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Abstract. The introduction and influence of artificial intelligence into our lives were not the same as
any other technological progress, it questioned the fundamental rules of every field it fused and caused
a radical change. Various aspects of education field were affected by this trend. In particular, the sharp
impact of artificial intelligence on students' approach to assignments, topics, and learning methodology
has caused concern in the academic field. In addition to accepting the presence of substantial positive
effects, educators are worried about the irreversible negative impact of this integration. The foremost
of these is the student's critical thinking ability. Such a dual effect of Al in the education sector, on the
one hand, aims to provide easy access to information and personalized assistance, on the other hand,
the possibility of hindering their ability to think critically is a profound. Our study aims to address this,
to reveal its possible negative effects, lay groundwork for further research, and suggest solutions.

Keywords: Artificial Intelligence, Education, AI Impact on Education, Computational Thinking

1. Introduction

1.1. Whatis AI?

The term "Artificial Intelligence" (AI) was first mentioned by John McCarthy at the Dartmouth
Artificial Intelligence Conference in 1956. Leading researchers from different disciplines converged
to develop the concept around “thinking machines”. The most common discussion was not about
whether computers could mimic human intelligence, but rather about how and when it would
happen. Nowadays, Artificial Intelligence is developing and extending over every part of the world
at an alarming rate. [1], [2]

1.2. Al in Education

The introduction of Al into educational contexts may be traced to the 1970s. At that time,
researchers were interested in seeing how computers might substitute for one-to-one human
tutoring, which is considered to be the most efficacious approach to teaching but is inaccessible to
most people. [3] Since those beginnings, the application of Al in education has expanded in
multiple directions from student-facing Al (tools designed to support learning and assessment) to
also include teacher-facing Al (designed to support teaching) and system-facing Al (designed to
support

the management of educational institutions). [4] ‘Intelligent’, ‘adaptive’, and ‘personalized’ learning
systems are increasingly being developed by the private sector for deployment in schools and
universities around the world, creating a market expected to be worth 6 billion dollar in 2024
according to UNESCO Education Sector. [5] During this study we will focus on student support
tools and its impacts on their Computational Thinking (CT) ability.
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1.3. Computational Thinking (CT)

Since Jeanette Wing brought the term computational thinking to the forefront of the educational
research field, there has been a dramatic expansion in studies examining the0 concept of
computational thinking. [6] Wing outlined the basic definition of CT as a way of “solving problems,
designing systems, and understanding human behavior by drawing on the concepts of computer
science”. On the other hand, according to the International Society for Technology in Education
(ISTE) and Computer Science Teacher Association (CSTA), [7] CT is a problem-solving process
that includes (but is not limited to) the following characteristics:

e Logically organizing and analyzing data
e Representing data through abstractions

e Identifying, analyzing, and implementing possible solutions with the goal of achieving the
most efficient and effective combination of steps and resources

e Generalizing and transferring this problem-solving process to a wide variety of problems

1.4. CT: A Critical Competency for Success in the Modern World

The report "Charting a Course for Success: America’s Strategy for STEM Education", released by
the White House in December 2018, included CT when laying out the vision for the United States
to succeed in STEM education. [8] This recognition extends beyond America. "The Digital
Competence Framework for Citizens" report by the European Commission's science and
knowledge service has identified CT Competency as crucial and necessary in the modern era,
especially in the context of Media literacy skills. [9]

With the key concepts of Al its role in education, and critical thinking established, we will explore
how Al specifically impacts educational practices. The upcoming section will review existing
research on this topic, laying the groundwork for a more in-depth analysis of how Al tools
influence students' behavior. The primary goal of this study is to provide insights to support future
research and promote effective use of Al in education, while also preserving and enhancing
students' Computational Thinking abilities.

2.  Methodology

The authors operated cautiously to investigate how Al contributes to education. We pursued a
structured procedure proposed by the well-known review methodology called Preferred Reporting
Items for Systematic Reviews and Meta-Analyses. [10] The review process in the current study
consisted of multiple stages. The following sections detail how each step was conducted for this
study.

We utilized a combination of key terms including "AL" "Generative AL" "ChatGPT," and
"intelligent systems," combined with "education" and "science." This search strategy was
formulated to discover and evaluate a wide variety of relevant works centered on Al in teaching
and education.
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2.1. Search Strategy

We focused on prestigious digital repositories for relevant literature, particularly IEEE Xplore,
Springer, ERIC (U.S. Dept. of Education), and the European Commission’s science and knowledge
service. In addition, we conducted searches on Google Scholar and Google for the most current
surveys or studies.

2.2. Eligibility Criteria

Defining explicit eligibility standards helps specify the boundaries of the review. Inclusion of
studies meeting essential prerequisites and exclusion of those not aligning with research goals are
vital.

e The study must have utilized empirical methods (quantitative, qualitative, data collection, and
analysis.

e A crucial requirement is the incorporation of artificial intelligence in the research.
e Studies that did not explicitly mention Al are not accepted.
e Excluding studies are only available in abstract form.

3. Findings

In this comprehensive literature review, we carefully analyzed 38 empirical studies focusing on the
integration of Al in education and listed Table 1. Various research methodologies were followed
within these studies. More than 10 papers in the year 2024 demonstrated an increasing interest in
the topic of "Al in education".

Author(s) Year Country Topic
Aldabe & Maritxalar [11] | 2014 Spain Teacher assistance
Blikstein et al. [12] 2014 USA Patterns in learning
Figueiredo et al. [13] 2015 Portugal Teaching-Learning Sequence
Zhu X [14] 2015 USA ML approach toward optimal
education
Satabdi Basu et al. [15] 2016 USA CT in middle school
Avelino et al. [16] 2017 USA ChatGPT usage in Physics
Balakrishnan [17] 2018 . Personalized learning
Malaysia .
environment
Garcfa-Gorrostieta [18] 2018 Mexico Automatic assessment
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Rokade A et al. [19] 2018 India Agtomated grading system
using Na

Hossain et al.[20] 2019 USA Stude.nts attitud§ towards
sustainable learning

Lee et al. [21] 2019 USA Automated scoring

Azcona et al. [22] 2019 Ireland Automated evaluation

Jalil N et al. [23] 2019 | Malaysia gzcifsz f:crf;fg trends in

Koc¢-Januchta et al. [24] 2020 Sweden Students’ interaction with Al

Yannier [25] 2020 USA Al in education

Vanlehn [26] 2020 USA Tutoring systems

Perrotta [27] 2020 Australia Al in education

J Kim [28] 2020 USA Students' perspective on Al

Ferrarelli & Iocchi [29] 2021 Italy Al usage in Physics

Deveci Topal [30] 2021 Turkey Chatbot application

Maestrales [31] 2021 USA Automatic assessment

Ngadiran N et al. [32] 2021 Malaysia Self—Directed Language
Learning

Lee et al. [33] 2022 Taiwan Impact of Al tools

N Selwyn [34] 2022 Australia Impact of Al

Dirin A et al.[35] 2022 Finland ML to predict students’ path

Cooper [36] 2023 Australia ChatGPT usage in education

Elkhodr et al.[37] 2023 Australia Students' perspective on Al

Bitzenbauer [3§] 2023 Germany ChatGPT in physics

Kieser et al. [39] 2023 Germany ChatGPT in physics

Nasution [40] 2023 Indonesia Al in biology class

Daher et al. [41] 2023 Israel Al in chemistry class
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Nja et al. [42] 2023 Nigeria Al in science class
Cochran et al. [43] 2023 Switzerland Automated evaluation
Nguyen [44] 2023 Vietnam Al in biology class

Chiu et al. [45] 2023 USA Future of Al in education
Chan [40] 2023 China Al policy for university

The impact of Al writing tools

Marzuki et al. [47] 2023 Indonesia
on the content

Analyzing the Impact of Al

Ward B etal. [48] 2024 USA Tools on Student Study Habits

Table 1: Articles included in the comprehensive review

3.1. AI Adoption

The results revealed that Al has been integrated into various subject areas in the field of education,
including the physical and natural sciences. The Figure 1 provides a clear visualization of the
distribution of research topics, highlighting the prevalence of Al applications across different
educational contexts.
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Figure 1: Distribution of topics across 38 reviewed papers, grouped into broader categories. Each bar represents the
number of papers addressing a specific category

Some notable Machine Learning (ML) applications include:

e Automated Grading and Feedback Tools — mainly using supervised learning methodologies
[18],[21],]31]. There is also study [19] that relies on Natural Language Processing (NLP).
Utilization of ML has shown positive increase on straightforwardness and responsibilities
in evaluation process.
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e Tutoring tools - The human exertion of teachers focuses on organizing exercises, creating
rich learning conditions and, above all, building a profound relation with each understudy.
Based on these objectives, ML Tutors need to develop in tutoring algorithms [14].

e Prediction of student path - Several organizations have developed programs to predict
student success in educational initiatives and reduce the likelihood of dropping out [35].
Based on the understudy dull activities, the projects perceive their shortcomings and
inspect whether they can lead to expulsion.

e Matching students and teachers — These ML processing-based platforms (Skooli, TutorMe,
Brainly Tutor) matches students with certified teachers based on subject, learning style, and
availability. There are also self-directed learning models [32]. System learns from labeled
data and predicts the best match.

3.2. Students’ attitude towards learning and Al

Al-based tools were shown to have a positive impact on student learning outcomes in certain
courses. The experimental group that was exposed to Al integration in their learning environments
demonstrated significantly higher scores on their academic tests.[11], [12], [31] Besides, [13] and
[29] illustrated how Al helps facilitate improved subject understanding.

Study from Indonesia [47] where research was constructed within a case study design has
highlighted Al writing tools such as (Grammarly, QuillBot, Wordtune, and Jenni) have been found
to significantly improve students’ writing skills.

Another worth to highlight results were derived from lately publicized research by Kent State
University [48], research focuses on how Al tools can support personalized learnings where results
and analyzes were constructed based on diverse group of 71 university students’ detailed feedback.

Figure 2 demonstrates students’ perceived academic improvement since they began using Al tools.
As we can see from the chart, study [48] reveals a strongly positive trend in the perceived academic
impact of Al tools, a substantial majority 48% (34 students) reported some level of academic
improvement. This distribution indicates that Al tools are generally having a positive impact on
academic performance for most students who use them.
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Figure 2: Perceived Academic improvement chart
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Even though the study emphasizes Al's promising role in enhancing educational tools, with
feedback from students showing substantial support, students also noted the need for flexibility
and transparency to ensure Al complements traditional teaching methods.

Other studies supporting there is missing room in state of art approach, Daher [41] and Cooper
[36] argued that Al tools require strong evaluation by educators on behalf of their effectiveness in
aiding student learning. In addition, Lee [33] contends that Al-based tools, such as chatbots, can
facilitate increased cognitive activity among students during the learning process. Correspondingly,
Azcona [22] highlights that Al-facilitated personalized learning can reduce the gap between lower
and higher-performing students.

Concerns about the impact of Al tools on students' behavior, and cognitive activity extend beyond
these studies. A survey conducted by Forbes Advisor in 2023 with 500 practicing educators from
around the U.S. revealed further details on how artificial intelligence is affecting education.

3.3. The Most Common Al Tools Used in the Classroom

Teachers use Al-powered educational games more frequently than any other Al tools, but adaptive
learning platforms and automated grading and feedback systems [21], [31] are also widely used.
The survey results depicted in Figure 3 provide a clear distribution of the types of Al-based tools
educators have encountered or interacted with. The results indicate that while Al-powered
educational games (51) and adaptive learning platforms (43) are among the most frequently
encountered tools, intelligent tutoring systems (29) remain underutilized. This emphasizes the need
for increased awareness and targeted training for educators to understand better and incorporate
these tools.
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Figure 3: Distribution of Al-based tools or applications encountered in educational settings, based on a survey with
US educators
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Based on Figure 3 it is obvious that certain tools have gained popularity and are getting wider use.
The most common Al tools encountered by educators are outlined in Table 2, underlining their
functionalities.

Al Tool Functionality

ChatGPT (OpenAl) | assistant chatbot with NLP that allows you to have human-like
conversations to complete various tasks.

Quillbot provides wide range of advanced, Al-powered writing tools (grammar
checker, paraphraser, citation generator, translator)

Grammarly suggests edits in real time for spelling, grammar, and writing style. It
also suggests edits based on types of writing

Magic School Al provides platform designed specifically for educators, aiming to alleviate
burnout and enhance classroom efficiency by offers over 70 Al tools to
assist with lesson planning, differentiation, assessment creation

Curipod allows teachers to develop engaging lessons with interactive elements
such as polls, word clouds, and drawing activities, enhancing student
participation.

Eduaide.Al provides Al-driven lesson plan generation, customizable templates, and

adaptable lesson plans for unique needs

Khanmigo provides personalized and interactive tutoring with real-time feedback
with a wide range of subjects, and integrations with Khan Academy’s
curriculum

Gradescope delivers grading and feedback with student performance analytics, and

integrates with learning management systems

PowerPoint Speaker | assists educators in refining their presentation skills. It offers real-time
Coach feedback on pacing, use of filler words, and even suggests
improvements in tone and clarity.

Brisk Teaching offers an Al-powered extension for educators that can help when
creating curriculum, giving feedback, assessing student writing,
adjusting reading levels and translating texts.

Table 2: Overview of the most common Al-based tools used in educational settings, their core functionalities

3.4. Concerns of Educators

Al adoption in the classtoom poses a challenge for students, teachers, and schools as they must
learn to use these technologies responsibly. As can be seen in Figure 4 which lists down the
concerns raised by US educators regarding Al integration into the classroom, survey demonstrates
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that educators worry about cheating the most. Only four educators said, "no concerns in
particular," implying that the majority view Al integration with some level of skepticism or critical
awareness.
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Figure 4: Distribution of concerns about the use of Al in education. based on a survey with US educators

4. Discussion

As highlighted by peers, integration of Al in the learning environment brings numerous benefits,
like personalized learning and improved understanding of subjects, but it also raises valid concerns
about its impact on the CT Competencies of the learners. Within this section, the authors would
like to discuss the potential impacts of integrating Al into education on the core characteristics of
students' CT competencies.

4.1. Abstraction

Due to its strong nature Al tools can effortlessly break down a problem into simpler steps or
provide a direct solution, students may miss out on the opportunity to practice extracting key
concepts and focusing on relevant details. High dependency on AI might lead students to
become less proficient at identifying and managing abstract concepts independently.

4.2. Pattern Recognition
While AI can promote learning, the sheer volume and presentation of information may cause

Cognitive overload, potentially hindering students' ability to recognize patterns and underlying
trends in tasks and problems.
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4.3. Algorithmic Thinking

One of the key drivers for developing algorithmic thinking is when learners are faced with
challenging tasks that require a solid foundation in abstract knowledge and the ability to recognize
patterns within the problem. However, with Easy Access to Answers provided by Al tools,
learners may miss out on the opportunity to develop this competency altogether.

4.4. Generalization

Al tool adapts content to a given task automatically which doesn’t encourage the application of
learned principles to varied contexts, students may not develop the ability to transfer their
knowledge to different scenarios. This could cause Cognitive rigidity within learners.

5. Conclusion

The anticipation that somewhere around 100 million people will work in the field of artificial
intelligence by 2025 and a 50 percent growth in the field of education, and dozens of similar
statistical indicators are an indicator that artificial intelligence has caused a revolution and will
continue to do so. However, in the current situation, the deadlock has come to a point in the field
of education, because many educators and educational institutions do not know how to behave in
this matter, due to a lack of expertise, it has led to banning and blocking the use of artificial
intelligence among students and taking measures against it.

As we mentioned in the discussion section, the excessive use of artificial intelligence can have a
significant impact on their ability to criticize, think analytically, understand the basic factors of a
problem, how to behave when faced with similar challenges, and how to solve it when the task
becomes more complex.

While our research highlights the transformative potential and challenges associated with artificial
intelligence in education, it is essential to acknowledge certain limitations in the scope of our review.
Firstly, the rapid evolution of Al technologies and their diverse applications make it difficult to
capture the full spectrum of their impact comprehensively.

We see the cause for this in the students' use of Al tools and platforms as a problem solver, an
answer device, instead of a database, source of information and assistance, which leads to the side
effects mentioned above. It is our view that the best way is to show the capabilities, limitations,
and possible impacts of Al and to what level it can be used if it is used correctly. One of the
possible paths in the noted topic is the design of an instructive, interactive, innovative curriculum
in which various aspects and fields of use of artificial intelligence are discussed and mentioned in
this topic and its training in educational institutions. We hope that our research and the results we
have revealed will leave a motivating force and influence to look deeply into this topic and work
on it in the next research in this field.
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