
slightly higher mean posttest score compared to
the conventional FL model, suggesting the FIL
model may be more effective.

(Continues)
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TABLE 3 | (Continued)

Authors

Study aim

Key findings

Groothuijsen et al.
(2024) [36]

Huesca et al. (2024) [37]

Humble et al.
(2024) [38]

Mustapha et al.
(2024) [39]

Neyem et al. (2024) [40]

Pavlenko and Syzenko
(2024) [41]

To identify how to adapt programming
education in higher engineering education
following students’ use of Al chatbots.

To evaluate how ChatGPT complements and
enriches the traditional flipped learning
strategy in higher education, particularly in
engineering courses.

To identify potential opportunities and threats
of ChatGPT for programming education.

To track the landscape of issues surrounding
GenAl tools and elucidate opportunities and
limitations for enhancing mechanical
engineering education and professional
practices.

To introduce and evaluate an AI Knowledge
Assistant designed to enhance software
engineering students’ ability to gather and
utilize knowledge effectively in capstone
project courses.

To explore students’ experiences using
ChatGPT for learning purposes and
investigate their satisfaction levels with the
support provided by this tool.

Students used ChatGPT in six ways, including
error checking, conceptual understanding, code
optimization, and code generation. Students’
use of ChatGPT did not fully align with the
teacher's expectations, as they used it more for
explanations and debugging rather than code
generation.

The teacher perceived a decrease in students’
learning, particularly in the pragmatic aspects
of programming, despite their learning of
syntax and semantics.

ChatGPT-enhanced flipped learning
outperformed traditional video-based
approaches.

ChatGPT provides interactive, tailored tutoring
support.

Real-time explanations and examples deepen
conceptual understanding.

ChatGPT could have significant implications
for programming and higher education.
ChatGPT could help teach and learn,
potentially opening the way to new educational
practices.

ChatGPT poses a threat because it allows
cheating and conceals a lack of understanding.
The potential of ChatGPT requires teachers to
rethink how they assess basic skills.

The study presents the first comprehensive
assessment of GenAl in mechanical
engineering, focusing on the implications for
various aspects of the field.

Experiments with GenAl tools have revealed
their capabilities and limitations, indicating
their imminent integration into mechanical
engineering education and practice.

Students preferred large language models for
queries, either directly or enriched with
insights from local repositories.

Using LLMs significantly improved student
comprehension compared to traditional lessons
learned (LL) repositories.

Integrating LLMs into project tracking
platforms improved readability and aligned
language styles with the student experience.

Students mostly use ChatGPT for information
retrieval and language-related tasks such as text
editing.

The study highlights the need for individually
tailored strategies to meet the different needs of
academic disciplines.

Business, engineering, and IT students report
high satisfaction with using ChatGPT for
learning purposes.

(Continues)
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TABLE 3 | (Continued)

Authors

Study aim

Key findings

Pham et al. (2023) [42]

Rajabi et al. (2024) [43]

Randall et al. (2023) [44]

Remoto (2024) [45]

To explore the potential of using ChatGPT as
an Al-assisted learning tool in an introductory
course on embedded systems.

To explore student and faculty perspectives on
the use of ChatGPT in postsecondary
education settings, focusing on how it could
be integrated and how faculty might respond
to this technology.

To investigate the impact of AI on software
engineering education and explore how AI
tools should be integrated into curricula.

To assess the advantages and disadvantages of
using Al chat models in learning mathematics
based on the experiences of mathematics-

ChatGPT has significant potential to assist
students in an introductory course on
embedded systems by providing valuable
insights and personalized support.

Students need to be trained in how to use
ChatGPT effectively.

Lecturers should adapt courses to utilize
ChatGPT while maintaining academic
integrity.

Clear guidelines and reporting are needed for
students to use ChatGPT to protect academic
integrity.

Opinions about ChatGPT in higher education
are mixed, with both advantages and
disadvantages.

Educators need to align the use of ChatGPT
with academic standards.

Detecting code written by Al is not always
possible, so there is a shift towards tolerating
the use of Al

Al should be integrated into student workflows
to increase efficiency and productivity, and
curricula should fully implement Al

Al chat models can accurately respond to chat
prompts in problem-solving and explanations,
reinforcing mathematical learning.

oriented students.

These models sometimes provide inaccurate
results or incorrect methods, which can be
corrected upon re-running the prompts.

AI models are more useful for essay tasks than
mathematical solutions.

increase interactivity and conceptual understanding [35, 37].
Key findings included improved learning outcomes [30, 35, 37],
increased student engagement and motivation [30], and the
development of higher-order skills such as critical thinking and
conceptual understanding [33, 37]. The research consistently
highlighted the potential of AI chatbots to provide immediate,
personalized feedback and support [30, 33, 40, 42]. At the same
time, multiple studies emphasized the need for proper imple-
mentation, student guidance, and pedagogical alignment to
ensure responsible and effective use [37, 40, 41, 43, 45]. Several
studies suggested that educators may need to adjust their
teaching methods and assessment strategies to effectively inte-
grate Al while maintaining academic standards [43, 44]. How-
ever, some studies raised concerns about the potential for
students to over-rely on Al tools, which could undermine the
development of critical thinking and problem-solving skills
[23, 33]. Although artificial intelligence has educators’ potential
to reduce the workload and offer personalized assistance,
skepticism still remains about its reliability and broader ethical
implications, including data privacy, fairness, and academic
integrity [23, 32, 43]. Furthermore, a misalignment is evident
between how students and educators use or perceive Al tools.
For example, students tend to use ChatGPT primarily for ex-
planations and debugging rather than for code generation,

which some instructors interpret as a reduction in the depth of
applied learning [36]. Additionally, while students who used
ChatGPT often reported learning more efficiently and produced
higher-quality solutions in less time, instructors often noted a
decline in code quality and overall learning outcomes [36].

Although the reviewed articles examined various aspects of
integrating generative artificial intelligence into engineering
studies, the results are presented below to directly answer the
research questions raised in this study.

RQ1. How do chatbots and generative Al technologies affect
students’ learning outcomes, engagement, and skills development
in engineering courses?

Table 4 provides a comprehensive overview of the observed
learning outcomes, engagement methods, and skill develop-
ment in the disciplines. By comparing the results of several
studies, this summary highlights both the potential benefits and
challenges of integrating Al tools into educational practice.

In their study, Albdrani and Al-Shargabi [30] found that the
implementation of ChatGPT in conjunction with the 5Es model
had a positive impact on student learning outcomes. The
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TABLE 4 | The impact of Al technologies on student learning outcomes, engagement, and skill development.

Paper

Learning outcomes

Engagement method

Skills development

Albdrani and Al-
Shargabi (2023) [30]

Bravo and Cruz-
Bohorquez (2024) [23]

Caccavale et al.
(2024) [32]

Duhaylungsod and
Chavez (2023) [33]

Elkefi et al. (2024) [34]

Gasaymeh and
AlMohtadi (2024) [35]

Groothuijsen et al.
(2024) [36]

Huesca et al.
(2024) [37]

Humble et al.
(2024) [38]

Mustapha et al.
(2024) [39]

Rajabi et al.
(2024) [43]

Randall et al.
(2023) [44]

Remoto (2024) [45]

Improved outcomes through
tailored, active learning support

Improved programming mastery
and efficiency

Improved understanding and
performance

Enhanced task completion and
innovation

Improved performance and
continuous learning

Improved programming skills

Syntax and semantics
understanding; Pragmatics
insufficient

Normalized learning gain
improvement

N/A

Correctness of answers in
analytical reasoning tasks, errors
in unit conversions and
multiplication

Enhanced research support but
potential reduction in learning
N/A

Enhanced mathematical
understanding and problem-
solving support

Increased participation,
active engagement

Increased engagement
through personalized
learning and efficiency

Increased participation,
easier question-asking

Increased engagement
through personalized
learning and time efficiency

Increased engagement
through accessible AI
support

Increased participation
through personalized
attention

Decreased collaboration

Increased participation,
more independent learning,
stimulated interest

Enhanced engagement
through critical thinking

N/A

N/A

Increased engagement
through improved
perceptions and
productivity
Increased engagement
through accessibility and
practicality

N/A

Coding, critical thinking

Critical thinking

Innovation and creativity

N/A

Programming skills enhanced

Mixed impact on programming
skills; improved syntax and
semantics, insufficient
pragmatics
Problem-solving, conceptual
understanding
N/A

N/A

N/A

Improved coding efficiency

N/A

Abbreviation: N/A, data not provided in the article.

personalized ChatGPT guidance contributed to improved
learning by addressing individual needs and providing oppor-
tunities for active application of knowledge. Regarding en-
gagement, the authors noted that the integration of ChatGPT
had a positive impact on student participation because its per-
sonalized nature encouraged a sense of responsibility and
agency in the learning process. A study by Caccavale et al. [32]
aimed to enhance the learning experience and increase the
engagement of chemical engineering students by providing
stimulating materials and games. They hypothesized that stu-
dents would be more engaged by the gamified nature of the
virtual tutor and would be less afraid to ask more questions.
Their study also emphasizes the need for students to develop
critical thinking skills and a comprehensive understanding of
the principles of LLMs. Furthermore, the use of Al models can

promote students’ creativity and innovative thinking by pro-
viding new ideas and expanding their broadening concepts [33].
Elkefi et al. [34] provided insights into the usage patterns of
ChatGPT, reporting that 58.46% of users used it frequently,
while only 5.75% used it rarely. The high percentage of users
with constant access to the internet (97.70%) and comfortable
using technology (87.36%) indicates greater engagement due to
the available AI assistance.

The studies show that integrating Al tools into programming
education can significantly enhance student learning outcomes.
Huesca et al. [37] reported improved normalized learning
achievement, increased engagement, more independent learn-
ing, and increased student interest when using ChatGPT with
flipped learning strategies. This led to improved problem-
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solving skills and conceptual understanding. Gasaymeh and
AlMohtadi [35] studied the effectiveness of flipped learning and
flipped interactive learning models in programming instruction.
They found that both models significantly improved learning
outcomes, with FIL showing superior results. The FIL group
achieved a higher average normalized learning gain (52.85%)
compared to the FL group (41.29%). Bravo et al. [23] reported
that students found AI chatbots useful in acquiring prior pro-
gramming knowledge, dispelling doubts raised during previous
lessons and facilitating the acquisition of new concepts. They
observed that students used AI chatbots to optimize learning
time, answer specific questions more effectively, and save time
searching for information. The study also found that AI chat-
bots contributed to the development of critical thinking skills as
students learned to detect errors and carefully check their an-
swers. However, Groothuijsen et al. [36] observed mixed effects
on the development of programming skills. Although the stu-
dents improved their understanding of syntax and semantics,
their pragmatic skills were insufficient. The authors also
observed a decrease in student collaboration when using
ChatGPT, as students tended to rely on the Al tool rather than
interact with their peers. Similarly, Randall et al. [44] empha-
sized the importance of teaching students to develop general
application strategies rather than relying solely on the AI-
generated code. Research revealed that a large majority of stu-
dents in their institution's software engineering courses had
incorporated Al tools into their programming practices. The
researchers recommended designing curricula that encouraged
or potentially required students to independently formulate the
basic structure and approach of their programs.

Although the integration of AI tools has shown potential in
programming education, similar benefits and challenges have
been observed in mathematics education. Remoto [45] investi-
gated the use of AI models in mathematics education and found
that students found these tools accessible and practical for
understanding mathematical concepts. The study reported im-
proved mathematical understanding and problem-solving sup-
port, suggesting that AI models may offer students additional
resources to explore mathematical ideas. However, the study
also highlighted potential shortcomings, noting cases where Al
models provided inaccurate or incomplete answers to mathe-
matical queries.

Rajabi et al. [43] presented mixed findings on the impact of
ChatGPT on learning, highlighting its ability to enhance
learning experiences and provide research support. However,
they also warned that inappropriate use of the tool could
potentially hinder learning progress. Complementing these
findings, Mustapha et al. [39] examined the accuracy of Al tools
in analytical reasoning tasks, specifically noting errors in unit
conversions and multiplication.

RQ2. What are the challenges of using chatbots and generative AT
in higher engineering education?

Studies identified a range of challenges related to the use of
chatbots and generative AI in higher education, spanning
technical, pedagogical, and ethical areas. Tools such as
ChatGPT often struggled to cope with complex, subject-specific
content, leading to oversimplified or inaccurate results. From a

pedagogical perspective, overreliance on these tools has been
associated with reduced critical thinking, creativity, and col-
laboration among students. Ethical issues such as plagiarism,
cheating, and data privacy risks are also commonly reported.
Table 5 presents the main challenges identified in the reviewed
studies.

The integration of Al tools into educational contexts poses a
number of interrelated and multifaceted challenges. Quality
and accuracy issues are often raised, with studies reporting
incorrect assessments [30], errors in the generated code [23],
and general accuracy issues [34]. Generative AI has occasion-
ally provided incorrect evaluations of student responses and
sometimes repeated or omitted steps, requiring teacher inter-
vention [30]. Generative Al effectiveness is highly dependent on
the quality of user input, which can be disadvantageous for
students who struggle to formulate clear queries. The com-
plexity of Generative AI responses can also be difficult for
students to understand, sometimes requiring additional ex-
planations [23].

There are some concerns about the impact of ChatGPT on
critical thinking and creativity, with Duhaylungsod & Chavez
[33] warning that overreliance on generative AI may discourage
these skills. This concern is also mentioned by Huesca et al.
[37], who stress the need to ensure that students do not become
overly dependent on ChatGPT. Overreliance on ChatGPT is a
recurring challenge [34, 36], which can lead to a reduced
investment of time in learning and skill development. The use
of the tool appears to have a negative impact on student col-
laboration and peer learning [36], as students rely on ChatGPT
rather than working with peers, which can replace valuable
peer interactions. Groothuijsen et al. [36] also observed insuf-
ficient learning of pragmatic aspects of programming and a
decrease in code quality.

Humble et al. [38] highlight that ChatGPT can hinder learning
by facilitating cheating and masking a lack of understanding
and highlights the need to reconsider the assessment of basic
skills in terms of ChatGPT abilities. Academic integrity issues
are prominent, including difficulties in detecting plagiarism
[43], challenges in preventing the use of AI in unsupervised
situations, and ensuring equal access to the most powerful Al
tools [44]. There are also important ethical and privacy issues
[32, 43] related to data privacy, bias in Al responses, and the
need for fact checking. In addition, potential challenges include
how to avoid encouraging laziness [34], and copyright issues
related to image-based generative Al tools [39].

Several authors identified technological challenges related to
ChatGPT's limited depth of understanding, simplification of
complex topics, and inconsistent quality of responses. Mustapha
et al. [39] noted that ChatGPT does not understand specific
technical details well enough and tends to oversimplify complex
engineering concepts. Neyem et al. [40] identified challenges
related to improving the efficiency of the LLM API, improving
the clarity and relevance of responses, and addressing issues
such as misleading information, insufficient detail, and lack of
contextual information. Pham et al. [42] noted that complex
questions often require multiple follow-up steps and that
some responses initially provide misleading information.
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TABLE 5 | Challenges of generative Al in engineering education.

Paper

Challenges

Albdrani and Al-Shargabi [30]
Bravo and Cruz-Bohorquez [23]

Caccavale et al. [32]

Duhaylungsod and Chavez [33]
Elkefi et al. [34]

Groothuijsen et al. [36]

Huesca et al. [37]

Humble et al. [38]

Mustapha et al. [39]

Neyem et al. [40]

Pham et al. [42]

Rajabi et al. [43]

Randall et al. [44]

Remoto [45]

Incorrect evaluations by ChatGPT

Dependency on query clarity

Complexity of responses

Difficulty in critical evaluation

Errors in generated code and inaccurate answers

Ethical and fairness concerns
Privacy risks
Quality of responses

Overreliance on the tool discourages creativity and critical thinking

Accuracy issues

Privacy concerns
Laziness promotion
Dependence on the tool

Decrease in code quality

Negative influence on pair programming
Decrease in student collaboration
Insufficient learning of pragmatics
Student overreliance on ChatGPT

Ensuring students do not become overly reliant on ChatGPT
Cognitive skill necessity

Language quality differences
Inaccurate responses
Cheating potential
Interferes with learning

Errors in computation
Challenges in developing informal learning skills
Symmetry and geometric errors in image generation

Response time issues

Inconsistent accuracy and relevance of responses
Lessons learned are not described in sufficient detail
No error messages

Lack of contextual information in code examples
PLM performance differences

Inconsistent Al responses results
Challenges in maintaining assessment integrity
Difficulty evaluating Al-generated content

Academic integrity challenges
Plagiarism detection

Ethical concerns

Bias in AI responses
Accuracy issues in grading
Data privacy concerns

Monitoring AI use in practical assignments
Detecting Al-written code

Identifying mixed human-AI code
Handling incorrect Al information
Ensuring good coding practices
Accessibility issues with Al tools
Preventing educational inequality

Inability to provide sources and handle complex mathematical symbols

Limited applicability for mathematical tasks
Reduced critical thinking and research skills
Inaccuracy and inconsistency in responses
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Furthermore, Remoto [45] highlighted limitations in handling
complex mathematical symbols and the inability of AI models
to provide sources for their solutions.

5 | Discussion

An examination of the reviewed studies shows that none of them
explicitly report whether supervised learning, unsupervised
learning, or reinforcement learning was employed. All empirical
studies treat chatbots and generative Al systems as existing tools,
focusing mainly on experimental design, data collection, and
educational impact evaluation rather than on the technical
training mechanisms of the models.

The reviewed studies also indicate that chatbots are increasingly
used to support learning activities in engineering education,
including programming, problem solving, and feedback provi-
sion [23, 35, 37, 44].

Despite these educational benefits, Al chatbots also introduce a
range of pedagogical and practical challenges. AI chatbots may
face limitations in understanding and appropriately responding
to emotions and contexts, which can result in inappropriate
responses. Likewise, there is a risk of creating a cold and
mechanical environment if interaction with chatbots becomes
exclusive, which could negatively affect the warmth and human
dimension in the class environment [12]. If students become
overly dependent on AI chatbots for consultation and academic
support, their engagement in direct interactions with professors
may decrease [23]. As a result, professors may have fewer
opportunities to closely monitor students’ progress and guide
them in their learning process [23]. Moreover, educators may
find it difficult to accurately assess student performance when
using Al chatbots for assignments and assessments, thus pre-
venting effective tracking of student learning issues [23].

Beyond pedagogical concerns, a cross-analysis of the reviewed
literature indicates that LLM-based chatbots exhibit recurring
limitations when applied to multi-step engineering problem
solving. Several studies report numerical inaccuracies, incorrect
calculations, and procedural errors in tasks involving mathe-
matics, programming, and analytical reasoning, including unit
conversion mistakes, flawed arithmetic operations, and
incomplete solution steps [32, 34, 39, 45]. In programming and
software engineering contexts, chatbots were found to support
syntax and basic semantics but struggle with pragmatic un-
derstanding, complex task decomposition, and maintaining
solution quality across multi-step workflows [36, 38, 42, 44].
Multiple studies further indicate that chatbots may generate
incorrect or misleading solutions with high confidence and
without internal verification, requiring students to critically
evaluate outputs, particularly in engineering tasks that demand
sequential reasoning and procedural accuracy [34, 45].

Preventing plagiarism plays a critical role in protecting aca-
demic integrity and the ethical foundation of education [12].
ChatGPT can generate plausible data, but it does not reference
the source of the data, which leads to concerns about the
integrity of the information [32]. Beyond ethical and integrity
concerns, ChatGPT also faces human-interaction challenges

that highlight its limitations as a teaching tool. While efforts are
still underway to advance NLP technology to detect human
emotions through tones and expressions, technology still has
limitations and cannot serve as a replacement for humans.
Though ChatGPT can offer consistent support and guidance, it
cannot surpass the level of interaction through traditional
teaching methods provided by humans [32].

In addition to the studies included in this review, several recent
publications compared the performance of different generations
of GPT-based chatbot systems in educational contexts. ChatGPT-
3.5 demonstrated robust functionality on structured learning
tasks, successfully completing the tasks in 45 out of 51 cases and
significantly improving the quality of students’ summaries
(t=-9.220, p < 0.05) [46]. The more advanced models performed
better in all areas: GPT-4 achieved 92.1% accuracy on advanced
cardiovascular life support assessments and 96% accuracy on
basic life support tests, and also outperformed engineering stu-
dents on physics concept tasks [47]. Customized GPT systems
based on GPT-4.0 were found to enhance positive emotions,
situational interest, and self-efficacy while reducing cognitive
load, although no significant differences were found in learning
outcomes (p=0.750) [48]. In direct model comparisons,
ChatGPT-4o achieved significantly better results than ChatGPT-4
and outperformed other tested models on graph analysis tasks,
while Falcon 7B demonstrated competitive results on university
FAQ applications (BERTScore =0.771; ROUGE-1 =0.671) [49].
These studies collectively found that GPT-4 and ChatGPT-40 are
the best-performing systems among currently used educational
chatbots, with consistent improvements across model genera-
tions in terms of accuracy and task efficiency.

Beyond the studies included in this review, recent examples
also illustrate the potential of Al-supported learning in domain-
specific engineering environments. For example, in the Aladdin
modeling environment [50], generative AI tools such as chat-
bots can be used to support learning in energy-efficient building
design by helping engineering students define design con-
straints, explore alternative strategies, and interpret modeling
results. In this context, Al acts as a thinking partner, helping
with reasoning, reflection, and outcome-oriented decision-
making during the design process.

The additional literature also draws attention to the challenges
educators face when implementing Al-supported learning en-
vironments. As the implementing agents in direct interaction
with students, teachers hold a critical role in achieving the goal
of fostering AI literacy among students within their teaching
subjects. However, teachers face several practical difficulties in
designing, managing, and implementing Al-integrated lessons.
Teachers reported to perceive that they needed to be supported
with more time and appropriate resources or activities for Al-
integrated lessons, even if they were eager to implement Al
lessons [51].

Additionally, teachers may worry about integrating Al into
their practices, as well as ethical considerations like data pri-
vacy, algorithmic bias, academic integrity, and teacher auton-
omy. Moreover, without sufficient institutional support and
alignment with teaching goals, these concerns can create
implementation challenges [12, 22].
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While institutions may provide support in terms of policy,
infrastructure, or general guidelines, this support often falls
short of addressing the specific, actionable needs of teachers
who adopt AI tools, making AI less relevant to day-to-day
teaching contexts. Furthermore, teachers' autonomy in select-
ing technologies also plays a significant role, as they prioritize
tools that reflect their unique teaching styles, relying on per-
sonal experiences or peer recommendations rather than insti-
tutional directives [52, 53].

For instance, although AI tools may in certain regards raise
teachers’ confidence by providing supporting justifications for
teaching plans, this feeling was juxtaposed by some teachers
experiencing uncertainty due to the occasionally unreliable AI
outputs and unresolved evidential questions. Moreover, gener-
ative Al tools were used by teachers to find recent research and
pedagogical techniques, in contradistinction, some teachers
encountered the problem that the technologies sometimes
produced outdated or inaccurate information [54].

Educators face comparable challenges, with anxieties often
stemming from uncertainties about how to effectively integrate
Al into the classroom and feeling overwhelmed with its tech-
nical demands. Excessive reliance on AI or perceptions of
constant monitoring in classrooms may contribute to educator
anxiety and stress [55].

Additionally, some studies suggest that teachers often lack the
necessary understanding of AI technologies and may feel dis-
empowered by their use, which contributes to a decline in self-
efficacy and reluctance to adopt these tools. For instance,
despite positive perceptions of AI's potential benefits, only a
minority of primary teachers have effectively implemented AI
and ChatGPT in their classrooms, often due to a lack of readi-
ness and knowledge [56].

Overall, the reviewed studies demonstrate a consistent pattern
across engineering education contexts. While the specific ap-
plications of chatbots and generative Al varied across disci-
plines, most studies reported positive effects on student
engagement, personalized learning, programming support, and
problem-solving activities. At the same time, studies highlight
concerns related to academic integrity, overreliance on Al-
generated content, reduced student collaboration, and limita-
tions in handling complex engineering tasks. While educational
benefits were reported fairly consistently across studies, find-
ings regarding the impact of AI on skills varied, with some
studies reporting enhanced critical thinking and conceptual
understanding, while others raised concerns about reduced
independent thinking and overreliance on AI assistance.

6 | Conclusions

The integration of generative Al tools into higher education,
particularly in engineering disciplines, has shown significant
potential to improve learning outcomes, support skill develop-
ment, and promote student engagement. These tools can help
students understand complex technical content, promote self-
directed learning, and foster creativity and problem-solving,
competencies that are important in engineering studies.

Students have also benefited from the direct and personalized
impact of Al-generated feedback, which can make learning
more accessible and interactive. Furthermore, AI has shown the
potential to optimize learning time and improve understanding
in both theoretical and practical learning contexts.

The identified challenges highlight the need for a cautious and
contextual approach to integrating chatbots and generative Al
into higher education. Rather than simply relying on the
capabilities of these tools, institutions need to critically assess
how their use aligns with pedagogical goals, contributes to skill
development, and supports academic integrity. This is particu-
larly important in engineering education, where learning is
based on technical accuracy, problem solving, and practical
application. Particular attention should be paid to reducing
overreliance on generative Al, ensuring that students are active
participants in the learning process, and preserving opportuni-
ties for collaborative and experiential learning. In addition,
addressing technical limitations, clarifying ethical boundaries,
and providing guidance on responsible use will be essential to
maximizing educational value and minimizing risks. In the
context of engineering programs, it is also crucial to recognize
the limitations of Al in processing content specific to the subject
area and to adapt assessment practices accordingly.

This review contributes to the growing body of research on Al-
enhanced engineering education by synthesizing evidence on
the use of chatbots and generative Al tools in engineering
learning environments. The findings provide a consolidated
overview of their educational benefits, implementation chal-
lenges, and implications for future research and educational
practice.

One limitation of this study is the relatively narrow availability
of studies due to the chosen time period and the specific focus
on engineering studies. Since the widespread use of generative
Al tools in higher education, especially in the face-to-face
classroom, is relatively new, the number of peer-reviewed
studies that met the inclusion criteria was limited. This limi-
tation may have excluded relevant but new work that is still in
preprint form or is not published in selected academic sources,
and the findings should be interpreted in light of the rapid
evolution of the field and the expanding research base. In
addition, although all studies focused on engineering, they
varied in design, sample size, and assessment methods, which
may affect the consistency and comparability of the findings. As
this review employed a qualitative rather than a quantitative
approach, no statistical summary of study results was con-
ducted. This limitation may reduce the ability to compare the
strength of effects across studies. Furthermore, the lack of a
formal quality assessment system (e.g., GRADE or MMAT)
limits the ability to systematically assess the reliability of the
evidence included. Therefore, the overall strength of the find-
ings should be interpreted in consideration of these methodo-
logical differences. As the use of generative AI in education
continues to grow, future work should examine its long-term
impact on learning outcomes, skill development, and student
engagement in engineering. It would be useful to analyze more
research to explore its role in specific engineering disciplines
and to better understand how it impacts critical thinking and
collaboration.
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