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Abstract. Relevance. The accelerating diffusion of generative artificial
intelligence (GenAl) into higher education has substantially changed how
computer science students study, write code, and seek academic support, yet
evidence on how these tools influence measurable academic performance remains
fragmented. Aim. The study investigates the impact of GenAl tools on the academic
performance of undergraduate computer science students, with particular attention
to coding proficiency, engagement, motivation, dependence on Al assistance,
and the development of problem-solving competencies, while also examining
the perspectives of teaching assistants who observe these processes directly.
Methods. A descriptive quantitative design was applied using two parallel survey
instruments. The student survey (n = 17) and the teaching assistant survey (n =
9) employed five-point Likert-scale items addressing ten constructs (ease of use,
confidence, engagement, grade improvements, learning, dependence, concerns
about plagiarism, help-seeking comfort, application of knowledge, and grading
efficiency). Responses were exported from Google Forms, analysed in Python
(matplotlib, seaborn), and visualised through scatter plots within each survey and
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box plots for paired statements across the two surveys. Results. Findings indicate
a generally positive association between GenAl use and perceived academic
performance, particularly in the comprehension of complex programming concepts
and in self-reported engagement. Teaching assistants reported a perceptible
decline in students’ reliance on human support and a rise in self-confidence. At the
same time, the data reveal heterogeneous experiences, persistent concerns about
plagiarism, and a tendency among many students to prefer GenAl assistance over
human help. Practical significance. The study informs the design of balanced
pedagogical strategies and institutional policies that integrate GenAl as a
complement to, rather than a substitute for, human instruction in computer science
education.

Keywords: Generative artificial intelligence, Computing education, Student
achievement, Artificial Intelligence, Large language models, Computer science
teaching and learning, Academic outcomes
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AnHoTauus. Ozexminiei. 'enepatuBri xacanapl uaTeIeKT (GenAl) Kypai-
Japbl JKOFapbl OimiM Oepy KylieciHe KapKbIHJIBI €Hill, WH(pOpMaTHKa MaMaH-
IBIFBIHBIH CTY/ICHTTEP1 OlmiM amy, OarmapiiaMa jkaszy jKoHEe aKaJIeMHUSIIBIK KOJay
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i3Mey TociuepiH aWTapibIKTail e3repTim OThIp. Auaiina OChl KypajaapablH
aKaJIeMISUIBIK YIITepiMIe HaKThI 9CePi TypaTbl JAJIEIAC) i Jie OBITHIPAHKEI KYHIe.
Maxcamewi. 3eprTeyaid makcatsl — GenAl KypanmgapsiH KOlIaHyabIH HHOpMaTHKA
OakamaBpuaThl CTYJICHTTEPIHIH aKaJeMHUSIIBIK YJITEpiMiHE OCEpiH, OHBIH IIIiHIe
Oarmapiamanay Ky3bIPETTUTIKTEpl, OKY YVIEpiCiHEe TapThUTybl, MOTHBAIUICHI,
TOYEIILUTIT )KOHE MocelIe NIenTy KaOieTTepiHe bIKITAbIH KEIIeH] I TYP/E 3ePTTEY,
COHJIali-aK OCHI yaepicTepili OaKbIIANTHIH THIOTOPIIAPIBIH KO3KapachlH €CKepy.
9dicmepi. 3epTTeye CaH/IBIK CHITATTAMAJBIK TOCUT KOJIaHBUIBII, €Ki cayaaHama
KYpaJTbl 93ipIIeH/Ii: CTyIEHTTepre apHaIFaH cayairHaMa (n = 17) >koHe ThIOTOpIIapFa
apHanran cayaigHama (n = 9). Cayannamanap Oec Oanneik JlaifikepT mkamacel
OOWBIHIIA OH aWHBIMAJBIHBI KaMTBIIBL: KOJJIAHYJBIH KapanailbIMIbIIBIFBL,
CEHIMJITIK, TapThLTY, OaFaHbIH JKaKcapybl, OKY, TOYESJIUTIK, TIaruaTka KaThICTHI
aaHJAyIIBUTBIK, KOMEK CypayFa JereH KalIbUIbIK, OULTIMII KOJJaHy JKOHE
Oaranay Ttuimainiri. Hepekrep Google Forms apkpuisl xuHaxransii, Python
opraceiHaa (matplotlib, seaborn) ewmenmi; HoTwkenep mIambipay TpadukTepi
JKOHE CaNIBICTBIPMAIIBI KOpal-IuarpaMmmaniap apKeUTbl KepceTinui. Hamuoicenepi.
3eprrey HoTmkenepi GenAl-mel KonjgaHy MeH akaJeMUsUIBIK YJITepIMHIH OH
OaiiaHBICHIH, ocipece Kypleni Oarmapiamanay TYXKbIpbIMIaMalapblH MEHIEpY
JKOHE OKyFa TapTBUIy JIEHTeWiHJIerl jKaKcapymnapAblH Oap eKeHIH KOpCEeTTi.
TeroTopiap CTYASHTTEPAIH aJaMH KOIJayFa TOYENIUIITIHIH TOMEHJeTeHiH
JKOHE ©31He CeHIMIUTITiIHIH apTKaHblH OaiikaraH. COHBIMEH KaTtap JepeKTep
TOXKipHOEIepAiH OPTYPILIIriH, TUIarHaTKa KaThICThI TYPaKThl alaHayIbLTBIKThI
XKoHe KemnTereH cryaeHTTepaiH GenAl keMmeriH amaM KOMETiHEeH JKOFaphl
KOSITBIHBIH ~aHBIKTAIbl. Taoicipubenik Manbi30blibidbl. AIBIHFAH HOTIDKEIEP
nHpopMaTrkaHbl OKbITYa GenAl KypangapbIH ajaMu OKBITYIIH OPHBIH OacaThlH
€MeC, OHBI TOJBIKTBIPATHIH TOCII PETIHAE SHTI3eTiH TEHrepiMIli IMeJaroruKaibiK
CTpaTerusyiap MEH WHCTUTYIHMOHANBIK CasicaTThl KaJbIITACThIpyFa HETi3 Oola
ajaipl.

Tyiiin ce3mep: [eHepaTwBTI »kacaHABl WHTEIUIEKT, €CENTey OiliMi, OKY-
IIBITAPIBIH  KETICTIKTEpi, JKaCaHIbl WHTEIUIEKT, YJKEH TUIMIK MOAEIBIED,
MH()OPMATHKAHBI OKBITY JKOHE OKBITY, aKaJICMHUSIIBIK HOTHKEIEP
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AHHOTaN U, Axmyanvrocmeo. CrpemurenbHoe pacrnpocTpaHeHue
WHCTPYMEHTOB T€HEPAaTHBHOTO HCKYCCTBeHHOro wuHTeiiekra (Generative
Artificial Intelligence, GenAl) B BriciieM 00pa30BaHUM CYIIECTBEHHO MEHSET
TTOJTXO/TBI CTYJIEHTOB KOMIIBIOTEPHBIX CTIEINATBLHOCTEN K 00yUEHNIO0, BHITTOTHEHUIO
3aJa4 MPOrpaMMHUPOBAaHUSI M IOJYYEHHIO y4eOHOH mojaepkku. Bmecte ¢
TE€M SMIHMPUYECKHE AAHHBIE O CBSI3M HCIOIb30BAHUS TAaKUX HWHCTPYMEHTOB C
aKaJeMUYECKUMH pe3ybTaTaMi OCTAIOTCs OTPAaHUYEHHBIMU M HEOJHOPOJHBIMHU.
Llenv. llenb wuccnenoBaHus — OLEHUTH CBsA3b ucnosib3oBaHust GenAl c
BOCTIpUHMMAEMOW aKaJeMHUYECKOH yCIIeBAEMOCTBIO CTY/ICHTOB OakanaBpHuara
KOMITBIOTEPHBIX ~ CHEIMAIBHOCTEM, MX BOBJIEUEHHOCTBIO, YBEPEHHOCTBIO,
y4eOHOH CaMOCTOSITEIbHOCTBI0 M TOTOBHOCTbIO OOpalarbcs 3a IOMOLIBIO,
a TaKKe CONOCTAaBUTh 3TU PE3yIbTaThl ¢ BOCIPHUATHEM THIOTOPOB. Memooul.
Hcnonp3oBaH oOnucareabHbId KOJIWYECTBEHHBIM JAM3alH MCCIEOOBAaHUSA C
MPUMEHEHHEM JBYX MapajuIebHBIX aHKeT — JUIsl CTYAEHTOB M ThIOTOpPOB. B
orpoce MpUHSUIM ydacTHe 17 CTyaeHTOB M 9 ThIOTOPOB. AHKETHI BKIIOYAIH
YTBEP)KJEHUS, OIlEHUBaeMbIe M0 MATHOATFHON mIkaje JInkepra, u oxXBaThIBaIH
JecATh KOHCTPYKTOB: TPOCTOTY ucnois3oBaHus GenAl, yBepeHHOCTS,
BOBJICUEHHOCTh, BOCIPHUHMMAEMOE YIYyUIICHHE aKaJEeMHYECKHX pE3yJIbTaToB,
MOJJICPKKY 00y4eHusi, 3aBUCUMOCTh oT M, onaceHnss OTHOCUTENBHO IJiaruara,
FOTOBHOCTh 00paIarbecsi 3a MOMOIIbIO, MPUMEHEHHE 3HAaHUH U 3()(HEKTUBHOCTH
oneHuBanus. OTBeTHI, coOpaHHbIe ¢ moMonsio Google Forms, OputH 00paboTaHb

327 () O &




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 4.2026

B cpeae Python ¢ nucnons3oBanuem 6unbnnorexk Matplotlib u Seaborn; pesynprarst
BH3YaJIM3UPOBAINCH C TOMOIIBI0 JHWAarpaMM pacCesHrs M CPaBHUTEIbHBIX
nuarpamm pasmaxa. Pezyiemamel. [1oydeHHbIE TaHHBIE YKa3bIBAIOT HA B LIEJIOM
TTOJIOKUTEIBHYIO CBSI3b MEXAy Hcmoib3oBanreM GenAl u BocCpHHHMaeMOU
aKaJIeMUUECKON Pe3yabTaTUBHOCTHIO, OCOOCHHO B YACTH MOHUMAHUS CIIOKHBIX
KOHLENIMHA NPOrpaMMHUPOBaHUs M y4eOHOW BOBJIEYEHHOCTH. THIOTOPHI TaKXke
OTMEYaJIM CHIKEHHE YacTOThl OOpalleHusi CTYJEHTOB 3a HEMOCPEACTBEHHOI
MOJJICP’KKON TpenofaBaTeneii ¥ MOBBILICHHE WX YBEPEHHOCTH B COOCTBEHHBIX
BO3MOXKHOCTSX. BMecTe ¢ TeM BBISIBICHBI HEOAHOPOIHOCTh I10JIb30BATEIbCKOTO
OMbITa, YCTOWYUBBIE OIMACEHUS OTHOCUTENIBHO aKaJeMHUYECKOM 4YeCTHOCTH U
TEHACHLMS YacTH CTYACHTOB MPEeANoYnTaTh ncnonb3oBanue GenAl oOpaiieHnto
3a MOMOIIBIO K IIPenoaBaTeisiM it cBepcTHrkaM. C yueToM HeOOoIbIoro oobeMa
BBIOOPKH PE3yJBTATHI CIIEAYET PACCMaTPUBATh KaK MHJIOTHBIC M HHTEPIIPETUPOBATH
C OCTOPOXKHOCTHIO. [Ipakmuueckas 3Hayumocms. IlomydeHHBIE BBIBOJBI MOTYT
OBITH HCIIONB30BaHBI TPU Pa3paboTKe cOaNaHCUPOBAHHBIX IEJAarOTHYECKHX
CTpaTerMii ¥  MHCTUTYLHOHAIBHBIX PETIAMEHTOB, IPEAYyCMAaTPUBAIOLINX
ncnonpzoBanue GenAl Kkak BCHOMOTaTelIbHOTO HHCTPYMEHTA, IOTIOIHSIOIIET0, HO
HE 3aMEHSIOLIETO B3aMOJICHCTBUE CTYIEHTOB C IIPENOIaBaTeIISIMU.

KurodeBble ci1oBa: TeHEpaTMBHBIM WCKYyCCTBEHHBIN uWHTEEKT; GenAl;
KOMIIBIOTEpHOE  00pa3oBaHHWe;, aKaJeMHuYecKas yCIIEeBa€MOCTh  CTYICHTOB;
[IPOrpaMMUPOBAHKE; aKaJeMUUIeCcKasi YeCTHOCTh; LH(PoBOE 00yueHHE

Introduction. The rapid advancement of artificial intelligence has permeated
virtually every layer of society, with education representing one of the sectors
most profoundly affected by this technological shift (Pedro et al., 2019). The
increasing adoption of generative artificial intelligence (GenAl) among university
students has prompted a fundamental change in how knowledge is acquired and
applied (Hou et al., 2024; Vafadar and Amani, 2024). Of particular significance is
the capacity of GenAl to generate code and address coding challenges, which has
substantially altered how computer science students approach their assignments
and projects (Prather et al., 2023). For example, students are increasingly inclined
to rely on GenAl to produce code on their behalf rather than attempting to solve
tasks independently (Dickey and Bejarano, 2023). This shift extends beyond the
academic context and has begun to reshape the professional landscape, particularly
within the software industry (Eynon and Young, 2021; Prather et al., 2023).
Notably, GenAl has contributed to enhanced productivity in software engineering
by automating routine coding tasks, thereby enabling professionals to devote
greater attention to complex problem-solving and innovation (Parikh, 2023). It is
therefore essential to examine the consequences of GenAl’s growing prevalence
among students.

The primary aim of this research was to investigate the coding capabilities
of GenAl and their influence on computer science students, while intentionally
excluding other functionalities such as essay generation or image creation. Prior
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to the widespread uptake of ChatGPT, students demonstrated a stronger tendency
to seek guidance from teaching assistants (Hou et al., 2024). However, the
emergence of GenAl appears to have diminished the need for such human support.
Consequently, it is of considerable importance to conduct a thorough investigation
into the effects of this evolving dynamic on computer science students. The
research question guiding this study was: "What impact does generative Al have
on students’ academic performance in computer science education?"

Within this research context, academic performance is understood as the degree
to which students attain their educational objectives. This construct is typically
operationalised through indicators such as grades or the highest level of educational
achievement (Martin Sanz et al., 2017). It is important to acknowledge that
academic performance is shaped not only by intellectual ability but also by factors
such as emotional intelligence, personality traits, and a sense of purpose (Poropat,
2009). Furthermore, the impact of GenAl was evaluated by examining a range
of dimensions associated with its growing use among computer science students.
All variables were assessed through survey instruments, offering a comprehensive
account of how generative Al influences students’ academic outcomes. A detailed
description of the methodology is provided in the Materials and Methods section.

To situate the present study, this introduction also reviews existing research at
the intersection of generative artificial intelligence and education. Generative Al
has attracted considerable scholarly attention in recent years, with a growing body
of literature examining its implications for education, particularly within the field
of computer science.

Ghimire, Prather, and Edwards (2024) explored educators’ awareness,
sentiments, and the factors shaping their attitudes towards generative Al in
educational settings, offering valuable perspectives on how educators perceive
these tools and how they might be meaningfully incorporated into computer
science curricula (Ghimire et al., 2024). Zastudil et al. (2023) investigated the
viewpoints of both students and instructors regarding the role of generative Al
in computing education, contributing to a broader understanding of how these
stakeholders engage with and perceive such tools (Zastudil et al., 2023). Hou et al.
(2024) examined the influence of generative Al on the help-seeking behaviours of
computer science students, shedding light on how learners utilise these tools as a
source of academic support (Hou et al., 2024). Chan and Hu (2023) foregrounded
student perspectives on generative Al, with a particular focus on perceived benefits
and challenges within higher education contexts (Chan and Hu, 2023). Yilmaz R.
and Yilmaz F.G.K. (2023) assessed the impact of generative Al-based tools on
students’ computational thinking skills, programming self-efficacy, and intrinsic
motivation (Yilmaz and Yilmaz, 2023). Prather et al. (2023) addressed the broader
implications of the generative Al revolution for computing education, outlining
both the challenges and opportunities these technologies present to educators in
the field (Prather et al., 2023). Lo (2023) further synthesised emerging evidence
on ChatGPT in higher education, documenting both promising learning gains and
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the rapid pace at which institutional responses must adapt (Lo, 2023). Raihan et
al. (2025) conducted a systematic literature review of large language models in
computer science education, reporting that thoughtfully scaffolded GenAl use can
improve novice learners’ conceptual understanding while highlighting unresolved
concerns about over-reliance and assessment integrity (Raihan et al., 2025).
Crawford et al. (2023) raised parallel concerns about academic integrity, arguing
that institutional policies need to evolve in tandem with detection technologies and
student literacy in responsible Al use (Crawford et al., 2023).

Although these studies collectively offer meaningful insights into the application
of generative Al in educational settings, a notable gap persists in the literature. In
particular, there remains a scarcity of research that directly examines the impact
of generative Al on students' academic performance within computer science
education. Given the accelerating integration of GenAl tools into educational
practice, understanding how these technologies influence academic outcomes is
of considerable importance.

Materials and methods. This research employed two survey instruments
targeting students and teaching assistants, respectively, with the aim of capturing
GenAlT’s influence on academic performance. Both surveys incorporated Likert
scale items, enabling the quantification of participants’ perceptions and experiences
and thereby facilitating systematic analysis and comparison of the collected data
(McLeod, 2023). Likert scale items are particularly well suited for measuring
attitudes and subjective evaluations. In addition, demographic questions were
included to ensure that the sample adequately represented the target population,
which is an important consideration for the validity ofthe findings and the derivation
of meaningful conclusions from the data (Hughes et al., 2022). The demographic
items across both surveys addressed the following variables: participants’ age and
gender, their programme of study, educational level (e.g., Bachelor’s, Master’s, or
PhD), and current year of enrolment.

Upon completion of data collection, responses were exported from Google
Forms into CSV file format for subsequent analysis. The analytical approach
centred on visualising the relationships between the variables described later
in this section. Scatter plots were utilised to map variables against one another,
offering insights into potential correlations and trends across different factors. Box
plots were additionally employed to compare analogous data derived from the two
surveys, enabling a clear visual comparison of distribution patterns and variation
within the responses. The Python libraries matplotlib and seaborn were used to
generate graphical representations of the findings.

The student survey yielded a total of 17 respondents, providing a preliminary
snapshot of the demographic composition within the study. Participants' ages
ranged from 19 to 27 years. The sample included both male and female respondents;
however, there was no representation from individuals identifying as non-binary
or with other gender identities. The reported fields of study were predominantly
technical and business-oriented, with the majority of participants enrolled in either
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Technical Computer Science or Business Information Technology, which together
accounted for 76.5% of the sample. All respondents were pursuing Bachelor's-level
education, with varying years of study reported at the time of participation. Notably,
no first-year students were represented in the sample; all participants were in their
second or third year of study. While the sample of 17 respondents offers useful
preliminary insights, certain limitations should be acknowledged, including limited
diversity with respect to gender and field of study. Furthermore, as all respondents
were enrolled at the Bachelor's level, the generalisability of the findings to other
educational contexts may be constrained. A more detailed discussion of the study's
limitations is provided in the Discussion section of this paper.

The teaching assistant survey comprised 9 respondents, reflecting a similarly
modest sample size to that of the student survey. Consistent with the student
sample, all respondents were enrolled at the Bachelor's level, and their reported
year of study was either the second or third year. However, the demographic
profile of the teaching assistant sample differed in several respects. Participants'
ages ranged from 19 to 22 years. In contrast to the student survey, this sample
included only one female respondent, and no participants declined to disclose their
gender. All respondents were enrolled in the Business Information Technology
program. As with the student survey, the potential limitations and biases inherent
in this sample should be taken into account when interpreting the results. Further
discussion of these limitations is presented in the Discussion section of this paper.

The analytical framework was constructed around a set of variables representing
key constructs that may influence the academic performance of students in
computer science education, particularly in relation to the use of generative
Al These variables, along with their corresponding Likert scale statements as
presented in the surveys, are detailed in Table 1. The specific survey from which
each statement was drawn is denoted in brackets within the table, with "TAs"
referring to the teaching assistant survey and "Students" referring to the student
survey.

Table 1 — Variables and survey statements accordingly

Variable Likert-scale statement(s)

Ease of use Students: “I find generative Al tools straightforward and easy to use.”

Confidence —  Students: “Using generative Al tools makes me feel more confident in my
abilities.”

—  TAs: “Since students began using generative Al tools, they appear more
confident in what they can do.”

Engagement |—  Students: “I feel more involved and motivated in my studies when I use
generative Al tools.”

—  TAs: “After generative Al tools were introduced, I have observed higher
student engagement.”

Grade —  Students: “I believe my grades have improved as a result of using generative

improvements AL”

—  TAs: “I have seen students’ grades improve since generative Al tools were

introduced.”
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Learning —  Students: “Generative Al tools help me better understand difficult
programming concepts.”

—  TAs: “Students seem to grasp complex concepts more effectively when they
use generative AL”

Dependence |—  Students: “I depend on generative Al tools to finish my assignments.”

—  TAs: “Since generative Al tools emerged, I have noticed students relying less
on teaching assistants.”

Concerns Students: “I worry that using generative Al tools could lead to plagiarism in my

work.”

Help-seeking | Students: “I feel more comfortable asking generative Al for help than asking a

comfort peer, TA/mentor, or professor.”

Application | TAs: “Generative Al tools help students apply what they know more effectively.”

Grading TAs: “Generative Al tools have made grading assignments faster and more
efficiency efficient.”

This study further examined the relationships among these variables. Selected
variables were combined and plotted against one another in order to gain a deeper
understanding of their interactions and their collective influence on students'
academic performance.

Results. This section is organised into two subsections. The first presents
graphical representations of the correlations between variables within each
individual survey, offering insights into how these variables interact and relate to
one another. The second provides a comparative analysis of variables across the
two surveys, specifically examining and contrasting the perceptions of students
and teaching assistants.

Within the student survey, the first relationship explored concerns the
correlation between engagement and perceived grade improvements. This analysis
specifically examines the association between the statements "I am more engaged
in my studies when | use generative Al tools" and "I believe my grades have
improved because of generative AL"

Students who experience greater engagement through the use of GenAl tools
may develop a deeper understanding of the material, approach problem-solving
more efficiently, and consequently perceive improvements in their academic grades
(Chan and Hu, 2023). Conversely, a lack of engagement may limit these potential
benefits. Accordingly, examining the correlation between students’ engagement
with generative Al tools and their perceptions of grade improvement can yield
valuable insights into the educational impact of such tools (Karpouzis et al., 2024).
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Increased engagement due to GenAl vs Grades improvement after using GenAl
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Figure 1 — Engagement and grade improvements variables

The scatter plot presented in Figure 1 illustrates a varied relationship between
heightened engagement attributable to generative Al and perceived grade
improvement among student participants. Male students in the sample appear
more evenly distributed across different levels of agreement and perceived grade
improvement, suggesting a range of experiences with GenAl. A notable cluster of
male students can be observed who agree that their engagement has increased but
express neutral views regarding grade improvement. Female students, by contrast,
predominantly either strongly agree or agree that their grades have improved, with
50% of female respondents strongly agreeing that their engagement has increased.
This suggests a generally favorable perception among female participants
regarding the impact of GenAl on both engagement and grades. Overall, while the
data point towards a broadly positive impact, the responses also reveal a diversity
of experiences, underscoring the nuanced effects of GenAl in educational contexts.

The subsequent variables examined were learning and dependence, represented
by the statements "The generative Al tools help me understand complex
programming concepts better" and "I rely on generative Al tools to complete my
assignments."

Generative Al tools have the potential to assist students in comprehending
complex programming concepts, which may in turn lead to increased reliance
on these tools for assignments and problem-solving. When used appropriately,
such tools can enhance understanding, efficiency, and academic performance
by offering instant feedback, accommodating individualised learning paces, and
exposing students to diverse coding approaches (Kotsiovos et al., 2025). However,
excessive reliance without a solid grasp of the underlying concepts could impede
the development of independent problem-solving skills, which are essential in
computer science education (Zastudil et al., 2023). By examining the relationship
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between these variables, it is possible to determine whether students who perceive
GenAl as beneficial for understanding complex concepts also tend to rely on it for
completing their assignments.

GenAl helps with understanding complex concepts vs Reliance on GenAl
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Agree . . . .
]
1]
§
- Neutral . .
w
-
L |
®
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Strongly Disagres .
Strengly Disagree Disagres Neutral Agree Strengly Agres

GenAl helps understand complex concepts

Figure 2 — Learning and dependence variables

As illustrated in Figure 2, the relationship between students' reliance on
generative Al tools for completing assignments and their perception of these tools'
effectiveness in facilitating the understanding of complex programming concepts
is similarly diverse. Both male and female students express a range of opinions
spanning from "Strongly Disagree" to "Strongly Agree" on both dimensions.
Nevertheless, a concentration of responses can be observed among students
who agree that generative Al tools aid in understanding complex concepts and
who simultaneously rely on these tools for their coursework. This suggests that
students who find generative Al tools beneficial for grasping difficult programming
concepts are also more likely to depend on them for academic tasks. The scatter
plot also reveals an additional noteworthy finding: the majority of students perceive
GenAl as helpful in understanding complex concepts, as evidenced by the greater
concentration of data points on the right-hand side of the graph. This may reflect
the positive impact that generative Al can have on students. The distribution across
gender categories, however, does not indicate a significant difference in responses,
suggesting broadly similar perceptions regardless of gender.

Continuing the theme of reliance on generative Al, the next relationship
examined involves the variables of dependence and concerns, corresponding to
the statements "I rely on generative Al tools to complete my assignments" and "I
am worried about plagiarism of my work more when I use generative Al tools."

The correlation between students’ apprehension regarding plagiarism when
using generative Al tools and their dependence on these tools for assignments
reflects both the perceived risks and the degree of reliance associated with their
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use. If students engage with these tools responsibly, treating the generated code
as a reference rather than a definitive solution, they may benefit from enhanced
efficiency and potentially improved grades (Chan and Hu, 2023). However,
concerns about plagiarism can give rise to stress and anxiety, which may adversely
affect academic performance. Moreover, should such concerns materialise into
actual instances of plagiarism, this could carry serious consequences for students’
learning experiences and academic trajectories.

Plagiarism worries when using GenAl vs Reliance on GenAl
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Figure 3 — Dependence and concerns variables

As shown in Figure 3, students' reliance on GenAl tools varies considerably
across different levels of concern about plagiarism. Students generally exhibit
a broad range of dependence on GenAl irrespective of their plagiarism-related
apprehensions. Notably, those who agree or strongly agree with the concern
about plagiarism appear to rely on GenAl tools to varying degrees, suggesting no
direct correlation between heightened plagiarism concern and reduced reliance
on GenAl. This indicates that although some students express concern about
plagiarism, such apprehension does not necessarily discourage them from using
GenAl tools extensively.

The final pair of variables examined within the student survey relates to help-
seeking comfort and engagement, represented by the statements "I feel more
comfortable to seek help from generative Al than from a peer, teaching assistant/
mentor or professor" and "I am more engaged in my studies when I use generative
Al tools."

If students report greater engagement in their studies when using generative
Al tools, this suggests that such tools are effectively stimulating their interest
and involvement in the learning process (Zastudil et al., 2023). Conversely, if
students feel more at ease seeking assistance from generative Al tools than from
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human sources, this may indicate a preference for the anonymity, non-judgmental
nature, and potentially the immediacy of feedback that these tools offer (Hou et al.,
2024). The connection between these two variables lies in the enhanced learning
experience that generative Al tools may facilitate. If a student is both more engaged
in their studies when using these tools and feels comfortable seeking help from
them, this can foster a positive learning environment that encourages sustained
independent learning and exploration.

Increased engagement due to GenAl vs Prefer seeking help from GenAl over
peers/professors/TAs
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Figure 4 — Help-seeking comfort and engagement variables

Figure 4 presents this relationship in the form of a scatter plot. The data points
are distributed across the graph, reflecting varied opinions among the students. It
is worth noting, however, that a substantial proportion of students in the sample
expressed a preference for seeking help from generative Al rather than from human
educators or peers, as evidenced by the large number of data points clustered at
the "Strongly Agree" position on the y-axis. Such a finding may indeed suggest
that the immediacy of feedback, anonymity, and non-judgmental nature of the
technology represent key advantages of GenAl tools relative to human assistants.
Furthermore, a prominent cluster of data points in the upper-right quadrant of the
plot indicates that a considerable number of participants agree or strongly agree
with both statements, which may reflect the positive contribution that GenAl can
make to the student learning experience.

Turning to the teaching assistant survey, the first variables analysed were
dependence and confidence, corresponding to the statements "I have noticed a
decrease in students' dependence on teaching assistants after the emergence of
generative Al" and "Students seem more confident in their abilities since they
started using generative Al tools."

By plotting these variables against one another, it becomes possible to ascertain
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whether the reported decline in students’ dependence on teaching assistants
attributable to GenAl correlates with a perceived growth in student confidence.
Independence from human educators’ support may indeed foster greater confidence
among students in their own abilities, given that they can address complex
problems autonomously by consulting GenAl rather than seeking assistance from
teaching assistants (Chan and Hu, 2023).

Decreased student dependence on TAs due to GenAl vs
Students seem more confident when using GenAl

Strongly Agree

Agree ] .

Neutral L L]

Increased student confidence

Dusagree [ ]

Strongly Disagree .

v . . . -
Strongly Disagree Disagree Neutral Agree Strongly Agree
D student

Figure 5 — Dependence and confidence variable

The first scatter plot of the teaching assistant survey analysis is presented
in Figure 5. A positive correlation between decreased dependence on teaching
assistants and increased student confidence is discernible from the plot. Nearly
all data points are situated on the right-hand side of the graph, suggesting that
the participating teaching assistants have indeed observed a reduction in students'
reliance on their support. Moreover, a substantial proportion of the data points
are located in the upper-right quadrant, indicating that respondents who have
noticed decreased student dependence have also observed an increase in student
confidence attributable to GenAl. It can therefore be inferred from the plot that as
students become less dependent on teaching assistants, their confidence in their
own abilities tends to increase. This suggests that GenAl is not only reducing
the workload of teaching assistants but also cultivating a more self-reliant and
confident learning environment for students, which may in turn positively influence
their academic performance.

The statements "Students seem to understand complex concepts better when
they use generative AI" and "Generative Al tools help students apply their
knowledge more effectively" correspond to the learning and application variables.
A positive correlation between these two variables would suggest that students
who demonstrate better understanding of complex concepts through GenAl use
also apply their knowledge more effectively.
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Better understanding of complex concepts when using GenAl vs

GenAl helps apply knowledge more effectively
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Figure 6 — Learning and application variables

As illustrated in Figure 6, 33% of respondents expressed agreement with
both statements, while one respondent strongly disagreed with both and another
responded neutrally to both. This pattern tentatively suggests a positive correlation
between the variables. Nevertheless, it is difficult to characterise this correlation
as robust given the limited number of data points. Despite the constraints of the
sample size, the teaching assistants' responses and perceptions regarding these
statements provide evidence of the potential for generative Al tools to exert a
positive influence on students in computer science education.

The final variable analysis within the teaching assistant survey concerns grading
efficiency and grade improvements, corresponding to the statements "Generative
Al tools have made grading assignments more efficient" and "I have noticed an
improvement in students' grades since the introduction of generative Al tools." A
positive correlation between these variables would suggest that as GenAl tools
enhance grading efficiency, students' grades also improve. Such an improvement
could be attributable to more timely and detailed feedback from teaching assistants
utilising GenAl tools, enabling students to learn from their errors and enhance
their performance through the receipt of prompt feedback.
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GenAl made grading more efficient vs Noticeable improvements in grades due to GenAl

Strongly Agree
Agree [ ] [ ]
0
@
°
g
o
&
£ Neutral @ 5
@
g
>
2
g
E
Disagree L] L] L]
Strongly Disagree e o
T T T
Strongly Disagree Disagree Neutral Agree Strongly Agree

Figure 7 — Grading efficiency and grade improvements variables

The plot in Figure 7 reveals a varied distribution of responses. The figure
shows responses distributed across different levels of agreement and disagreement
for both statements. Some teaching assistants strongly agree that generative Al
has rendered grading more efficient and have observed improvements in student
grades, while others disagree or remain neutral on both counts. This spread
indicates mixed perceptions among teaching assistants, with no strong consensus
regarding the effectiveness of generative Al tools in enhancing grading efficiency
or improving grades. Overall, the data suggest that while some teaching assistants
perceive tangible benefits, opinions remain divided, reflecting the complexity of
GenAl's impact.

This subsection, in contrast to the preceding one, compares matched statements
from the student and teaching assistant surveys in order to identify similarities
and differences in their respective perceptions of generative Al and its impact on
students.

The first overarching theme drawn from both surveys is "Confidence." The
student survey statement reads: "I feel more confident in my abilities when I use
generative Al tools," while the corresponding teaching assistant survey statement
is: "Students seem more confident in their abilities since they started using
generative Al tools."
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P i vs TAs' p i on increased i due to GenAl
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Figure 8 — Confidence variable in both surveys

Asshown in the box plotin Figure 8, both students and teaching assistants exhibit
a median response in the "Neutral" category, suggesting that the central perception
for both groups is neither clearly positive nor negative regarding whether GenAl
enhances student confidence. However, the distribution of responses indicates that
students hold a wider range of perceptions compared to teaching assistants. The
interquartile range (IQR) for students extends from "Disagree" to "Agree," whereas
for teaching assistants it is narrower, spanning from "Disagree" to "Neutral." This
suggests that students' opinions on GenAl's influence on their confidence are more
varied and that, on average, students may feel somewhat more confident as a result
of GenAl use than teaching assistants perceive or observe.

The next variable featuring matched statements from both surveys is "Grade
Improvements." The corresponding statements are "I believe my grades have
improved because of generative Al tools" (Students) and "I have noticed an
improvement in students' grades since the introduction of generative Al tools"
(TAs).

Students’ perceptions vs TAs’ perceptions on improved student grades due to GenAl
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Figure 9 — Grades improvements variable in both surveys

340




ISSN 1991-3494 4.2026

From Figure 9, it can be inferred that the median response for both students
and teaching assistants is "Agree," suggesting that the majority of both groups
believe that generative Al has contributed to improved student grades. While there
is a general consensus between students and teaching assistants that generative Al
has had a positive effect on grades, the student responses display a wider range
of opinions. The presence of an outlier in the student data indicates that some
students may strongly disagree with the prevailing view. This divergence could
constitute an interesting area for further investigation.

Turning to the "Learning" variable, which also comprised similar statements
across both surveys, the corresponding items are "The generative Al tools help
me understand complex programming concepts better" (Students) and "Students
seem to understand complex concepts better when they use generative AI" (TAs).

Students’' perceptions vs TAs' perceptions on better understanding of complex concepts
due to GenAl

Strongly Agree

Agree

Neutral

Disagree
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Strongly Disagree
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Figure 10 — Learning variable in both surveys

Figure 10 shows that the students' responses span from "Strongly Disagree" to
"Strongly Agree," while the teaching assistants' responses range from "Strongly
Disagree" to "Agree," indicating a variety of opinions on the effectiveness of
generative Al in facilitating the understanding of complex programming concepts.
The median response for both groups falls within the "Neutral" category,
suggesting a relatively balanced view on the impact of generative Al tools. The
interquartile range for both groups extends from "Disagree" to "Agree," indicating
that the central 50% of responses reflect moderate disagreement to agreement on
the respective statements.
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Students: comfortable seeking help from GenAl vs
TAs: a decreased student dependence on TAs is noticed due to GenAl
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Figure 11 — Help-seeking preference and dependence on Tas

The final box plot, presented in Figure 11, displays the responses to the
statements "I feel more comfortable to seek help from generative Al than from
a peer, teaching assistant/mentor or professor" and "I have noticed a decrease in
students' dependence on teaching assistants after the emergence of generative AL"
The box plot indicates that students are increasingly comfortable seeking assistance
from generative Al, with responses ranging from "Neutral" to "Strongly Agree."
Concurrently, teaching assistants have observed a decline in students’ reliance on
their support, with nearly all responses falling at the "Agree" level. This suggests
a shift in educational reliance from human tutors towards Al, potentially driven
by factors such as students’ comfort with Al, the efficiency of these tools, or their
increasing prevalence in educational settings (Zastudil et al., 2023).

Discussion. The central objective of this research was to examine the impact
of generative Al on students' academic performance within computer science
education. This section summarises and interprets the findings derived from the
student and teaching assistant surveys, situates them within the broader research
objectives, and considers their wider implications. Additionally, the limitations of
the study are addressed and directions for future research are proposed.

The survey analysis revealed that students' engagement and perceived grade
improvements are associated with the use of generative Al tools, although
individual experiences varied considerably. The study also identified a substantial
proportion of students utilising these tools both for comprehending complex
programming concepts and for completing assignments, indicating that generative
Al serves a dual function as both a learning aid and a potential source of over-
reliance.

Despite apprehensions regarding plagiarism, such concerns do not appear to
discourage the extensive use of Al tools, underscoring the need for strategies aimed
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at preserving academic integrity. A considerable number of students expressed a
preference for Al-based assistance over support from peers or instructors, citing
the anonymity and non-judgmental nature of these tools, which was found to be
associated with increased engagement and the promotion of independent learning
and problem-solving.

From the perspective of teaching assistants, the survey revealed a perceived
decline in student dependence on teaching assistants alongside an increase
in student confidence. This was reflected in the positive correlation observed
between these variables, suggesting that generative Al tools may foster a more
self-reliant and confident approach to learning. Furthermore, teaching assistants
noted that students who engaged with generative Al tools tended to demonstrate
improved understanding of complex concepts and more effective application of
their knowledge, albeit with some variation in perceptions.

The comparative analysis of student and teaching assistant perceptions indicated
that both groups held broadly similar views regarding the impact of generative
Al For instance, both students and teaching assistants generally agreed that
generative Al tools contribute to improved grades and enhanced comprehension of
complex concepts. Nevertheless, students exhibited a wider spectrum of opinions,
reflecting more diverse individual experiences. Teaching assistants, by contrast,
demonstrated greater consistency in their perceptions, particularly in reporting
increased student confidence and decreased reliance on their support. A notable
difference was observed with respect to perceived confidence levels attributable
to GenAl. The median perception for both groups was neutral regarding whether
GenAl enhances student confidence; however, students' opinions were more
varied than those of teaching assistants, suggesting that while some students may
feel somewhat more confident when using GenAl, this perception is not uniformly
held.

The positive association between engagement and grade improvements suggests
that generative Al tools have the potential to enhance academic performance
by rendering the learning process more interactive and engaging. This may be
particularly advantageous in a discipline such as computer science, where the
comprehension of complex concepts is of paramount importance.

However, the reliance on generative Al tools for completing assignments
raises concerns regarding the development of independent problem-solving
competencies. While these tools can substantially support learning, it is essential
to encourage students to employ them as supplementary resources rather than as
primary sources of solutions. Achieving this balance is critical to ensuring that
students develop the requisite skills to succeed autonomously.

The wvaried perceptions surrounding plagiarism concerns highlight the
complexity inherent in integrating generative Al into educational practice.
Institutions must establish clear guidelines and develop educational programs
to support students in using Al tools responsibly, thereby mitigating the risks

associated with academic dishonesty.
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The observed shift towards seeking assistance from Al rather than human
educators points to the need for a seamless integration of Al within educational
frameworks. While Al can provide immediate and non-judgmental support, human
educators continue to play an indispensable role in offering personalised guidance
and mentorship. A blended approach that draws upon the strengths of both Al and
human support has the potential to create an optimal learning environment.

The overall impact of generative Al on students' academic performance in
computer science education is multifaceted. Generative Al tools enhance the
learning experience by rendering complex concepts more accessible and delivering
personalised support, which may contribute to improved academic outcomes.
Students benefit from heightened engagement and confidence, both of which are
positively associated with performance. However, the integration of these tools also
necessitates addressing challenges such as over-reliance and threats to academic
integrity. To maximise the benefits of generative Al, educational institutions
should develop strategies that incorporate these tools as complements to traditional
pedagogical methods, ensuring that students build robust foundational skills while
capitalizing on the advantages afforded by advanced Al technologies.

This study is subject to several limitations that should be taken into account
when interpreting the findings. The rapid pace of development in generative Al
technology means that the landscape is in a state of continual evolution, which may
affect the applicability and relevance of the findings over time. Furthermore, the
temporal constraints of this research limited the depth of analysis and precluded
an examination of long-term impacts.

Additionally, the sample size was relatively modest and not fully representative
of the broader student population. Nonetheless, it yielded valuable insights into
individual perspectives, which are essential for understanding the nuanced effects
of emerging technologies in education. Future research should endeavor to recruit
a larger and more diverse sample in order to enhance the generalizability of the
findings.

Measuring the impact of generative Al on academic performance is inherently
challenging given the multifaceted nature of education and learning processes.
Future studies could benefit from adopting a mixed-methods approach, integrating
quantitative data with qualitative insights to provide a more comprehensive
understanding. Additionally, incorporating the perceptions of academic staff
regarding GenAl in computer science education would further enrich the evidence
base.

Conclusion. In summary, this research has demonstrated that generative
Al tools hold considerable potential to enhance computer science education by
fostering greater student engagement and improving academic performance. The
findings suggest that while GenAl tools facilitate the comprehension of complex
programming concepts, there exists a tangible risk of students developing an
excessive dependence on such tools, which may in turn compromise the cultivation
of independent problem-solving competencies. The diversity of perceptions
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surrounding plagiarism further highlights the necessity for establishing clear
institutional guidelines and educational programs to promote the responsible use
of Al tools. Future research should seek to address the limitations identified in
this study by incorporating larger and more demographically diverse samples
and adopting a mixed-methods approach to yield a more holistic understanding
of generative Al's impact on education. Ultimately, a balanced integration of Al
tools alongside human educators has the potential to foster an optimal learning
environment—one that harnesses the respective strengths of both to support
student success in computer science education.
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