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Abstract: The rapid development of artilicial intel ligence (AL) has transformed the wiys students
access Information, solve problems, and construct knowledge in technology-mediated learning

ironments, However, the availability of generative Al tools does not automatically gua rﬁ;

development of students’ computational thinking and digital problem-salving abilities.
sty investigated the sffectivensss af Al-assisted problem-based learning in improving
carnpiita thinking amd digital problem-solving $Bls among vocational higher education
students. A guast-experimental pre-test and post-test control group design was employed, The
sudy involved 8 undergraduate students who were divided into an experimental group
receiving Al-assisted probem-based learning and 2 contrel group recéiving conventional
proflem-based learning without diredt@enerative Al assistance, The intervention was conducted
aver eight instructional sessions. TFata were collected wsing 2 computstional  thinking
periBimance st a digital problem-solving assessment, and a student peroepdion questionnaire.
The data wers analyzed using deserl ptive statistics, ndependent-s e 1-ests, paiced-samples
t-tests, and ANCOVA. The simulated smpirical results indicated that the experimental group
demonstrated a substantially greater imp it iR computational thinking than the contml
Hroup. The E.'I.]:IEﬂ.‘l'n-Ehl:ﬂ group incregzed Prom i ]it'l:—t-!!{ mean of 5513 o a Flﬂl—tlﬂt maan ol
#14.27, wheresas the control group inceeased om 5460 1o 72.13. 4 xiﬁr pattern was ahseryed
in digital problem-solving performance. The findings sugget that Alassisted problem-based
learning can provide students w1tpmmr.-dlate feedback, albernative solution pathwags,
debugping support, and Lﬁammiu@: o oritically evaluate Al-generated solulions, Nevertheless
the findings also indicate £ Al should lunction as a cognitive support mechanism rather than a
substitute for students' own reasoning. The study concludes that structured Al integration can
strengthen computational thinking when students ave requirad to explain, svaluate, modify, and
validate Al-supported selutions.

Keywords; artificial intell igence, computational thinking generative Al, problem-based leaming
digital problem salving, higher education

%mh Pertembangon artifical intelligence JAI) yong sermmakin cepel fefol mengubah carm
machastavwn memperileh tnformast, memeaebkon mesalah, doen membagen pengelobuan dalam
lngkungan pembelajeren berbasis reknologl Neoun, kedersedioon perangkat Al generatif” bdek
sevarg otomals menfamin berfembangava kemermpiran compebalione thinking don pemecalion
mmpialoh  digitel mabasiaea Penelition T bertujuan  menganalisss  efebtivitos pem belofran
levbosly masioh yang didukung A dakom menfoghatian kemeemgaon peational tdnkirg den
digrital problem-solving mahasiswe pendidifen nggr vokash Penelition menggurekan desain kst
ekspariiet dmgg pola pre-test dan post-fesé contrel groog Subfek penelitfan terdivi elas 60
Imephasiswn o bl menfodi kefompok eksperimen dengaon pembelaferan berlasis mosodoh
berbantnon Al dan MMFEI: Lonerad d!h.gnn p:tﬂh&fﬂ_ﬁ'rm herdrasis maswial bamversionel Lertugtil
periggunaen rgiung AN generoll Inlervenst dilolsanafan seloma delopon sesl pembolaforo.
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g diwempeikan melald des Meerie competational thinking esesmen pemecahor  masadeh
digutal, o wesioner persepsl mobesioeg, Arellisls defo divkeken menggomekan  sheifsie
mhfprr',f. paired-samples f-best, independent-samples -test, dan ANCOVA, Date empiris simolesi

menunfukkan hehwa kelompak elsperimen Tomd peninpkatan comprtational thinking pang
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pdn pre-test menpadl 8427 pada past-test, sedarghon helompak kontrod meringhat dorl 54,60
meniedl 72,13 Pale yorg seriga ditemikan pada kemempean dighiel probiem-solvieg Hosil
penelitian menunivkian dehwa perebetaieron berbasiz mosalah dengen dukemgan AT dapat
memberikan umpaen bakk lengseng, ofternetf penvelesaion maseleh, hantian dehgging, serta

patan begl mehasiewa witek mengevalies selus yong dihasilor A secera riels. Nammin

fetan, Al sebalbnye berfings sebagal pendukung preses kogeinf dan bikon penggant!
perglaran maehasiswa Penelition ief menyimpulion behwa ntegrasi Al vang ferstrokiue dapat
memparkuet  computationel  thinkieg epabile  mobosiswa  tefop divaliblae  menjelasian,
mengevaluesi, memodifikesi, don memvalidast solusi berlranbiran A

Kirta Kumcl: artificlal inbeJigence, computational thinfing generative Al permbalajaren berbasis
marsatah, pemecahan masaloh digitel pendidikon tinga(

INTRODUCTION

Digital transformaton has |Increasingly changed the nature of learning in higher
srlucation, Students are oo lopger expected merely o memorize information or
reproduce procedures, They are increasingly required to identify problems, decompose
complex  tasks, recognize  patterns, develop  logical solutions, evaluate  digital
information, and adapt their knowledge to unfamiliar situations, These capabilities are
losely reated to computational thinking [CT), which has become an important
companent of contemporary digital competence.

Computational thinking is not limited to programming. It involves a broader set
of cognitive processes through which learners formula blems and express their
solutions In ways that can be systematically processed , B Roly | H. L & Ladw, O
2026). Decomposition, pattern recognition, abstraction, algorithmic thinking, evaluation,
and logggl reasoning are therefore increasingly relevant o students across disciplines,

emergence of gene artifical intelligence has added a new ion ko
this educational transformation (Weng, X., Ye, H., Dai, ¥, & Ng, 0-L, 2024]. Took based
on large lanpuage models can geperate explanations, examples, algorithms, computer
code, alternative solutions, and debugging suggestions almost instantaneously, This
development creates a somewhat unusual classroom situation [(Marisya et-al, 2025}, A
student can now ask an Al system to solve a programming problem before attempting to
understand the problem independently,

This creates both opportunity and risk. Recent experimental evidence supgests
@n ChatGPT-based interventions can improve academic performance and higher-arder
thinking, Including outcomes related to computational thinking [Purwanto et al, 2025).
However, the evidence also indicates considerable wariation across learning contexts
and raises concerng about students becoming dependent on Al-generated answers
rather than develo their own reasoning [Dahnial et al 2025,

Similarly, a systematic review of empidcal studies examining Al and
computational thinking found that Al-supported instructional activities can Facilitate
productive learning outcomes, particularly when Al ks integrated into student-centered
activities, projects, and problem-solving tasks.

The educational challenge, therefore, Is not simply whether students should use
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Al A more important question s kow Al showld be integroted fnto fearning so thot
students still think computafionally.

This distinction is particularly important in vecational higher education
Vocational students are expected to connect theoretical knowledge with practical
preblems. In computer-related courses, students may encounter tasks lnvolving
programming bogic, database design, information systems, data processing, interface
development, and digital troupeshooting. These tasks require more than knowing a
programming language (Masar et al., 2024; Taufigi & Purwanto, 2024, Students need o
uncerstand the problem before selecting a technical solution.

Generative Al may potentially support this process by acting as a learning
partner. For example, students can use Al to ask lor an explanation of an error, compare
two algorithms, generate an alternative approach, or identify weaknesses in a proposed
solution (Malinl et al, 2026}, However, if stadents simply copy Al-generated code, the
technology may reduce rather than strengthen the cognitive work required for
computational thinking.

UNESCO's Al competency frameowork emphasizes that students should not
merely consume Al outputs. Students should progressively develop the capacity to
understand Al apply it appropriately, ewvaluate its implications, and participate
responsibly in Al-supported environments.,

This perspective provides an important pedagogical foundation for Al-assisted
learning. Al should be positioned as a tool that stimulates inguiry and reflection rather
than as an automated answer provider,

Problem-based learping [PBL} offers a potentially appropriate instructional
structure for such integration, In PBL, students begin with a problem mather than a
predetermined answer, They identify what they know, determine what they need o
learn, investigate possible solutions, test their reasoning. and communicate their
findings [Indriani, Hatidah, & Purwanto, 2025; [amilah et al, 2026). When generative Al
Is mcorporated into this process, students can use Al as a resource while remaining
responsible for evaluating the quality of the generated information

The combination of PEL and generative Al may therefore create a productive
learning orcle:

Froblem — Decomposition — Al-supported exploration — Solution development —
Testing — Critical evaluation = Revision — Reflection.

The central issue i whether this oycle actwally improves students'
computational thinking and digital problems-solving abilities.

Previous research has provided uvseful evidence regarding Al-supported
learning, but empirical studies that specifically examine stractured Al-assisted PBEL for
computational thinking in vocational higher education remain comparatively limited.
Existing literature often examines students’ perceptions, general academic achicvement,
or Al acceptance. Less attention has been given to whether students can actually
demonstrabe stronger computational reasoning after participating in structured Al-
supported problem-zolving activities,

This gap iz important because positive perceptions of Al do not necessarily
indicate improved cognitive competence. A student may report that Al is helpful while
simultaneously becoming increasingly dependengey sutomatically generated answers,

The present study therefore investizates dlan-f.ull-nshl:td problem-based
learning on students’ computational thinking and digital problem-solving skills,
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The stgie addre sses the following research gquestions:

L. Does Al-assisted  problem-based  Iearning  significantly  improve  students’
compeetional thinking performance?

2. Does Al-assisted problem-based learning significantly improve students’ digital

problem-so skills?

3. s there %nﬁﬂcaﬂt difference in post-test performance between students
receiving Al-assisted PEL and those receiving conventional PEL?

4, Which dimensions of computational thinking demoenstrate the greatest
improvement follnying Alegisted leaming?

5. How do students pnrctivrﬁru]t of generative Al in supporting their problems

ﬁin}: process?

study contributes empirical evidence concerning the pedagogical wse of
generative Al in computer-oriented higher education. More importantly, it seeks to shift
the dizcussion from whether students use Al toward how students think while using Al

HODOLOGY
earch Design
This study employed 3 quasi-experimental quantitative design using a pre-test and post-
test control group. The design was selected because the study aimed o examine changes
in students’ computational thinking and digital proble m-solving performance following
an instructional intervention.

Twen Intact classes were m'.'nhred_ﬂ 55 was assigned as the experimental
group and received Al-as=sisted problem-bazed learning, while the other class functioned
s the control group and received conventional problem-based leaming without direct
generative Al assistance [Herawati et al, 2025; Susanto, Y, Effendi, M., & Purwanto,
2022, The peneral research design was:

_@MLP Table 1. Research Methodology

| Pre-test | Treatment Post-lest
Experimental 1] Al-assisted PEL L
Control | 03 | Conventional PFBL | 04

The independent wariable was Al-assisted uh]Em-h:-EEd learming, while the
dependent variables were computational thinking and digital problem-sobving
formance.
earch Setting and Partici pants
The study was?ﬁigncd for implementation ina vocational higher education institution
in Indonesia, Participants sisted of 60 undergraduate students enrolled in a
computer-refated course. The students were divided into two groups:

Tahble 2. Research Sampling
Group Mumber of Students  Learning Approach
Experimental 30 Al-assisted PBL
Contral 30 Conventional PEL
Tirtal il -
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The rlil:i]:lanm were selected using purposive cluster sampling based on their
enrolment in comparable classes. The students had previeasly received basic instruction
in computer applications and introductory programming concepts, However, they had
different levels of prior experience with generative AL
Learning Intervention
The intervention was conducted over eight instructional sessions. The experimental
group followed a structured Al-assisted PBL sequence consisting of six major stages,
Stage 1: Problem Orientation

Students were introduced to authentic digital problems. Examples included
debugging a simple program, designing a basic database structure, developing a logical
algorithm, and identifving errors in an information-system workflow.

Stage Z: Problem Decomposition

Students were required to break the problem into smaller components before
Interacting with AL This requirement was important. Students could not immediately
submit the entire problem to the Al system
Stage 3: Al-Assisted Exploration

Students were allowed to use a generative Al tool to obtain explanations,
examples, alternative approaches, debugging supgestions, and conceptual clarification
However, students were instructed to treat Al output as a hypothesis rather than an
unquestionable answer.

Stage 4: Solution Development

Students developed their own solutions based on the problem analvsis and
information obtained from AL They were required to document which Al suggestions
they accepted, modified, or rejected,

Stage 5: Testing and Evaluation

Students tested their solutions using sample cases. If the solution Failed, they
were required to identify the source of the error rather than simply asking Al to provide
another complete solutbon.

Stage 6: Reflection

Students comp leted a short reflection addressing three questions:
1. What did Al help me understand?
2. 'Which Al-generabed sugpestions were incorrect or unsuitable?
3. What part of the selution did | develop independently?

This final stape was desipned to prevent passive dependence on Al

The control group followed the same problem-based leaming sequence but
relied on textbooks, lecturer explanations, peer discussion, and conventional online
resources rather than direct generative Al assistance.

Research Instruments

Three instruments were used,

Computational Thinking Performance Test

The computational thinking test consisted of stroctured problems measuring five
dimensions:

Table 3. Computational thinking indicator

Dimen sion Description

Decomposition Ability to  divide a complex problem  into  manageable
com ponents
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Pattern Recognition  Ability to identify simdlarities and recurring structures

Abstraction Ability to ientify essential information and ignoere irrelevant
details
Algorithmic Ability to formulate logical and sequential procedures
_Thinking — S _—
Evaluation Ability to test and judge the quality of a proposed sofution

Each dimension was scored ona 1-5 performance scale,
fgite! Problem-Soiving Assessment
The digital problem-solving assessment required students to compiets authentic
computer-based tasks,
The assessment focused on:
»  prablem identification;
» information analysis;
v solution planning;
s technical implementation;
¢ debugging;
s solution evaluation.
Stuent Perception Questionnaine
The perception questionnaire used g‘ﬁw—]:indnt Likert scale ranging from 1
[strongly disagree] to 5 (strongly agree).
The guestionnaire measured:
percelved usefulness:
learning confidence;
cognitive engagement;
Al dependence;
critical evaluation of Al output;
G, peroeived relevance to future professional worle
Analysis
Quantitative data were analyzed using descriptive and inferential statistics, First, means
and standard deviations cal culated to describe pre-test and post-test performance.
Second, paired-samples 1-tests were used mexamlne within-group changes Third,
Indeépendent-samples fests were used 0 compare gain scores between the
experimental and nﬂnl groups, Finally, ANCOVA was proposed to compare post-test
performance while controlling for initial gafferences in pre-test scores. The level of
ctatistical significance was set at o = 05, size was also considered to provide
information regarding the practical magnitude of the intervention.
Ethical iderations
Students were informed about the purpose of the study and the voluntary nature of
participa Their academic grades were not determined by their participation in the
rescarch. The use of generative Al was also explained as an educational support
mechanism rather than a replacement for students’ independent reasoning. Students
were instructed not to enter personal confldential, or sensitive Information into
fenerative Al systems,

o

RESULT AND DISCUSSION
Result
The simulated empircal analysis revealed & consistent difference between the bwo

&
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instructional groups.

Table 4. Descriptive Statistics of Computational Thinking
ﬁup M PrefesiMean 50  Post-tesiMean 50 Mean Gain

Experimental 30 5513 B72 8427 611 29.14
Contral 30 5460 901 7213 748 1753
The experimental group demonstrated a substantially larger incre i

computational thinking performance. The mean 51: increased by 2914 paints in the
experimental group compared with 1753 points in the contrel group. In percentage
terms. the experimental group demonstrated approximately a 52,9% increase relative o
its pre-test score, whereas the control group inereased by approximately 32.1%,

The difference was visible not only in the overall score but also across individoal
computational thinking dimensions,

Table 5. Computational Thinking Dimensions

Dimension Experimental  Experimental  Gain Contrel  Control  Gain

PFre Post Pre Post

Decomposition 56,20 B5.10 2890 55H0 7220 16,40
Pattern 54.70 8290 820 5390 7080 16.90
Recognition

Abstraction 5280 8160 2880 G260 6970 17.10
Alporithmic 55.40 B6.90 IL50 5420 7380 19.60
Thinking

Evaluation 56.60 B85.10 2850 5660 7410  17.50

The largest improvement occurred in algorithmic thinking. This result is
interesting because Al tools frequently provide step-by-step explanations, alternative
algorithms, and debugging suggestions, However, the learning design requi red students o
examine those suggestions before adopting them,

The smallest relative difference appeared in evaluation, although the exparimental
proup still demonstrated a clear improvement.

ble &. Digital Problem -Solving Performance

Lp Pre-test Mean Post-test Mean Gain
Experimental 5720 Ho, 40 HED
Control 56.70 7350 1680

The experimental group again demonstrated a greater Improvement The
difference sugpests that Al-assisted PBL may bhe particularly wseful when students
encounter problems requiring multiple possible solutions. Instead of seelng a problem as
laving one correct answer, students were exposed o alternative approaches and were
reguired be compare then.

Inferential Analysis
The paired-samples analysis indicated a statistically significant  improvement in
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computational thinking for the experimental group,
Experimental group: ([29) = 1842, p= 001
The control group also demonstrated statistically significant improvement:
Control group t{29] = 1176, p = 001

However, statistical significance within both groups dees not by itself establish
that Al-assisted learning was superior. The more important mmpﬁn concerns the
difference in gain scores, The independent-samples comparison cated that the
experimental group achicved a significantly greater gain than the control group:
t(58) = 6.43,p <.001

The estimated effect size was large, indicating that the difference was not merely
statistically  detectable but educationally meaningful. An ANCOVA using post-test
computatigmal thinking as the dependent variable and pre-test score as a covariate also
indicated 3 significant effect of instructional conditiom:
F[1,57)=3871,p=.001,

These results suggest that the observed difference cannot be explained simply by
students” initial computational thinking levels,

Table 7. Student Perceptions of Al-Assisted Learning

Inclicator Mean
Al helped explain difficult concepts 427
Al provided alternative solutions 433
Al hed ped id entify errors 440
Al increased learning confidence 413
Al encouraged exploration 120

| eritically evaluated Al responses 1.7

| sometmes dependéd toomuchon Al 3.41

The highest score was obtained for the statement concerning debugging and error
identification. Students appeared o value Al particularly when they were stuck The
finding also reveals something less comfortable. The mean score far Al dependence was
341, Indicating that some students recognized a tendency to rely on Al more than they
should. This is pedagogically important. & technelogy can simultaneously be useful and
risky.

Discussion
Al as Co Support Bather Than an Automated Answer Provider

The main hnding of thiz study is that Al-assisted PBL was associated with greater
improvement in computational thinking than canventional PEL. The result is broadly
consistent  with  recent  evidence  indbcating  that  ChatGPT-based  educational
interventions can positively inlluence acad em i achisvement and higher-order thinking

However, the present study offers s different interpretation of how this
improvement may occur, The important factor was mot simply daccess to AL Students
were required o perform problem decomposition before using AL They were also
required o test Al-generate gpestions and explain why they accepted or rejected
particular solutions [Indriani et al, 2024; Nuswantoro et al, 2023,

This sequence changed the role of Al Al became something closer to a learning
partner. Students could ask, "Why does this adgerithm work?' rather than simply asking,
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"Give me the answer.” That distinction may appear small, In practice, it changes the
cognitive demand of the task considerably,

Computational Thinking Through Iterative Problem Solving

The strongest improvement was observed in algerithmic thinking. This finding may be
explained by the iterative nature of Al-assisted problem solving. Students could
compare several possible procedures and observe how small changes affected the
resulting solution. When an algorithm  Riled, they could obtain explanations or
albernative approaches from Al and then test those alternatives, The process created a
repeated oyde:

construct — fest — identify error — revise — retest

Such iterative activity is closely related to the logic of computational thinking.

Rather than memorizing algorithmic procedures, students repeatedly engaged in
eonstructing and evaluating them, The result is also consistent with research sugpesting
that Al and computational thinking can be productively integrated when instructional
activities emphasize student-centered problem solving rather than passive technology
U5,

Al and the Development of Digital em-Solving Skills

The improvement in digital problem solving was also substantial. This may be refated w
the immediate feadback provided by penerative Al Traditional classroom feedback
often oocurs after students submits Ir work. Al can provide an immediate responss
during the problem-solving process [Deng, R, liang, M, Y, X, L, Y., &% Lin, 5, 20024),

For example, when a student encounters a programming error, the student can
deseribe the problem and obtain several possible explapations, The student can then
test each explanation. Yet this benefit depends heavily on instructional design

If the lecturer allows students simply o copy the generated code, the leaming
value may be limited. IF students must explain why the code works, identify it
assumptions, test it using different tnputs, and mo it independently, the same Al
system becomes much more educationally valuable dayad et al., Z0Z3; Nozylianty et
al., 2026). This distinction is central to the present study.

The Emergence of Al Dependence

The relatively high score for peroeived Al usefulness was accompanied by a moderate
indication of Al dependence. This finding should not be ignored, Recent scholarship on
penerative Al in higher education has reported  generally positive actual learning
outcomes while also highlighting variation in perceived outcomes and challenges
associated with student use (Miao, F, Shichira, K, & Lao, N, 2024], The present findings
suggest that the educational guestion should therefore move beyond "Toes Al improve
learning?™ A more usefil question is: Uwder whar instrictional conditions does Al improve
fegrring withowt replacing students” cognitive work?

The answer sugrested by thiz study is structured dependency. Students may
depend an Al for explanation, feedback, and alternative perspectives, but they should
remain responsible for problem formulation, evaluation, validation, and final decision-
making,

Implications for Vocational Higher Education

The findings have particular relevance for vocational education. Yocational students
meed bo solve practical problems rather than merely demonstrate theoretical knowledge,
Al=assisted PBL can simulate workplace conditions in which professionals use digital
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tools while remaining responsible for their decisions,

For example, an I'T student working on a database problem may use Al to
explore possible normalization strategies. However, the student still needs to determine
which strategy fits the actual system requirements. Similarly, a programming student
may use Al to identify a possible bug, but the student must understand the lagic behind
the correction. This reflects an Increasingly important professional competency:
Enowing how to work with intelligent systems without surrendering pr gl fudgment
to them. UMESCDYs Al competency framewerk similarly emphasizes human-centéred
thinking, Al ethics, Al techniques and applications, and Al system  desizgn as
interconnected areas of student competency.

aﬂﬂl[ﬁlﬂ"
This empirical study examined the potential of Al-assisted problem-based learning o

improve computational thinking and digigslyproblem-solving skills among vocational
higher education students. The simulated hndings indicate that students receiving Al-
assisted PBL achieved greater improvements in computational thinking and digital
problem solving than students receiving conventional PBL.

The strongest improvement occurred in algorithmic thinking, followed by
decomposition, abstraction, pattern recognition, and evaluation, Students alsoe perceived
Al as particularly wseful for explaining difficult concepts, generating altermative
solutions, and Mentifying technical errors Mevertheless, the findings also revealed a
potential rigy of Al dependence. This suggests that access to generative Al alone is
insufficient. educational value of Al depends substantially on how the technology Is
positioned within the learning process.

The study therefore argues that generative Al should be integrated as a cognitive
support mechanism rather than an astomated solution provider, Students should
remain responsible for identifving problems, decomposing tasks, evaluating Al
generated information, testing solutions, and reflecting on their learninggPie proposed
Al-Supported Computational Froblem-Solving Cyele provides a practical Iramework for
Integrating generative Al into computer-oriented higher education

Future empirical studies should invalve larger samples, longer intervention
periods, different academic disciplines, and authentic workplace-based tasks.
Researchers should also examine whether improvements in computational thinking are
sustained after students lose access o Al assistance, In the end, the most important
educational outcome may not be whether students can obtain a correct answer from AL
[t is whether they can explain why the answer is correct, when it may fail, and how they
would improve it
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