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Abstract—This study assesses how generative artificial
intelligence tools enhance computational thinking and problem-
solving skills in the context of programming education.
Generative Al (GenAlI) has ushered in a new era in
programming education, offering immediate, personalised
support through tools like ChatGPT and GitHub Copilot.
Although generative Al tools have shown promise in enhancing
immediate problem-solving abilities, there is a lack of research
on their long-term effects on students’ computational thinking
and professional programming skills development. This study
conducted a scoped evaluation of previously published papers
using the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) standard, and the data was analysed
using a thematic approach. The findings from the study indicate
that integrating GenAl can potentially enhance computational
thinking and problem-solving for programming students. On
the flipside, our study highlighted some significant ethical
challenges associated with using GenAl in academia,
particularly regarding issues of originality in student work.
Contrary to expectations on how GenAl tools enhance learners’
decomposition, abstraction, and algorithm design skills, most of
the findings concentrated on students’ completion of tasks.
From a practical perspective, it is evident that GenAl has
changed the learning landscape therefore, there is a need from
a policy perspective to start thinking about the transformational
roles of educators. Future studies should be carried out over a
long period and should start by assessing students’ levels of
problem-solving at a particular age before the immersive use of
GenAl and then check the results after the use of these tools.

Keywords—Computational Thinking, Generative Artificial
Intelligence, Programming Education, Problem Solving Skills,
ChatGPT

I. INTRODUCTION

Programming education equips students with problem-
solving skills and computational thinking, both essential in
today’s technology-driven world [1]. However, students often
struggle with complex programming concepts and syntax,
leading to frustration and disengagement [2]. Traditional
teaching approaches sometimes fail to provide personalised
support to foster meaningful learning experiences [3]. These
challenges highlight the need for innovative pedagogical tools
to enhance programming education and better engage
students.

Generative Artificial Intelligence (Al) is emerging as a
transformative tool in this context. Tools like OpenAl, Codex,
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and GitHub Copilot provide real-time code suggestions,
automate debugging, and offer context-aware programming
solutions. By reducing cognitive load and providing
immediate feedback, these tools encourage students to
experiment with different approaches, deepening their
problem-solving abilities and enhancing their computational
thinking skills [4]. Furthermore, the adaptive nature of these
Al-driven platforms enables personalised learning, offering
tailored guidance that caters to individual students' needs [5].
This personalisation fosters technical proficiency and the
development of critical thinking, which is vital for success in
higher education and beyond.

Although generative Al tools have shown promise in
enhancing immediate problem-solving abilities, their long-
term effects on students' computational thinking and
professional programming skills development remain
underexplored. While the potential of these tools is
significant, their integration into programming education also
raises critical challenges [6]. While the potential of generative
Al tools is significant, their use in programming education
also raises critical challenges [6]. It's not just about the
benefits but also the responsible use of these tools. There is a
concern that students may become overly dependent on Al-
generated solutions, which could limit the development of
independent problem-solving skills [7]. Additionally, ethical
considerations, such as plagiarism, algorithmic bias, and data
privacy, must be addressed to ensure that Al tools are used
responsibly. Balancing the benefits of Al assistance with the
need for students to engage deeply with programming
problems on their own is not just essential, but it is a moral
imperative for educators aiming to integrate these tools
effectively [8], [9], [10].

Given the potential and challenges of generative Al in
programming education, this study aims to explore the role
these tools play in enhancing students' problem-solving
abilities and computational thinking. Specifically, the research
focuses on how generative Al tools are used in higher
education to help students overcome programming
challenges. The primary research question guiding this study
is:

How do Generative Al tools assist students in solving
programming problems in higher education contexts?

This scoped review synthesises findings from the high-
quality Scopus database to comprehensively understand
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current practices and trends. The study offers practical insights
for educators, policymakers, and curriculum developers by
identifying the benefits and challenges of integrating
generative Al into programming courses. The study offers
practical insights for educators, policymakers, and curriculum
developers by identifying the benefits and challenges of
integrating generative Al into programming courses needless
to say, software houses producing IDE have already started
incorporating Al into their programs. Although the review
may not cover all existing tools due to the field’s rapid growth,
it focuses on the most influential examples to provide
actionable recommendations for the future of programming
education.

The findings from this study contribute valuable
perspectives on integrating generative Al tools in
programming education, helping inform teaching practices
and curriculum design. By addressing the potential benefits
and limitations, this research aims to provide a balanced
understanding of how these tools can be leveraged to foster
computational thinking and problem-solving in students,
shaping the next generation of programmers and problem-
solvers.

II.  LITERATURE REVIEW

A. Computational Thinking and Problem-Solving in
Programming Education

Computational thinking (CT) 1is foundational to
programming education, equipping students with critical
skills such as decomposition, abstraction, and algorithm
design. These skills are essential for managing complex
computational challenges and enable students to engage in
structured, strategic problem-solving [11]. As programming
tasks become more complex, CT has become increasingly
relevant, serving as a vital framework supporting both
introductory and advanced programming [12]. People should,
however, be cautious about CT following structure, which can
hamper creativity. Many early programmers developed
languages like Assembly Language, LISP, FONTRAN, C,
and MATLAB, on which most of the latest technological
developments are based, all without any traces of CT.
Exhaustive application of CT might not equate to the ability
to solve real-life scenarios as they are not structured. While
acknowledging this rebuttal, research illustrates how
interactive learning tools rooted in CT principles improve
students' programming abilities, fostering algorithmic
thinking and translating abstract concepts into concrete
learning experiences [13]. Educational games, for instance,
have shown promise in making CT accessible to students by
breaking programming problems into manageable, step-by-
step tasks [14].

B. Generative AI'’s Unique Contributions to Programming
Education

Generative Al (GenAl) has ushered in a new era in
programming education, offering immediate, personalised
support through tools like ChatGPT and GitHub Copilot.
Unlike traditional Al applications that provide feedback and
guidance, GenAl actively generates code, suggests solutions,
and offers step-by-step support. This unique capability allows
students to shift their focus from syntax to problem-solving, a
critical shift for developing higher-order thinking skills in
programming [15]. The multifaceted role of GenAl tools in
programming education is evident, as they provide distinct
support that other educational tools cannot fully replicate,

particularly in assisting with complex, iterative programming
tasks. These tools facilitate higher-order thinking by allowing
students to tackle more complex programming challenges,
making them valuable resources for fostering algorithmic and
reflective thinking in programming education [15].

The use of GenAl tools in programming is particularly
impactful due to their unique ability to scaffold complex
programming concepts for students at various levels of
expertise. A study [16] suggests that GenAl has been shown
to help students overcome code comprehension challenges in
introductory programming, providing contextual guidance
that strengthens their understanding of intricate programming
concepts. The real-time, tailored support from GenAl tools
like GitHub Copilot and ChatGPT empowers students to
explore programming structures and logic with an added
support layer, fostering more profound engagement with the
problem-solving process. The downside, however, is that
GenAl rarely offers adaptive scaffolding, which can result in
cognitive overload depending on the stage at which a learner
is.

Generative Al supports critical thinking and analysis in
structured educational settings by facilitating rapid
prototyping and code generation tasks. This isn't just about
making tasks easier but about fostering a higher level of
engagement with CT principles. The real value of GenAl lies
in its ability to enable students to concentrate on refining and
critically assessing their solutions, promoting a higher level of
engagement with CT principles. A study in [17] introduces the
Al-Lab framework to integrate GenAl in programming
courses, emphasising how GenAl-driven debugging and
feedback promote active learning and self-directed problem-
solving. Such active learning environments encourage
students to explore programming concepts more thoroughly,
enhancing their computational thinking and technical
proficiency.

A study in [18] describes GenAl as a “supportive
companion” in programming education, providing a non-
judgmental space where students can experiment and develop
creativity alongside essential CT skills. GenAlI’s non-directive
assistance fosters a sense of independence while helping
students build ethical considerations and critical thinking
skills within a safe, exploratory environment. However,
engagement with GenAl is not uniform across all student
populations. A study in [19] highlights accessibility and
cultural perceptions as factors influencing student engagement
with GenAl, underscoring the need for supportive and
inclusive programming environments where students can use
GenAl as a collaborative partner in problem-solving.

C. Challenges of Generative AI Tools in Programming
Education

GenAl tools also present significant challenges within
programming education despite their many advantages. A
primary concern is the potential for over-reliance, which could
inhibit students' ability to develop independent computational
thinking skills essential for programming. As GenAl tools
provide instant solutions, students may become less inclined
to engage in the iterative problem-solving processes required
to build a strong foundation in CT. A study in [20] cautioned
that excessive dependence on GenAl might prevent students
from engaging with the complexities of programming tasks,
potentially hindering the development of the problem-solving
skills they will need in real-world scenarios. A study in [21]
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adds that students who rely heavily on GenAl may adopt a
passive approach to learning, which can limit their ability to
troubleshoot and debug independently, key skills for
programming proficiency.

Researchers emphasise balancing GenAl-assisted tasks
with manual coding and problem-solving exercises to mitigate
these challenges. A study in [22] proposes integrating “no-
GenAl” assignments to encourage independent problem-
solving while incorporating GenAl-guided tasks that reinforce
critical thinking without reducing CT skills. Such a balanced
curriculum can help students develop resilience and
computational thinking independence while benefiting from
GenAlI’s capabilities.

Another challenge lies in the ethical and accessibility
considerations associated with GenAl use in education. While
tools like ChatGPT and GitHub Copilot provide significant
support, they raise concerns about data privacy, equitable
access, and potential biases in Al-generated outputs. Existing
literature highlights the need to address these ethical issues to
ensure that GenAl fosters a responsible and inclusive learning
environment [23]. Without careful consideration of these
challenges, integrating GenAl in programming education may
inadvertently disadvantage certain student groups or promote
biased learning outcomes. There is also a potential drawback:
it can provide misleading solutions when used by novices in a
field who cannot tell whether the provided output is incorrect,
especially if the Zone of Actual Development (ZAD) is
blurred.

D. How GenAl Tools Help Students in Practice

The use of Generative Al (GenAl) by students in practice
has revolutionized the application of knowledge and skill
development in both academic and professional contexts. By
offering personalized learning, GenAl tools empower students
to take control of their learning journey, generating tailored
study materials, adaptive exercises, and language support that
cater to their individual needs and learning styles. Recent
studies highlight that Al-powered adaptive learning
technologies can increase student performance and
engagement by up to 30%, particularly for language
acquisition and STEM subjects [24], [25].

These tools foster skill development through practical
simulations, coding assistance, and role-play scenarios. For
example, Al-powered medical simulations are being used to
train healthcare students in diagnostics and surgical
procedures, providing immersive, risk-free environments for
practice [26]. Similarly, platforms like Codex or GitHub
Copilot assist students in learning programming by offering
instant code generation and debugging tips, significantly
reducing the learning curve for new coders [27].

Furthermore, GenAl enhances creative problem-solving
by providing brainstorming support, enabling the
development of prototypes, and gamifying learning activities
to encourage critical thinking and innovation. Al-driven
gamification strategies have been shown to enhance creative
engagement, with students reporting a 40% improvement in
motivation when such tools are integrated into their curricula
[28]. Prototyping tools that utilize Al have also become
invaluable for design students, enabling rapid ideation and
iteration of projects [29].

In collaborative settings, Al facilitates teamwork by
organizing tasks, co-authoring documents, and delivering

constructive feedback to improve project outcomes. Tools
such as Microsoft Teams and Google Workspace now
leverage Al features to foster a sense of community and shared
learning experience, reduce redundancy, and increase
productivity in group projects [30]. Collaborative writing
platforms with real-time AI feedback further streamed
academic and professional teamwork, ensuring polished and
cohesive outcomes [31].

While the benefits of GenAl are substantial, it is crucial
to consider the ethical implications of its use. Over-reliance
on Al can hinder student autonomy, and issues such as privacy
concerns and algorithmic bias must be addressed. This is
essential to ensure these technologies' equitable and
responsible deployment [32].

By integrating GenAl into their practice, students not only
deepen their understanding of theoretical concepts but also
develop essential skills in adaptability, collaboration, and
innovation, preparing them for future challenges in an
increasingly tech-driven world.

E. Theoretical Framework

We have adopted the scaffolding theory, a sub-theory of
Lev Vygotsky’s constructivist approach, as foundational in
using GenAl to solve complex problems. Scaffolding is "a
way of operationalising Vygotsky's 1987 concept of working
in the zone of proximal development" [33]. Study [33] cited
in [34] identified three important aspects of scaffolding as:

i) co-construction of knowledge in a discourse that is
fundamentally dialogic.

ii) the significance of the kind of activity in which
knowledge is embedded and,

iii) the role of artifacts that mediate knowing

For the purposes of this study, we support the role of
GenAl for interactive scaffolding, allowing students to work
within their Zone of Proximal Development [34], [35]. The
student needs to delineate when to work independently from
GenAl less the Zone of No Development is extended. GenAl
allows dialogue with the learner to enhance computational
thinking and problem-solving as he/she attempts to complete
the task. GenAl as an artifact will propel the student in the
Zone of Proximal Development with the potential of reducing
support [36], [37] as students will have developed the needed
computational thinking and problem-solving skills. We will
use the scaffolding lens to view our results and link them with
the viewpoint of the study discussion.

III. METHODOLOGY

This study adopted a scoped literature review to explore
the role of generative Al tools in supporting the solving of
complex programming problems. The authors searched the
Scopus database to identify articles that met the inclusion
criteria. The Scopus database was used because it offers high-
quality literature that is suitable and adequate for addressing
the research question for this study. To find previously
published publications, the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) standard
was followed [38]. The following inclusion and exclusion
criteria guided the study:

Inclusion Criteria

e Studies on generative Al applications in education
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e Studies focusing on computer programming
e Studies written in English

¢ Empirical studies

Exclusion Criteria
e  Studies that do not focus on programming education

e Studies discussing traditional or non-generative Al
applications

e  Studies written in other languages except English

e Non-empirical studies

Search string used for the Scopus database:

Using "Generative AI" OR "generative artificial
intelligence" AND solving AND programming

This search string retrieved articles about generative Al in
teaching programming. The authors did not include specific
keywords like computational thinking and problem-solving
skills to broaden the search. This is because some articles may
not explicitly mention these keywords, but the concepts are
implicitly discussed when you go through them.

The search for articles was done on the 5th of November
2024, and 46 articles were retrieved from the initial search. A
preliminary analysis of the title and abstract was done, and 22
articles were excluded because they fitted the exclusion
criteria. A detailed analysis was conducted, and 4 articles were
excluded after full analysis of the article. Only 20 articles met
the inclusion criteria and were analysed in this study.

Figure 1 illustrates the PRISMA flowchart diagram used
to conduct a scoped review on enhancing computational
thinking and problem-solving in programming education
through generative Al

g Articles identified through
g database search: (n = 46)
=
o
2
) Articles excluded (n = 22)
- Studies that do not focus on
. programming education.
g - Studies discussing traditional or
3 Articles screened by title and non-generative Al applications
= abstract (n = 46 ) »| - Studies written in other
& languages except English.
- Non-empirical studies.
— }
G\
Full analysis of the article was Excluded 4 articles that were not
conducted (n = 24) > eligible
g
Remaining records after full
analysis (n = 20)

v

Included

Articles included in the scoped
review (n = 20)

—_—

Fig. 1. PRISMA flowchart diagram for included studies

Data Analysis

The articles included in the scoping review were imported
into ATLAS.ti V9.0, a Computer Assisted Qualitative Data
Analysis software (CAQDAS) [39]. The six steps of thematic
analysis listed below guided the data analysis [40]:

e Step 1: Getting acquainted with data, comprehending

it and noting down initial ideas.

e Step 2: Developing initial codes by coding interesting
points and merging data relevant to each code.

e Step 3: Looking for themes by merging codes and
collecting data relevant to each potential theme.

e Step 4; Revising themes by checking their suitability
for the coded extracts.

e  Step 5: Describing and naming themes by generating
distinct meaning and names for each theme as well as
continuing to refine and analyse each one.

e Step 6: Creating the report by selecting concise,
convincing examples of extracts, analysing them in
detail, connecting them to the literature and producing
an academic report on the analysis.

IV. RESULTS

This section presents the findings of the study. Data
analysis led to 62 initial codes from the included articles in the
scoped review. Subsequently, similar codes were merged and
transferred to a new code that formed code clusters resulting
in the decrease of the initial codes from 62 to 29. The code
clusters were then transferred to the appropriate code groups
where they underwent further refinement and ultimately
emerged as four themes. The findings are presented in the
following themes:

e  Generative Al tools

e  Usage of Generative Al tools

e  Benefits of Generative Al tools

e Challenges of Generative Al tools

A. Generative Al Tools

Generative Al tools have proved helpful in programming
education. The findings show that students use generative Al
tools such as automatic program repair (APR), ChatGPT, Iris,
and Copilot. The findings show that students use generative
Al tools to generate, repair, and evaluate codes [8], [41], [42].
The findings show that students use tools like Automatic
program repair (APR) to assist with debugging tasks [42].
APR helps students achieve the correct output of their codes,
thereby making ARP a supportive mechanism in
programming when students such as beginners are
overwhelmed. A study in [42] shows the use of Contextual
error model repair (CEMR). CEMR is an automated technique
students use in the introductory programming course to repair
incorrect student programming codes [42]. This technique
corrected mistakes in students' code before they fully
understood the solution, allowing them to learn from the
corrected model.

Several studies have highlighted the use of ChatGPT in
programming education [41], [43]. A POLITEHNICA
University of Bucharest (UPB) study showed that students
used ChatGPT to solve their programming homework [43]. A

Authorized licensed use limited to: Walter Sisulu University. Downloaded on July 23,2025 at 13:01:59 UTC from IEEE Xplore. Restrictions apply.



class observation in a study in [44] showed that students found
that using ChatGPT made assignments engaging and
rewarding. A study in [43] showed that ChatGPT improved
students' experience compared to Copilot due to challenges in
comprehending, modifying, and debugging code snippets,
which impacted the overall effectiveness in solving tasks.

Besides ChatGPT, Iris was used to support computer
science students. Iris acts as a tutor who guides students in
their programming exercises by providing calibrated guidance
that encourages independent thinking, offering hints or
counter-questions instead of complete solutions [8]. In a study
in [8], students perceive Iris as an effective tool in
programming exercises and homework because it provides
immediate and personalised support, understands their
questions, provides relevant support, and contributes to the
learning process. Furthermore, Iris enabled students to ask
questions without feeling judged by peers.

Generative Al tools transform self-directed learning
(SDL) by enabling new interventions to enhance self-
regulated learning strategies [45]. As computational thinking
(CT) becomes vital in education, SDL is recognized as a key
method for developing CT skills [46]. Generative Al-powered
conversational agents are particularly impactful, creating new
possibilities for SDL and successfully supporting the
development of CT.

In a study in [47], the survey findings revealed that most
students (n=79%) felt confident programming with the
generative Al tools, and a majority (n=59%) found it helpful
for learning. The study highlighted some expressed concerns
about over-reliance and a weaker grasp of fundamentals, and
the study recommended delaying introducing generative Al
tools to students first to develop fundamental programming
skills [47].

B. Usage of Generative AI Tools

Generative Al tools such as ChatGPT and PyTutor offer
valuable support in education by providing continuous
guidance, problem-solving hints, and explanations that assist
learners in understanding complex subjects. Educators must
equip students with generative Al tools to improve their
critical thinking skills and deepen the foundational skills
necessary for their academic journey to succeed [17].
However, research suggests that there may be a risk of
students being overly dependent on these tools, especially
those with limited prior knowledge, which might hinder their
ability to solve problems on their own [48]. Educators should
guide students carefully to avoid overusing generative Al
tools, which has challenges, such as students struggling with
advanced concepts covered in programming courses due to
over-reliance [17]. This over-reliance might cause students to
grasp fundamental ideas at a surface level rather than interact
with the content more deeply [43]. Generative Al tools must
be used as a teaching tool rather than a replacement for skill
development to reduce these hazards [43]. As students rely
more on Al-generated code snippets, programming courses
need to be reevaluated with an emphasis on new abilities [49].
To improve evaluations and guarantee that students retain and
advance core abilities, educators are urged to proactively
employ Al technologies in problem-solving activities [50].

C. Benefits of Generative Al Tools

Generative Al tools have proved to be beneficial in
education. The findings show a growing use and
transformative power in education and other media,

marketing, and healthcare sectors [9]. Because of the
transformations that come with these tools, the education
sector must think of new pedagogies and assessment methods
to accommodate these transformations [9]. Generative Al
tools have enhanced human capabilities that assist students in
undertaking long projects as they help programming students
understand, create, review, and debug programs [43], [46],
[51], [43]. Generative Al tools, especially ChatGPT, have
interactive engagements that attract students to interact with
the tool while working on their various homework
assignments, such as essays, argumentation, and coding [43],
[51]. Generative Al tools like PyTutor provide ongoing
guidance, hints, pseudocode, code solutions, and code
explanations to students learning Python [48]. There is
reported efficiency that comes with generative tools in
programming education, significantly boosting task speed,
with students completing tasks nearly three times faster on
average [52]. Besides speed, students use generative tools to
practice and refine their code, improving their critical thinking
abilities [51]. Novice programming students can generate
fairly accurate code by interacting with these tools, potentially
bypassing self-regulation strategies [45]. Generative Al tools
could help programming students detect bugs and explain the
code and concepts [50], [S1]. The effective integration of
generative Al in programming has promoted equity in the
education landscape by offering personalised learning
experiences to students and the ability to access assistance 24
hours [17], [44]. With generative Al tools, students can
interact with these tools as if interacting with another human
being [51]. Generative Al tools are effective for beginners,
helping to bridge knowledge gaps and enhance programming
skills, mainly when used in moderation [48]. The findings
show that generative Al tools are helpful if they are used in a
moderated and responsible way.

D. Challenges of Generative Al Tools

Generative Al tools such as ChatGPT were seen to lack a
mechanism for verification of the output and a deep
understanding of the context, which can be a challenge to
students in programming education [51]. Generative Al tools
can distract students from deep understanding and critical
thinking as the tools provide them with programming
solutions [51], [52]. This can disturb the development of
programming students' critical thinking and problem-solving
skills [52]. Generative Al tools can mislead students since the
outcomes of these tools are not always correct [43]. Most of
these generative Al tools lack sources of references, have
limited mathematical understanding, have potential biases,
and have occasional inaccuracies that limit their reliability,
making them less effective primary learning tools [51]. There
are ethical concerns around the use of generative Al in
education, such as data privacy, trust, and lack of regulations
to ensure responsible and effective use [8], [9]. Students who
over-rely on generative tools during their foundational courses
tend to struggle with advanced topics, showing a gap that can
be created by irresponsible use of these generative Al tools
[17]. There is, therefore, a need to balance the use of
generative Al tools in programming education to foster a deep
understanding of fundamental concepts rather than a
superficial understanding. Generative Al tools may not be
suitable for logic errors faced by programming students [50].

V. DISCUSSIONS

This study aimed to assess whether Generative Al tools
assist students in solving programming problems in higher
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education contexts with a particular focus on computational
thinking and problem-solving. Our findings from a scoped
review revealed that GenAl tools significantly support
students in enhancing computational thinking and problem-
solving, which are cornerstones of programming. As
highlighted in our literature, our findings highlighted how
students can use GenAl tools to tackle programming concepts.
Informed by our scaffolding theory, GenAl can assist students
in getting started and support complex tasks. These findings
are consistent with study in [42] which identified the power of
GenAl in debugging tasks. This contrasts with old or built-in
debugging tools that didn't provide scaffolding and led
students into a "Zone of Confusion", where they potentially
get further confused with the suggestions. The debugger is not
dialogic, and the scaffolding is not adaptive.

Contrary to expectations on how GenAl tools enhance
learners’ decomposition, abstraction, and algorithm design
skills, most of the findings concentrated on students’
completion of tasks. Perhaps some of this discrepancy is due
to differences in wording and how certain aspects like
decomposition are addressed during this dialogic discussion.
Our scaffolding theory, however, corroborates the finding on
how dialogic GenAl tools are because of students' use of them
to solve problems [51] and the immediacy of feedback.

Our study highlights significant ethical challenges
associated with using GenAl in academia, particularly
regarding issues of originality in student work. Literature and
previous findings agree that institutions struggle to assess
students using these tools, suggesting that academia may lag
in adapting assessment methods to this new reality. This delay
may stem from a reluctance to change established practices.
Neither our literature review nor our findings suggest that
transforming the educator's role is a viable solution to address
the changing programming landscape dominated by GenAl
tools. Moreover, we anticipated seeing educators advocating
the use of GenAl tools and giving direction on usage to
accommodate students with differing computational thinking
and problem-solving abilities in our findings, which we did
not. Furthermore, educators may use GenAl tools behind the
scenes while presenting a facade of not doing so, creating a
disconnect between academic attitudes and actual usage.
Given these issues, a study investigating how educators,
especially those teaching programming, use GenAl could
offer valuable insights into the broader adoption of these tools
in teaching.

Further, as expected, just as highlighted in the literature
[71, [8], [9], the findings highlighted overreliance on tools as
one of the flipsides of GenAl without learners furthering their
problem-solving skills. Undeniably, these findings are valid
from our study. However, we cannot underestimate the boost
and motivation that the tools have for students. While
problem-solving does not always call for a structured
approach as GenAl offers, it can provide a clear framework
to tackle complex issues where a student doesn’t have a
starting point. We strongly believe that applying to real-life
problems or programming challenges can easily be
accomplished with a base framework for solving problems.

From a practical perspective, it is evident that GenAl has
changed the learning landscape; therefore, there is a need from
a policy perspective to start thinking about the
transformational roles of educators. As discussed in our
literature section and findings, software houses have already
incorporated these tools into the programming integrated

development interfaces, popular ones being Pycharm and
Visual Studio code. In such cases, there is a need to revisit the
policy and not only to balance the use of GenAl. Another
possible consideration is approaching the software
powerhouses to develop GenAl tools, which do not start by
providing the whole answer on a silver plate but by providing
developmental scaffolding. We speculate that GenAl
developers are less focused on refining their tools to suit
differential cognitive levels, possibly due to a primary
emphasis on creating broadly applicable solutions that appeal
to a wide range of users rather than addressing the nuanced
needs of learners with varying levels of prior knowledge and
problem-solving abilities. Regardless, when these students
get hired, the work environment allows them to use any tool
to solve a problem. A key drive we should also focus on is
having learning environments as simulated workplace
environments. This would allow students to practise their
skills in a real-world setting before entering the workforce. It
would also allow them to develop a deeper understanding of
the technologies they will be working with. Another aspect
that we did not find was the adaptive level of support. GenAl
does not have metrics to gauge the existing level of
competence. It remains unclear whether

While our study provides valuable insights into the
potential enhancement of computational thinking and
problem-solving using GenAl, we must acknowledge some
associated limitations. Our first limitation is methodological
limiting. Perhaps a longitudinal empirical study for
programming students would add more credibility to our
findings. Using a scoped review makes it difficult to ascertain
the level of scaffolding that helped students move to a Zone of
Proximal Development.

While there are noted limitations, our study took some
steps to minimise their impact and enhance their validity.
Using scoped literature allowed us to get co-occurence of
themes from 20 very recent articles and within the discipline
understudy. Our findings provided a foundation for
computational thinking and GenAl discussions in
programming students. Our findings indicate the practical
usefulness of GenAl tools in enhancing computational
thinking.

VI. CONCLUSIONS

In summary, integrating generative Al into programming
education offers substantial promise for enhancing
computational thinking and problem-solving abilities. Like
any other tool, our study has sufficiently highlighted the
potential of GenAl while acknowledging some of the flipside
of these tools. For instance, issues of over-reliance on tools
that limit creativity and a structured approach to problem-
solving are a one-size-fits-all, yet in real life, problems are
unique. Our findings have highlighted a gap in policy, which
is acting as an inhibitor to the usage of these tools.

Future studies should be carried out over a long period and
should start by assessing students' levels of problem-solving
at a particular age before the immersive use of GenAl and then
check the results after the use of these tools. Some metrics on
computational thinking would form the basis of such a
proposed study.
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