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Abstract

The use of artificial intelligence technologies in education has huge potential to improve teaching and
learning by providing personalised learning experiences, on-demand academic support, and automated
feedback. The emergence of generative artificial intelligence has introduced a new category of educational
technology that is changing how students search for information, solve problems, and engage with course
materials. This transformation is especially relevant for computer science students, who can benefit from
using Al tools not only for learning but also for programming. The purpose of this research was to
investigate the main drivers influencing the adoption of the ChatGPT tool among Romanian students
enrolled in a computer science educational program. An extended technology acceptance model (TAM)
that includes output quality and perceived impact as external variables has been specified and tested with
a sample of 165 university students. The results show that perceived enjoyment and perceived usefulness
have the strongest direct influence on the behavioural intention to use ChatGPT. The influence of perceived
ease of use on perceived usefulness and behavioural intention was not significant, suggesting that it is
not a relevant variable for computer science students. Another finding is that taking into consideration
indirect effects, perceived impact of Al tools on education and future professions, and perceived enjoyment
emerge as equally important for the adoption of ChatGPT.
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Introduction

Education is facing rapid transformation due to the availability and proliferation of Al
tools. The use of digital technology in higher education has expanded substantially over the
last two decades, moving from supplementary resources such as learning management systems
and e-learning platforms to more interactive and intelligent tools that support both teaching
and learning activities. This trend was further accelerated by the COVID-19 pandemic, which
forced a rapid shift toward online and blended learning and made digital tools a central part of
everyday academic practice. More recently, the emergence of generative artificial intelligence
has introduced a new category of educational technology that does not merely deliver content but
actively produces explanations, examples, summaries, and code on demand, thereby changing
how students search for information, solve problems, and engage with course materials.

Among Al tools, ChatGPT, released by OpenAl in November 2022, has been adopted at
an unprecedented pace by university students worldwide. A large-scale global study covering
23,218 students from 109 countries reported that a majority of higher education students were
already using ChatGPT in early 2024, primarily for brainstorming, summarising texts, and
supporting academic writing (Ravselj et al., 2025). Beyond ChatGPT, students are increasingly
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using a range of complementary Al tools, such as Gemini, Copilot, Claude, and specialised
coding assistants, often in combination with each other. This rapid and broad uptake raises
important pedagogical and institutional questions regarding how these tools are integrated into
learning, how their use affects academic integrity and skill development, and what factors drive
students’ decisions to continue using them.

Computer science students are a particularly relevant target group in this context. On the
one hand, they are among the most intensive users of Al tools, employing them not only for
general academic tasks but also for discipline-specific activities such as writing and debugging
code, explaining algorithms, generating test cases, and producing documentation (Yilmaz &
Karaoglan Yilmaz, 2023). On the other hand, they are also the future developers and integrators
of such tools, which makes their attitudes and adoption behaviours particularly important
for understanding the longer-term evolution of Al in education and in professional practice.
Despite this dual role, empirical evidence on how computer science students perceive and adopt
ChatGPT in specific national contexts, and particularly in Central and Eastern European higher
education, remains limited.

The fast development of Al tools in the last decade raised several research directions,
among which investigating the main factors driving the adoption of these tools in education
gained significant attention in recent years (Balaskas et al., 2025; Dahri et al., 2024; Ma et al.,
2025; Vazquez-Parra et al., 2024). The Technology Acceptance Model (TAM) can explain and
predict technology adoption across various computer platforms and devices (Davis, 1989). The
underlying theory, rooted in the theories of reasoned action and planned behaviour, posits that
behavioural intention to use a technology is driven by two key beliefs: perceived ease of use
and perceived usefulness. Later, TAM was extended by Davis et al. (1992) to include intrinsic
motivation, conceptualised as perceived enjoyment.

Theoretical Background
Related Work

The use of artificial intelligence technologies in education has huge potential to improve
teaching and learning by providing personalised learning experiences, on-demand academic
support, and automated feedback. Since the public release of ChatGPT in November 2022,
generative Al tools have been rapidly adopted by university students across disciplines, reshaping
the way they seek academic help, generate ideas, and engage with content. A recent literature
review commissioned by OECD concluded that digital technologies can support student
learning when integrated in pedagogically sound ways, but that outcomes depend strongly on
the quality of implementation and on learner characteristics (Forsstrom et al., 2025). In the
specific case of computer science students, ChatGPT is used not only as a general study aid
but also for writing and debugging code, explaining algorithms, and generating documentation
(Yilmaz & Karaoglan Yilmaz, 2023).

To explain the adoption of information technologies, the Technology Acceptance
Model (TAM) proposed by Davis (1989) has become one of the most widely used theoretical
frameworks. TAM posits that behavioural intention to use a technology is driven by two key
beliefs, perceived usefulness and perceived ease of use, both of which are also influenced by
external variables. The model was subsequently extended to incorporate intrinsic motivation in
the form of perceived enjoyment (Davis et al., 1992), which is particularly relevant to hedonic
information systems (van der Heijden, 2004). A systematic literature review by Grani¢ and
Maranguni¢ (2019) confirmed that TAM remains the most widely used model for explaining
the adoption of educational technologies, with perceived ease of use and perceived usefulness
consistently emerging as the strongest predictors of behavioural intention across a variety of
learning domains and types of users.
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Over the years, TAM has been progressively extended to better capture the determinants
of perceived usefulness and perceived ease of use. The extended model TAM2 (Venkatesh
& Davis, 2000) introduced social influence processes (subjective norm, voluntariness, image)
and cognitive instrumental processes (job relevance, output quality, result demonstrability)
as antecedents of perceived usefulness, while TAM3 (Venkatesh & Bala, 2008) further
articulated the determinants of perceived ease of use, including computer self-efficacy,
computer anxiety, and perceived enjoyment. In parallel, Wixom and Todd (2005) proposed a
theoretical integration of user satisfaction and technology acceptance, in which object-based
beliefs, such as information and system quality, are linked to behavioural beliefs about the
system, providing a strong theoretical justification for treating output-related variables as
antecedents of the core TAM constructs. Alternative frameworks have also been used to study
generative Al adoption, in particular the Unified Theory of Acceptance and Use of Technology
(UTAUT) and its extension UTAUT2 (Venkatesh et al., 2003; Venkatesh et al., 2012), which
emphasise performance expectancy, effort expectancy, social influence, hedonic motivation,
and habit. Although UTAUT2 has been successfully applied to ChatGPT acceptance, TAM
and its extensions remain particularly suitable for educational contexts, where parsimonious
models built around perceived usefulness, perceived ease of use, and perceived enjoyment offer
a clear interpretation of the cognitive and motivational drivers of student behaviour (Grani¢ &
Marangunié, 2019; Ma et al., 2025).

The widespread uptake of ChatGPT has motivated a growing number of TAM-based
studies that investigate its acceptance in higher education. Vazquez-Parra et al. (2024)
highlighted the importance of students’ perceptions of Al tool adoption and training, reporting
that prior experience and perceived utility shape attitudes and behaviours toward ChatGPT.
Dahri et al. (2024) extended TAM in a mixed-methods study. They found that metacognitive
self-regulated learning, together with the core TAM beliefs, significantly influences the
acceptance of ChatGPT for educational purposes. Ma et al. (2025) confirmed the central role of
perceived usefulness and perceived ease of use in driving user adoption of ChatGPT, while also
emphasising the importance of perceived enjoyment. Balaskas et al. (2025) extended TAM with
perceived trust and perceived risk as mediating constructs. They reported that the core TAM
beliefs, together with perceived intelligence, are significant determinants of ChatGPT adoption
intentions in higher education.

A complementary stream of research has examined ChatGPT acceptance across
different national and cultural contexts, highlighting both common patterns and country-
specific differences. Strzelecki (2024), in a study of 503 Polish state university students based
on an extended UTAUT2 model, reported that habit, performance expectancy, and hedonic
motivation were the strongest predictors of behavioural intention, while effort expectancy and
social influence had only modest effects. A subsequent comparative study by Strzelecki and
ElArabawy (2024) across Polish and Egyptian universities showed that, although the core
determinants of acceptance are largely shared, gender and study level moderate some of the
relationships, indicating that socio-cultural and demographic factors should not be ignored. The
large-scale global study by Ravselj et al. (2025), based on responses from more than 23,000
students in 109 countries, confirmed that the perceived usefulness, ease of use, and enjoyability
of ChatGPT are central across regions, but that students’ concerns regarding accuracy, academic
integrity, and over-reliance vary substantially with the local educational context. Despite this
growing body of cross-cultural evidence, studies focusing specifically on Central and Eastern
European higher education and on computer science students remain scarce.

A complementary line of research has focused specifically on the use of ChatGPT in
programming education. Yilmaz and Karaoglan Yilmaz (2023) reported that computer science
students perceive ChatGPT as useful for obtaining fast and mostly correct answers, facilitating
debugging, and improving self-confidence in programming. Xue et al. (2024) found, in a
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quasi-experimental study, that ChatGPT-facilitated programming modes change students’
programming behaviours and improve their perceived usefulness and attitudes, with students
regarding the tool as both beneficial and enjoyable. Concerns about the accuracy and reliability
of generated code and the risk of over-reliance have nevertheless been consistently reported,
suggesting that, even when students value the tool, the trustworthiness of its output remains an
important factor shaping its acceptance.

Beyond ChatGPT, computer science students increasingly rely on a broader ecosystem
of Al tools, including specialised coding assistants such as GitHub Copilot, Cursor, and Claude,
alongside general-purpose chatbots such as Gemini and DeepSeek. Empirical studies on Al
coding assistants in computer science education have reported substantial productivity gains for
students working on programming tasks, with reductions in task completion time, fewer manual
searches, and higher solution quality (Shihab et al., 2025). At the same time, these studies
caution that excessive dependence on Al suggestions can lead to a superficial understanding
of programming concepts and a decline in independent problem-solving skills (Shihab et al.,
2025; Xue et al., 2024). Such findings indicate that the acceptance of generative Al tools by
computer science students should be understood not in isolation but as part of a wider repertoire
of Al-supported learning practices, in which different tools are combined for different tasks.

A fourth, increasingly visible strand of research examines the risks associated with
the use of ChatGPT in higher education, focusing on academic integrity, over-reliance, and
the trustworthiness of generated content. Cotton et al. (2024) discussed how the convenience
of ChatGPT may blur the boundary between legitimate academic support and academic
misconduct, calling for institutional policies that clarify acceptable uses and assessment
practices. Sullivan et al. (2023) and Ravselj et al. (2025) similarly argued that students’
willingness to use ChatGPT is shaped by their perceptions of risk, including concerns about
plagiarism, fairness in assessment, and the impact on the development of higher-order skills. In
programming-related contexts, additional concerns have been raised about the correctness of
generated code and about the possibility that students accept Al suggestions without sufficient
critical evaluation (Yilmaz & Karaoglan Yilmaz, 2023; Xue et al., 2024).

Problem Statement and Research Questions

While the core TAM beliefs explain a large part of technology adoption, the case of
generative Al tools such as ChatGPT raises additional considerations that are not fully captured
by perceived usefulness, perceived ease of use, and perceived enjoyment alone. Two aspects
appear particularly relevant for computer science students. The first is the quality of the output
produced by the tool, that is, the accuracy and reliability of the answers and code it generates,
which is a recurring concern in technical and programming-related tasks where incorrect
suggestions can be costly. The second is the perceived impact of Al tools on education. For future
professionals, computer science students are not only users but also prospective developers of
such technologies, and their beliefs about the long-term role of Al are likely to shape their
current adoption behaviour. For this reason, the present study extends the classical TAM with
two external variables, output quality and perceived impact, in order to obtain a more complete
picture of what drives the continued use of ChatGPT in this population.

Despite the growing body of literature on ChatGPT adoption, most existing studies have
been conducted on heterogeneous samples of students from various disciplines or have focused
on contexts outside of Central and Eastern Europe. Evidence on computer science students,
who are both potential developers and power users of such tools, remains limited, as does
evidence from Romanian higher education. The present study contributes to filling these gaps
by specifying and testing an extended TAM, enriched with output quality and perceived impact,
on a sample of Romanian undergraduate students enrolled in a computer science program.
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The purpose of this study was to answer two research questions:

RQ1: To what extent are Romanian undergraduate students enrolled in computer science
programs using ChatGPT and other Al tools in their studies?

RQ2: What are the main drivers influencing the adoption of ChatGPT by Romanian
computer science students?

To answer these questions, an extended Technology Acceptance Model (TAM) has been
specified and tested with a sample of 165 computer science students from the University of
Craiova.

Research Methodology
Model and Hypotheses

The proposed research model is an extended TAM that includes three drivers of the
behavioural intention (BI) to continue using ChatGPT: perceived ease of use (PEU), perceived
enjoyment (PE), and perceived usefulness (PU). Additionally, it includes two external variables
that deserve particular attention in the context of ChatGPT adoption: the output quality (OutQ)
and the perceived impact of Al tools on education and the future profession (PI).

Davis (1989) defined the perceived ease of use (PEU) as a belief “that using a particular
system would be free of effort” and the perceived usefulness as a belief that ,,using a given
technology will improve job performance”.

Figure 1
Research Model
PERCEIVED
EASE OF USE
H1
H2 H7 H9
OUTPUT PERCEIVED
QUALITY USEFULNESS
H3
H4
PERCEIVED H5 BEHAVIORAL
IMPACT INTENTION
HG Y

PERCEIVED
ENJOYMENT

Output quality refers to the accuracy and reliability of the responses returned by the
system. It was originally introduced as a determinant of perceived usefulness in the extended
technology acceptance model (TAM2) by Venkatesh and Davis (2000). It was later integrated
as an antecedent of the key TAM beliefs in the unified user satisfaction and acceptance model
proposed by Wixom and Todd (2005). According to this perspective, when a system consistently
returns accurate and trustworthy outputs, users find it more useful for their tasks, easier to
interact with, and more enjoyable to use. In the case of ChatGPT, recent studies have confirmed
this pattern, showing that the perceived quality of responses positively influences the perceived
usefulness and the overall acceptance of the tool (Ma et al., 2025). At the same time, several
studies have reported that students remain cautious about the correctness of ChatGPT’s answers,
especially for technical and programming-related tasks (Xue et al., 2024; Yilmaz & Karaoglan
Yilmaz, 2023). Therefore, it is supposed that output quality (OutQ) positively influences the
key TAM beliefs: perceived ease of use, perceived enjoyment, and perceived usefulness (Ma et
al., 2025; Venkatesh & Davis, 2000; Wixom & Todd, 2005).
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H1I: Output quality has a positive influence on the perceived ease of use (OutQ— PEU)
H2: Output quality has a positive influence on the perceived usefulness (OutQ— PU)
H3: Output quality has a positive influence on the perceived enjoyment (OutQ— PE)

The perceived impact refers to the role Al tools will play in education and the future
computer science profession. Perceived impact (PI) is a relevant external variable, since
students who believe Al will play an important role in their future careers tend to display more
positive attitudes and a stronger intention to use such tools (Dahri et al., 2024; Vazquez-Parra
et al., 2024). Drawing on the extrinsic and intrinsic motivation framework proposed by Davis
et al. (1992), it is expected that this future-oriented belief will operate both as an extrinsic
motivator, by reinforcing the practical value students attach to ChatGPT for their academic
and professional development (perceived usefulness), and as an intrinsic motivator, by making
the engagement with the tool more meaningful and enjoyable (perceived enjoyment). A direct
effect on the behavioural intention is also expected, in line with previous TAM-based studies on
the adoption of Al tools by students (Dahri et al., 2024; Vazquez-Parra et al., 2024).

HA4: Perceived impact of Al tools positively influences perceived usefulness (PI— PU)

H5: Perceived impact of Al tools positively influences behavioural intention (PI— BI)

H6.: Perceived impact of Al tools positively influences perceived enjoyment (PI— PE)

The remaining hypotheses concern the core relationships among the TAM constructs. The
positive influence of perceived ease of use on perceived usefulness and behavioural intention, as
well as the positive influence of perceived usefulness on behavioural intention, are central to the
original TAM (Davis, 1989; Davis et al., 1989) and have been widely confirmed in educational
technology contexts (Grani¢ & Maranguni¢, 2019), including recent TAM-based studies on
ChatGPT acceptance (Balaskas et al., 2025; Ma et al., 2025). Perceived enjoyment was added
to TAM as an intrinsic motivator by Davis et al. (1992) and shown to be particularly relevant
for hedonic and learner-facing systems (van der Heijden, 2004). In educational settings, Lee et
al. (2005) demonstrated that perceived enjoyment positively influences perceived usefulness
and behavioural intention, while perceived ease of use, by reducing cognitive effort, also fosters
enjoyment of the interaction. Since ChatGPT is used by computer science students both as a
practical aid for academic and programming tasks and as an engaging conversational tool,
perceived enjoyment is hypothesised to act both as a consequence of perceived ease of use and
as an antecedent of perceived usefulness and behavioural intention.

H7: Perceived ease of use positively influences perceived enjoyment (PEU— PE)

HS: Perceived ease of use positively influences perceived usefulness (PEU— PU)

HY: Perceived ease of use positively influences behavioural intention (PEU— BI)

H10: Perceived enjoyment positively influences perceived usefulness (PE— PU)

HI1: Perceived enjoyment positively influences behavioural intention (PE— BI)

H12: Perceived usefulness positively influences behavioural intention (PU— BI)

The measures of the latent variables presented in Table 1 were adapted from existing
scales in the literature. The items for perceived ease of use (PEU), perceived usefulness (PU),
and behavioural intention (BI) were adapted from the original TAM scales validated by Davis
(1989) and Davis et al. (1989).
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Table 1
Evaluation Instrument

Item Statement

OutQ1 The output | get from ChatGPT is of high quality.

OutQ2 ChatGPT provides accurate information.

OutQ3 ChatGPT's responses are reliable.

P Al tools will play an important role in education.

P12 Al will play an important role in the development of my profession.
PEU1 My interaction with ChatGPT is clear and understandable.
PEU2 It is easy for me to become skilful at using ChatGPT.

PE1 | find using ChatGPT enjoyable.

PE2 Using ChatGPT is attractive.

PU1 Using ChatGPT enhances my effectiveness on tasks.
PU2 Using ChatGPT increases my productivity.

PU3 ChatGPT helps me complete tasks more quickly.

Bl I intend to continue using ChatGPT in the future.

BI2 I will frequently use ChatGPT for my tasks.

The items for perceived enjoyment (PE) were adapted from the intrinsic motivation scale
proposed by Davis et al. (1992) and from the educational TAM extension introduced by Lee et al.
(2005). The output quality (OutQ) items were adapted from the information and output quality
scales used in the integrated user satisfaction and acceptance model of Wixom and Todd (2005)
and the TAM?2 framework of Venkatesh and Davis (2000), with wording adjusted to capture the
perceived accuracy and reliability of ChatGPT’s responses. The perceived impact (PI) items
were developed for this study by drawing on the conceptualisation of students’ perceptions of
Al tools and their professional relevance proposed by Vazquez-Parra et al. (2024). With one
exception, items were rephrased to refer explicitly to ChatGPT.

Sample

The target population of the study consisted of the undergraduate students enrolled in
the computer science program of the Faculty of Automation, Computers and Electronics at the
University of Craiova in the academic year 2025/2026. The questionnaire was implemented
as a Google Form and posted in the Google Classroom spaces of the courses attended by the
students in years 1, 2, 3 and 4 of the program, so that the sampling frame was formed by the
approximately 329 students enrolled in those courses. No sample was drawn from this frame:
the invitation was addressed to all of them, and the students decided individually whether to
respond. Participation was voluntary and anonymous, no incentive was offered, and the resulting
sample is therefore a self-selected convenience sample. A total of 165 complete questionnaires
were returned, which corresponds to a participation rate of approximately 50% of the students
who had access to the announcement.

Most of the participants were male (120 male, 45 female, 72.73%), which reflects the
gender distribution of the program itself. Ages ranged from 19 to 39 years (M = 21.25, SD =
2.11). The respondents were distributed across the first (10), second (65), third (43), and fourth
(47) year of study.

No a priori power analysis was performed, since the questionnaire was addressed to the
whole accessible population rather than to a sample of a predetermined size. The adequacy
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of the resulting sample was therefore assessed against the requirements of covariance-based
structural equation modelling. The measurement model comprises six latent constructs
measured by 14 indicators, which gives a ratio of 11.8 observations per indicator, above the
ratio of 10:1 commonly recommended for maximum likelihood estimation. Hair et al. (2006)
indicate a minimum of approximately 150 observations for models that contain seven or fewer
constructs, have item communalities above .50 and contain no underidentified construct; all three
conditions are satisfied here, since every standardised loading exceeds .50, composite reliability
exceeds .70 and average variance extracted exceeds .50 for all six constructs. The acceptable fit
obtained for both the measurement and the structural model provides further evidence that the
sample supports stable parameter estimates. The single-institution and self-selected character of
the sample is nevertheless a limitation, and it is addressed in the Discussion.

Data were collected between October and December 2025. The instrument consisted of
the 14 statements presented in Table 1, rated on a 5-point Likert scale ranging from 1 (strongly
disagree) to 5 (strongly agree). Two additional open-ended questions asked the students to
name the other Al tools they use and the tasks for which they use them. Before starting the
questionnaire, the students were informed about the purpose of the study, about the fact that
participation was voluntary and that the answers were collected anonymously, and they gave
their informed consent. The returned questionnaires were screened for completeness, and only
the fully completed ones were retained for analysis.

Data Analysis

Unidimensionality of latent variables has been assessed by analysing factor loadings.
Convergent validity has been assessed according to the recommended thresholds in the literature
(Fornell & Larcker, 1981; Hair et al., 2006), specifically in terms of loading magnitude, construct
reliability (CR), and average variance extracted (AVE). Discriminant validity has been assessed
with the criterion of the squared correlation test (Fornell & Larcker, 1981).

The model fit with the data has been assessed by using the goodness of fit (GOF) indices,
as recommended by Hair et al. (2006): chi-square (y?), degrees of freedom (df), the ratio y*/df,
comparative fit index (CFI), non-normed fit index (NNFI), the goodness of fit index (GFI), root
mean square error of approximation (RMSEA), and standardized root mean square residual
(SRMR).

The model was estimated with LISREL 9.3 for Windows (Mels, 2006) using maximum
likelihood estimation. The empirical validation followed the two-step procedure recommended
by Anderson and Gerbing (1988): (1) testing the measurement model to analyse construct
validity, and (2) testing the structural model to check hypotheses.

Research Results
Measurement Model

The measurement model showed an acceptable fit with the data: y*> = 106.90, df = 62, p
=.00040, y*/df = 1.72, RMSEA = .066, CFI = .957, NNFI = .937, GFI = .919, SRMR = .0516.
The descriptive statistics and the factor loadings are presented in Table 2. All factor loadings
exceeded .50, which indicated the unidimensionality of the latent variables.

The mean values of the output quality measures were relatively low, close to the neutral
value, and the reliability of ChatGPT’s responses obtained the lowest mean of the whole
instrument. The mean values of the remaining measures fell in the range 3.18-3.70. Overall, the
respondents expressed a positive perception of ChatGPT and the intention to continue using it.
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With respect to the Al tools used, 150 students (90.91%) reported that they currently
use ChatGPT. The other tools mentioned were Gemini (59.39%), Copilot (30.30%), Claude
(28.48%), DeepSeek (13.94%), and Cursor (7.88%), while 41 students (24.85%) mentioned
further tools. The number of Al tools reported by a student ranged from 1 to 7 (M = 2.65, SD
=1.34).

With respect to the tasks carried out with the help of Al tools, 155 students (93.94%)
mentioned explaining algorithms, 133 (80.61%) writing code, 113 (68.48%) generating text,
and 77 (46.67%) inserting comments into computer programs.

Table 2
Descriptives and Factor Loadings (N = 165)

Construct Item M SD Loading
outQ OoutQ1 2.92 0.64 85
OoutQ2 3.01 0.61 .78
OutQ3 2.84 0.71 .79
PI PI1 3.61 0.60 .78
P12 3.54 0.67 79
PEU PEU1 3.60 0.62 .96
PEU2 3.72 0.48 o7
PE PE1 3.40 0.66 .80
PE2 318 0.79 73
PU PU1 3.59 0.59 .88
PU2 348 0.72 72
PU3 3.70 0.56 68
BI BI1 3.55 0.61 83
BI2 329 0.73 87

The estimation of convergent and discriminant validity is presented in Table 3, where the
values in bold represent the square root of the average variance extracted (AVE). Convergent
validity was good for all latent variables, since composite reliability (CR) exceeded .70 and
average variance extracted exceeded .50. Discriminant validity was also good, since for every
pair of constructs the square root of AVE was higher than the correlation between them, in line
with the criterion of Fornell and Larcker (1981).

Table 3
Convergent and Discriminant Validity (N = 165)

CR AVE OoutQ PI PEU PE PU Bl
OutQ .849 652 807
PI 738 .585 314 .765
PEU .156 623 .325 379 .789
PE 739 .586 .504 548 507 .766
PU 807 585 646 .389 392 695 .765
Bl 839 123 631 .355 329 .745 .755 .850
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Structural Model

The structural model testing results are depicted in Figure 2. The goodness of fit indices
showed a good fit of the model with the data: y2 = 114.00, df = 67, p = .00030, */df = 1.70,
RMSEA = .063, CFI =.954, NNFI = .937, GF1 = .937, SRMR = .0636.

The path from OutQ to PU was not significant, so hypothesis H2 was not supported;
output quality influenced perceived usefulness only indirectly, through perceived ease of use
and perceived enjoyment. The paths from PEU to PU and from PEU to BI were not significant
either, so hypotheses H8 and H9 were not supported. This suggests that ease of use is not a
problem for computer science students.

Figure 2
Model Testing Results (N=165)
PEUL |~
0.96

PEU —0.57  DEUZ [
=~ outQl PULl |-+
= outQ2 puz |-
-+~ outQ3 pU3 [
| PTL BI1 -
=] PI2 BIZ2 -

Chi-Square=114 .00, df=67. P-walue=0.00030. RMSEA=0.065%

Hypotheses H1, H3, H4, HS5, H6 and H7 were supported, since the paths from OutQ to
PEU (B = .38, p<.001), from OutQ to PE (f =.33, p=.001), from PI to PU (f = .39, p = .00X),
from PI to BI (B = .22, p =.031), from PI to PE (B = .32, p=.001) and from PEU to PE (B =
.28, p = .013) were all significant. Perceived impact therefore acted as an antecedent of both
perceived enjoyment and perceived usefulness, and it also had a direct effect on the continuance
intention.

Perceived enjoyment had a significant positive influence on perceived usefulness ( =
.50, p <.001) and on behavioural intention (f = .35, p =.003), so hypotheses H10 and H11 were
supported. The influence of perceived usefulness on behavioural intention was also significant
(B = .38, p=.004), which supported hypothesis H12.

The model explained 14.4% of the variance in perceived ease of use, 45.8% of the
variance in perceived enjoyment, 58.7% of the variance in perceived usefulness, and 66.7% of
the variance in the intention to continue using ChatGPT.

The influence on behavioural intention can be analysed further through the indirect and
total effects, which are presented in Table 4.
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Table 4
Indirect and Total Effects (N = 165)

Indirect effects Total Effects
PI OoutQ PEU PE PU Pl OoutQ PEU PE PU
PEU 0.38
PE . 0.11 0.32 0.44 0.28
PU 0.16 0.22 0.14 0.55 0.22 0.14 0.50
B 0.32 0.24 0.15 0.19 0.54 0.24 0.15 0.54 0.38

Perceived impact and perceived enjoyment had the strongest influence on behavioural
intention, mediated by perceived enjoyment and perceived usefulness in the first case and
by perceived usefulness in the second. Output quality and perceived ease of use were less
important predictors.

Discussion

This study contributes to the growing body of research on the acceptance of generative
Al tools in higher education by specifying and testing an extended TAM enriched with two
external variables, output quality and perceived impact, on a sample of Romanian undergraduate
students enrolled in a computer science program. The findings provide insights both at the
descriptive level, regarding actual patterns of Al tool usage, and at the explanatory level,
regarding the cognitive and motivational drivers of the intention to continue using ChatGPT.

In response to the first research question, the results show that ChatGPT is broadly
adopted, with 90.91% of the students currently using it, and that it is rarely used in isolation. On
average, students reported using 2.65 Al tools, with Gemini, Copilot, Claude, DeepSeek, and
Cursor mentioned as complementary tools. This pattern is consistent with recent international
evidence indicating that university students typically combine several generative Al tools in
their study workflow (Ravselj et al., 2025) and suggests that the question of acceptance should
increasingly be framed in terms of an ecosystem of Al tools rather than a single application.

The most frequent tasks for which Al tools are used by Romanian computer science
students, namely explaining algorithms (93.94%), writing code (80.61%), text generation
(67.40%), and inserting comments into computer programs (46.47%), confirm that for this
population Al tools are integrated into both general study activities and discipline-specific
programming work, in line with previous findings on the use of ChatGPT in programming
learning (Yilmaz & Karaoglan Yilmaz, 2023; Xue et al., 2024).

Regarding the second research question, the structural model accounts for 66.7% of the
variance in the behavioural intention to continue using ChatGPT, supporting the relevance of
the proposed model for this population. The strongest direct predictors of behavioural intention
are perceived usefulness (f = 0.38), perceived enjoyment (B = 0.35), and perceived impact (B
= 0.22). At the same time, perceived enjoyment also acts as a strong antecedent of perceived
usefulness ( = 0.50).

When indirect paths are taken into account, perceived impact and perceived enjoyment
emerge as the strongest overall drivers of the continuance intention, with total effects of 0.54
each, followed by perceived usefulness (0.38), output quality (0.24), and perceived ease of
use (0.15). Together, these results suggest that, for computer science students, the decision
to continue using ChatGPT is shaped less by usability concerns and more by a combination
of pragmatic value (usefulness for academic and programming tasks), intrinsic motivation
(enjoyment of interacting with the tool), and a forward-looking belief about the role of Al in
education and in the future profession.
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A noteworthy finding is that the paths from perceived ease of use to perceived usefulness
(H8) and to behavioural intention (H9) are not significant. This contrasts with the typical pattern
reported in TAM studies on more heterogeneous student populations (Balaskas et al., 2025; Ma
et al., 2025), but it is consistent with the specific profile of the respondents. Computer science
students are familiar with command-line tools, programming environments, and conversational
interfaces, and the model also explains only 14.4% of the variance in perceived ease of use,
indicating that this construct is not a major source of differentiation in this group. In other
words, ease of use appears to act as a hygiene factor: it is taken for granted by these students and
therefore does not discriminate between those who plan to continue using ChatGPT and those
who do not. A similar interpretation has been suggested in studies of programming-oriented
users of ChatGPT, where utility, output quality, and engagement, rather than usability, dominate
the acceptance pattern (Yilmaz & Karaoglan Yilmaz, 2023).

The role of output quality also deserves attention. The direct path from output quality to
perceived usefulness (H2) is not significant. However, output quality has a significant positive
effect on perceived ease of use (H1) and perceived enjoyment (H3), as well as a non-trivial
total effect on the behavioural intention (0.24). At the same time, the descriptive results show
that output quality items have the lowest mean values in the model, with perceived reliability
being the lowest. Computer science students appear to clearly recognise the limits of Al tools,
particularly regarding the correctness of generated code and explanations, while still finding
them useful and enjoyable. This nuanced perception is consistent with prior findings reporting
that programming students value ChatGPT but remain cautious about the accuracy of its
outputs (Yilmaz & Karaoglan Yilmaz, 2023; Xue et al., 2024) and suggests that, in the case of
generative Al, output quality should be modelled primarily as an antecedent of the affective and
usability beliefs rather than as a direct driver of usefulness.

The strong role of perceived impact (total effect 0.54 on BI) is one of the most distinctive
findings of this study. Perceived impact significantly influences perceived enjoyment, perceived
usefulness, and behavioural intention directly, suggesting that the way students project the future
role of Al tools in their education and in the computer science profession shapes their current
adoption behaviour. This extends previous findings on the importance of students’ perception of
Al tools and of training in such tools (Dahri et al., 2024; Vazquez-Parra et al., 2024) by showing
that future-oriented professional beliefs operate alongside, and not only through, the classical
TAM constructs.

Placing these results in an international context helps to separate what is specific to
the present sample from what is shared across educational systems. The central role of
perceived enjoyment converges with the evidence reported by Strzelecki (2024) for 503 Polish
state university students, where hedonic motivation, the UTAUT2 counterpart of perceived
enjoyment, emerged as one of the strongest predictors of behavioural intention, and with the
global study of Ravselj et al. (2025), in which enjoyability was one of the three perceptions that
proved central across regions. The affective component of ChatGPT use therefore appears to be
a stable driver of adoption rather than a feature of one particular national context.

The picture is different for the effort-related beliefs. Strzelecki (2024) reported that
effort expectancy had only a modest effect on behavioural intention among Polish students,
and the present results take this pattern one step further: for Romanian computer science
students, perceived ease of use has no significant effect either on perceived usefulness or on
behavioural intention, and the model explains only 14.4% of its variance. Studies conducted on
discipline-heterogeneous samples, such as those of Balaskas et al. (2025) and Ma et al. (2025),
consistently report perceived ease of use as significant. Taken together, these findings suggest
that the explanatory power of ease of use decreases as the technical fluency of the population
increases and approaches zero in a population trained to work with programming environments
and command-line interfaces. Acceptance results obtained on mixed student samples should
therefore not be transferred uncritically to computing disciplines.
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Ravselj et al. (2025) also reported that students’ concerns regarding the accuracy of
ChatGPT’s output vary substantially with the local educational context. In the present sample,
these concerns are clearly visible: the three output quality items obtained the lowest means of
the whole instrument, and the perceived reliability of the responses was the lowest rated item
overall. What is notable is that this scepticism does not translate into a weaker intention to use
the tool. Output quality influences behavioural intention indirectly, through perceived ease of
use and perceived enjoyment, while its direct path to perceived usefulness is not significant.
Romanian computer science students thus appear to have developed a calibrated form of use,
in which the tool is valued and used intensively while its output is not automatically trusted,
a pattern consistent with the cautious attitudes towards generated code reported by Xue et al.
(2024) and by Yilmaz and Karaoglan Yilmaz (2023).

The strongest contrast with previous work concerns perceived impact. The extensions of
TAM and UTAUT2 applied to ChatGPT so far have added constructs that describe the tool or the
user’s current relation to it: trust and risk (Balaskas et al., 2025), metacognitive self-regulated
learning (Dabhri et al., 2024), or habit and social influence (Strzelecki, 2024; Venkatesh et al.,
2012). The present results show that a belief which refers neither to the tool nor to the current
learning situation, but to the future of the profession, has a total effect on behavioural intention
equal to that of perceived enjoyment (.54) and larger than that of perceived usefulness (.38).
For students who are at the same time users and prospective developers of these technologies,
adoption is therefore also an anticipatory professional decision and not only a judgement about
the immediate utility of the tool. This is the main respect in which evidence from a computer
science population differs from the evidence accumulated on general student samples, and it
adds a Central and Eastern European data point to a comparative literature that so far covers this
region only through Poland (Strzelecki, 2024) and through the Polish—Egyptian comparison of
Strzelecki and ElArabawy (2024).

From a theoretical perspective, the results support the relevance of extending TAM
with external variables that capture system-related characteristics (output quality) and broader,
future-oriented beliefs (perceived impact). They also confirm the central role of perceived
enjoyment as both a direct predictor of behavioural intention and a strong antecedent of
perceived usefulness, which is consistent with conceptualisations of educational tools as having
a significant hedonic component (Ma et al., 2025; van der Heijden, 2004).

At the same time, the non-significance of the perceived ease of use paths suggests that,
for technically advanced user groups such as computer science students, the explanatory weight
of TAM shifts away from usability and toward motivational and contextual factors. In this
respect, given the widespread use of educational platforms, a motivational model seems more
appropriate than TAM for explaining students’ adoption of educational technologies.

From a practical perspective, the findings have several implications for educators and
curriculum designers in computer science programs. First, since perceived enjoyment plays
a central role both directly and indirectly through perceived usefulness, integrating ChatGPT-
supported activities in a way that is engaging, and not only efficient, is likely to sustain its use
as a learning aid. Second, the strong role of perceived impact suggests that explicitly addressing
the role of Al in the future profession, for example, through dedicated lectures, seminars,
or laboratory exercises on the responsible use of Al in software engineering, can reinforce
students’ intention to use such tools as part of their professional development. Third, given that
students perceive output quality (particularly reliability) as the weakest aspect of ChatGPT,
instructional approaches should explicitly train students to critically evaluate and validate Al-
generated outputs, especially code, rather than relying on them uncritically.

Several limitations of this study should be acknowledged. First, the research is exploratory
and based on a relatively small sample of 165 students from a single institution, which limits the
generalizability of the findings to the broader population of Romanian and Central and Eastern
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European computer science students. Second, the sample is unbalanced in terms of gender, with
male students being clearly over-represented, as is common in computer science programs.
Third, data were collected at a single point in time, which precludes any conclusions about the
evolution of perceptions and behaviours as students gain more experience with generative Al
tools. Fourth, behavioural intention was used as a proxy for actual continued use, in line with
the standard TAM tradition.

Future research could replicate the study with larger and more diverse samples across
multiple universities, include additional external variables (such as perceived risk, trust, Al
literacy, or self-efficacy in working with AI), adopt a longitudinal design, and complement self-
reported behavioural intention with objective indicators of actual use.

Conclusions and Implications

The current research aimed to examine the main drivers of ChatGPT adoption among
Romanian undergraduate students enrolled in a computer science program by specifying and
testing an extended technology acceptance model that includes two external variables: output
quality and the perceived impact of Al tools on education and the future profession. Data
collected from 165 students at the University of Craiova showed that ChatGPT is broadly used
(90.91%), typically alongside other Al tools, and is integrated into both general academic tasks
and discipline-specific programming activities such as algorithm explanation, code writing, and
code documentation.

The empirical results show that the extended TAM explains 66.7% of the variance in
the behavioural intention to continue using ChatGPT, with perceived usefulness, perceived
enjoyment, and perceived impact emerging as significant direct predictors. When indirect paths
are also considered, perceived impact and perceived enjoyment have the strongest overall
effects on the behavioural intention. Perceived ease of use, in contrast, did not significantly
predict either perceived usefulness or behavioural intention, which suggests that for computer
science students, who are familiar with conversational and command-line interfaces, ease of
use functions as a baseline expectation rather than a discriminating factor. Output quality affects
the behavioural intention indirectly, primarily through perceived ease of use and perceived
enjoyment, while students rate the reliability of ChatGPT’s responses lowest among all
measured items.

Theoretically, the study contributes to the literature by providing evidence that, for
technically advanced students using generative Al tools, the explanatory weight of TAM shifts
from usability toward motivational and contextual factors, and by demonstrating the value of
perceived impact as an external variable that captures forward-looking professional beliefs.
Practically, the findings suggest that integrating ChatGPT into computer science education in
a pedagogically sound way requires more than ensuring access to the tool: it calls for activities
that support enjoyable and meaningful use, explicit reflection on the role of Al in students’
future professions, and dedicated training in critically evaluating the output of generative Al
systems. By focusing on a Romanian computer science cohort, the study also adds evidence
from a Central and Eastern European context that has so far been underrepresented in the
literature on ChatGPT adoption in higher education.

Declaration of Interest

The authors declare no competing interests.

ISSN 1822-7864 (Print) ISSN 2538-7111 (Online) https://doi.org/10.33225/pec/26.84.646

PROBLEMS
OF EDUCATION

IN THE 21* CENTURY
Vol. 84, No. 4, 2026




PROBLEMS
OF EDUCATION

IN THE 21# CENTURY
Vol. 84, No. 4, 2026

Paul Stefan POPESCU, Marian Cristian MIHAESCU, Costin PRIBEANU. Main drivers of ChatGPT adoption by Romanian computer
science students

References

Anderson, J. C., & Gerbing, D. W. (1988). Structural Equation Modeling in Practice: A
review and recommended two-step approach. Psychological Bulletin, 103(3), 411—
423. https://doi.org/10.1037/0033-2909.103.3.411

Balaskas, S., Tsiantos, V., Chatzifotiou, S., & Rigou, M. (2025). Determinants of ChatGPT adoption
intention in higher education: Expanding on TAM with the mediating roles of trust and risk.
Information, 16(2), 82. https://doi.org/10.3390/info16020082

Cotton, D. R. E., Cotton, P. A., & Shipway, J. R. (2024). Chatting and cheating: Ensuring academic
integrity in the era of ChatGPT. Innovations in Education and Teaching International, 61(2),
228-239. https://doi.org/10.1080/14703297.2023.2190148

Dahri, N. A., Yahaya, N., Al-Rahmi, W. M., Aldraiweesh, A., Alturki, U., Almutairy, S., ... & Soomro,
R. B. (2024). Extended TAM-based acceptance of Al-Powered ChatGPT for supporting
metacognitive self-regulated learning in education: A mixed-methods study. Heliyon, 10(8).
https://doi.org/10.1016/j.heliyon.2024.¢29317

Davis, F. D. (1989). Perceived usefulness, perceived ease of use, and user acceptance of information
technology. MIS Quarterly, 13(3), 319-340. https://doi.org/10.2307/249008

Davis, F. D., Bagozzi, R. P., & Warshaw, P. R. (1989). User acceptance of computer technology:
A comparison of two theoretical models. Management Science, 35(8), 982-1003.
https://doi.org/10.1287/mnsc.35.8.982

Davis, F. D., Bagozzi, R. P., & Warshaw, P. R. (1992). Extrinsic and intrinsic motivation to use
computers in the workplace. Journal of Applied Social Psychology, 22(14), 1111-1132.
https://doi.org/10.1111/j.1559-1816.1992.tb00945 .x

Fornell, C., & Larcker, D. F. (1981). Evaluating structural equation models with unobservable
variables and measurement error. Journal of Marketing Research, 18(1), 39-50.
https://psycnet.apa.org/doi/10.2307/3151312

Forsstrom, S., Nja, M., Munthe, E., Alvarez-Galvén, J.-L., & Houldsworth, L. (2025). The impact of
digital technologies on students’ learning: Results from a literature review. OECD Education
Working Papers, Art. 335. OECD Publishing. https://doi.org/10.1787/9997¢7b3-en

Grani¢, A., & Maranguni¢, N. (2019). Technology acceptance model in educational context: A
systematic literature review. British Journal of Educational Technology, 50(5), 2572-2593.
https://doi.org/10.1111/bjet. 12864

Hair, J. F., Black, W. C., Babin, B. J., Anderson, R. E., & Tatham, R. L. (2006). Multivariate data analysis
(6th ed.). Prentice Hall.

Heijden, H. van der (2004). User acceptance of hedonic information systems. MIS Quarterly 28(4), 695—
704. https://doi.org/10.2307/25148660

Lee, M. K. O., Cheung, C. M. K., & Chen, Z. (2005). Acceptance of Internet-based learning medium:
The role of extrinsic and intrinsic motivation. Information & Management, 42(8), 1095-1104.
https://doi.org/10.1016/j.im.2003.10.007

Ma, J., Wang, P., Li, B., Wang, T., Pang, X. S., & Wang, D. (2025). Exploring user adoption of ChatGPT:
A technology acceptance model perspective. International Journal of Human—Computer
Interaction, 41(2), 1431-1445. https://doi.org/10.1080/10447318.2024.2314358

Mels, G. (2006). LISREL for Windows: Getting started guide. Scientific Software International.

Ravselj, D., Kerzi¢, D., Tomazevi¢, N., Umek, L., Vrbanci¢, N. A., & Aristovnik, A. (2025). Higher
education students’ perceptions of ChatGPT: A global study of early reactions. PLOS ONE, 20(2),
€0315011. https://doi.org/10.1371/journal.pone.0315011

Shihab, M. I. H., Hundhausen, C., Tariq, A., Haque, M. M., Qiao, Y., & Mulanda, B. W. (2025). The effects
of GitHub Copilot on computing students’ programming effectiveness, efficiency, and processes in
brownfield coding tasks. In Proceedings of the 2025 ACM Conference on International Computing
Education Research V.1 (ICER 2025) (pp. 1-14). ACM. https://doi.org/10.1145/3702652.3744219

Strzelecki, A. (2024). Students’ acceptance of ChatGPT in higher education: An extended Unified
Theory of Acceptance and Use of Technology. Innovative Higher Education, 49(2), 223-245.
https://doi.org/10.1007/s10755-023-09686-1

Strzelecki, A., & ElArabawy, S. (2024). Investigation of the moderation effect of gender and study
level on the acceptance and use of generative Al by higher education students: Comparative
evidence from Poland and Egypt. British Journal of Educational Technology, 55(3), 1209—
1230. https://doi.org/10.1111/bjet. 13425

https://doi.org/10.33225/pec/26.84.646 ISSN 1822-7864 (Print) ISSN 2538-7111 (Online)



Paul Stefan POPESCU, Marian Cristian MIHAESCU, Costin PRIBEANU. Main drivers of ChatGPT adoption by Romanian computer
science students

Sullivan, M., Kelly, A., & McLaughlan, P. (2023). ChatGPT in higher education: Considerations for
academic integrity and student learning. Journal of Applied Learning & Teaching, 6(1), 31-40.
https://doi.org/10.37074/jalt.2023.6.1.17

Vazquez-Parra, J. C., Henao-Rodriguez, C., Lis-Gutiérrez, J. P., & Palomino-Gamez, S. (2024).
Importance of University Students’ Perception of Adoption and Training in Artificial Intelligence
Tools. Societies, 14(8), 141. https://doi.org/10.3390/s0c14080141

Venkatesh, V., & Bala, H. (2008). Technology acceptance model 3 and a research agenda on interventions.
Decision Sciences, 39(2), 273-315. https://doi.org/10.1111/j.1540-5915.2008.00192.x

Venkatesh, V., & Davis, F. D. (2000). A theoretical extension of the technology acceptance
model: Four longitudinal field studies. Management Science, 46(2), 186-204.
https://doi.org/10.1287/mnsc.46.2.186.11926

Venkatesh, V., Morris, M. G., Davis, G.B., & Davis, F. D.(2003). Useracceptance of information technology:
Toward a unified view. MIS Quarterly, 27(3), 425-478. https://doi.org/10.2307/30036540

Venkatesh, V., Thong, J. Y. L., & Xu, X. (2012). Consumer acceptance and use of information technology:
Extending the unified theory of acceptance and use of technology. MIS Quarterly, 36(1), 157-178.
https://doi.org/10.2307/41410412

Wixom, B. H., & Todd, P. A. (2005). A theoretical integration of user satisfaction and technology
acceptance. Information Systems Research, 16(1), 85—102. https://doi.org/10.1287/isre.1050.0042

Xue, Y., Chen, H., Bai, G. R., Tairas, R., & Huang, Y. (2024). Would ChatGPT-facilitated programming
mode impact college students’ programming behaviours, performances, and perceptions? An
empirical study. International Journal of Educational Technology in Higher Education, 21, 24.
https://doi.org/10.1186/s41239-024-00446-5

Yilmaz, R., & Karaoglan Yilmaz, F. G. (2023). Augmented intelligence in programming learning:
Examining student views on the use of ChatGPT for programming learning. Computers in Human
Behavior: Artificial Humans, 1(2), Art. 100005. https://doi.org/10.1016/j.chbah.2023.100005

Received: July 03, 2026 Revised: July 27, 2026 Accepted: August 12, 2026

Cite as: Popescu, P. S., Mihaescu, M. C., & Pribeanu, C. (2026). Main drivers of ChatGPT
adoption by Romanian computer science students. Problems of Education in the 21*' Century,
84(4), 646-661. https://doi.org/10.33225/pec/26.84.646

Paul Stefan Popescu PhD, Lecturer, Department of Computers and Information Technology,
(Corresponding author) University of Craiova, Romania.

E-mail: stefan.popescu@edu.ucv.ro

ORCID: https:/forcid.org/0000-0003-4504-6144

Marian Cristian Mihaescu PhD, Associate Professor, Department of Computer Science and Information
Technology, University of Craiova, Romania.
E-mail: cristian.mihaescu@edu.ucv.ro
ORCID: https://orcid.org/0000-0003-0350-0441

Costin Pribeanu PhD, Academy of Romanian Scientists, Romania.
E-mail: costin.pribeanu@gmail.com
ORCID: https://orcid.org/0000-0001-8182-5909

ISSN 1822-7864 (Print) ISSN 2538-7111 (Online) https://doi.org/10.33225/pec/26.84.646

PROBLEMS
OF EDUCATION

IN THE 21* CENTURY
Vol. 84, No. 4, 2026




