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ABSTRACT
Aim/Purpose In this study, we propose an Al technology-based learning model using
ChatGPT and investigate its effect on students’ higher-order thinking (HOT)
ability in an operating systems (OS) course.
Background A critical requirement for IT and engineering students is supporting them in

understanding advanced OS concepts and fostering their HOT. HOT involves
analysis, evaluation, and creation of new understanding, which promotes
deeper learning, improved outcomes, and enhanced student experience. An Al
technology-based learning that supports OS instruction and focuses on HOT
presents a solution. However, little is known about integrating such an emerg-
ing technology into pedagogical contexts, and further investigation is necessary
to explore the best design and implementation and investigate its empirical ef-
fect. Pedagogical designs with appropriate theoretical foundations should be
added to the literature on Al technology-based applications. In this study, we
propose an Al technology-based learning model using ChatGPT and investi-
gate its effect on students’ performance in handling HOT tasks. Constructiv-
ism theory suggests that knowledge is constructed through the individual in-
teractive experiences of learners rather than being passively absorbed. The
proposed learning model is inspired by constructivism, which grants students
an active role in building their understanding during in-class instruction rather
than passively receiving information from the instructor. ChatGPT activities
are designed to provide learners with personalized and interactive instruction
to build new knowledge about OS topics.
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This study comprises 53 undergraduate students enrolled in an OS course of-
fered by the College of Information Technology at AL al-Bayt University in
Jordan. The participants were distributed into an experimental group that re-
ceived Al technology-based instruction using ChatGPT activities and a control
group that received traditional instruction. Students were randomly assigned to
both groups, and both groups were taught by the same instructor during the
academic year 2022—2023. The study was conducted with a quasi-experimental
design using a HOT test to evaluate and compare the students’ responses to

HOT OS problems.

This study is one of the few studies that investigate and measure ChatGPT’s
ability to foster students’ HOT. This study offers a novel contribution to the
literature by illustrating the viability of employing Al chatbots to improve stu-
dents’ ability to handle HOT tasks. The effect reported in this study resulting
from the use of ChatGPT provides empirical evidence and valuable insights
for researchers, practitioners, and educators about the viability of using Al
technology-based learning and its related issues. This can guide instructional
designers in applying Al-based activities appropriately.

The findings show that the proposed Al technology-based learning model us-
ing ChatGPT improved students’ performance and supported their profi-
ciency in responding to HOT OS tasks that span analyzing, evaluating, and
creating cognitive levels. The proposed Al technology-based learning model
that employed ChatGPT as a complementary tool helped students analyze,
evaluate, and create a new self-understanding of OS topics, which fostered
their HOT by 8.9%.

This study recommends that practitioners who utilize ChatGPT should com-
bine other common in-class activities instead of replacing them. Thus, in-class
activities become more attractive, increasing their students’ motivation.

Researchers need to understand how to design and implement ChatGPT ac-
tivities and the factors enhancing their positive impact on students and learn-
ing.

Al technology-based learning using ChatGPT can help students improve their
learning outcomes and help their instructors deliver content, leading to more
efficient and effective higher education. Appropriate design and use of
ChatGPT activities within traditional learning activities can promote and en-
courage the use of such a technology.

Additional research should be conducted to explore and measure motivation,
engagement, and students’ in-class interaction due to the use of Al technol-
ogy-based learning. Further experiments on other courses with different envi-
ronmental variables are highly recommended.

Keywords operating systems, higher-order thinking tasks, ChatGPT, constructivism
theory
INTRODUCTION

Operating Systems (OS) is a core course in computer science and an important requirement for un-
dergraduate programs in computing and some engineering disciplines and, hence, included in their
curricula (Kirkpatrick & Prins, 2015; O’Brien, 2017; Pamplona et al., 2017; Webb & Taylor, 2014).
Understanding OS concepts and functionalities helps students comprehend many other subjects and
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courses (Otero & Aravind, 2015). Many of the ideas and techniques of OS can be applied to other
related fields, such as software development. Hence, the study of OS and mastering its concepts pro-
vides students with both the experience and knowledge required for their future success (Pamplona
et al., 2017). OS comprises several advanced topics and concepts, including CPU scheduling, process
management, memory management, and virtual memory (Silberschatz et al., 2018). Learning OS con-
cepts involves additional external knowledge in data structures, computer architecture, and network-
ing to be brought into the course (Manacero & Lobato, 2013). These concepts are difficult to under-
stand, and lots of materials must be covered, requiring additional effort from students and their in-
structors. Teaching OS to undergraduate students and explaining its topics and concepts has always
been a challenge (Kvadsheim et al., 2015; Wagner & Ressler, 1997).

Moreover, higher-order thinking (HOT) is thinking on a level that is higher than memorizing or re-
stating facts (Nofrion & Wijayanto, 2018). It requires students to know and understand the facts, in-
fer from them, and connect them to other concepts. Undergraduate students are required to change
the way they study to apply and evaluate lower-level concepts and better align with HOT expecta-
tions. HOT involves analysis, evaluation, and creating new understanding, which promotes deeper
learning and improves student outcomes by encouraging the questioning of assumptions and consid-
eration of multiple perspectives. This ultimately enhances critical thinking and is essential for aca-
demic success and lifelong learning by allowing students to connect new information with prior
knowledge and apply it to real-world situations (Chaojing, 2023; Lewis, 2001).

HOT skills are an essential quality of new graduates and are among the most crucial employability
skills compared to hard skills. Hence, students with HOT skills are more likely to gain employment
and be successful in their chosen occupations (Saat et al., 2023). Fostering HOT can be achieved by
teaching students and evaluating their performance at different levels of learning classified by
Bloom’s taxonomy. Bloom’s taxonomy is a common framework that helps incorporate HOT into
student learning by categorizing learning and educational goals into lower-order level thinking of re-
membering and understanding up to HOT levels of analyzing, evaluating, and creating (Bloom et al.,
1956). Indeed, HOT leads to effective learning by starting with lower-order levels of thinking as an
important basis for encouraging students and moving to higher-order levels of thinking. Because of
the importance of such higher thinking levels for students’ learning, it is essential to integrate HOT
into learning activities, especially for OS, in the context of this study. When teachers help their stu-
dents develop HOT skills at the top of the revised Bloom’s taxonomy pyramid that is shown in Fig-
ure 1, i.e.,, analyzing, evaluating, and creating (Anderson & Krathwohl, 2001), they are targeting the
improvement of common 21st-century skills, i.e., critical thinking and creativity, that have recently
been trending in education. Considering the importance of the OS subject for juniors and seniors,
there is an immense need to foster their HOT and enhance their related skills.

BLOOM'S TAXONOMY — COGNITIVE DOMAIN (2001)
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Consequently, the problem addressed in this study was initiated by the need to help undergraduate
students understand OS objectives and grasp its complex topics to improve their responses to HOT
tasks, especially with the limited effectiveness of traditional instruction (Kvadsheim et al., 2015).
Traditionally, students mainly rely on limited explanations to receive knowledge under limited class
time, limited knowledge by the instructor and textbook, and limited additional support provided by
other resources such as videos and recordings. Such resources are considered one-way
communication and suffer from a lack of personalized and self-learning abilities. Teachers find it
difficult to meet advanced OS objectives, and this problem is made worse by the absence of
resources and the inability to offer personalized and interactive learning that can help students
understand these ideas. Traditional teaching methods such as lecturing, reading textbooks, and
watching short videos accessible online have a primary role in education that offer clear guidance of
specific skills, reinforce basic skills, and provide structured content and exercises. However, such
passive learning, teacher-centered, and one-size-fits-all student teaching methods limit their ability to
toster HOT for students (Tomlinson, 2000). Due to the rapid evolution of knowledge, availability of
online resources, and distinctive characteristics of today’s generation of students, traditional
resources provide non-dynamic information, fixed examples, and solutions that cannot satisfy
learners’ dynamic requirements, especially the OS topics and HOT problems. Such limitations
highlight the need for incorporating more interactive, personalized, and student-centered approaches
and resources. Additional modern strategies that complement and support traditional methods can
help address these limitations and better support the development of HOT skills of students.
Traditional teaching can better foster HOT when integrated with interactive elements or critical
discussions (Freeman et al., 2014). Therefore, blending traditional OS instructional methods with
interactive and collaborative strategies tends to be more successful in supporting students’
understanding and application of complex OS issues and improving their ability to handle HOT OS
problems.

Further support is required to provide dynamic responses, examples, alternatives, and different meth-
ods of explanation in a personalized OS learning environment. Indeed, because students have differ-
ent learning styles and individual differences, it is important to incorporate various novel classtoom
activities and teaching techniques. Students are more attracted to a type of learning that enables them
to achieve their best performance with less effort, especially with the latest technological develop-
ments. Additional effort is needed to get OS students involved in classroom activities, facilitate inter-
active learning, assist them in achieving their learning objectives, and help them respond more effec-
tively to HOT tasks. This complexity can be facilitated by providing personalized and interactive self-
learning experiences with real-time feedback.

In this scenario, the generative pre-trained transformer (GPT) is an Al application that has garnered
intense interest in the field of education due to its ability to produce human-like text answers over a
wide variety of inputs. The integration of GPT into education can transform traditional teaching
methods by providing students with personalized and interactive learning experiences that maintain
their motivation, engagement, and achievement (Alajaji & Alshwiah, 2021; Kabilan et al., 2023). Alt-
hough several common activities, such as brainstorming, picture-taking, rewriting narrative endings,
and projects, can be used to support students, Al technology-based activities stand out for their abil-
ity to provide self-learning with real-time feedback (Javaid et al., 2023). This helps overcome tradi-
tional in-class learning limitations and enhances students’” HOT skills (Neji et al., 2023). Among sev-
eral Al technology-based chatbots produced by GPT models, such as Google BARD, Microsoft Bing
Chat, Chatsonic, and WriterZen, ChatGPT has been the most widely discussed language model thus
far (Frieder et al., 2023) and has set a new record for the fastest-growing consumer application in his-
tory (Hu, 2023) — this is why we gave it the primary focus in this study. ChatGPT is the original and
most popular Al chatbot used in the educational field (Sanchez et al., 2020). ChatGPT can support
the instructional process and is useful for students and their teachers because it offers personalized
and interactive learning experiences and can offer a wide range of computational problems with sev-
eral alternative solutions and clear explanations (Husain, 2024). ChatGPT can help students analyze,
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evaluate, and create a new understanding of complex ideas by providing diverse real-time explana-
tions and rich examples with self-interactive learning.

This study posits that Al technology-based activities using ChatGPT provide a promising solution to
facilitate the complexity of OS topics and foster HOT for their students. Additional support using
ChatGPT instructional activities that offer personalized interactive learning with immediate feedback
might be helpful for students to tackle such multidisciplinary and complex courses better. A learning
model with a proper theoretical foundation that enables individual and personalized learning for OS
students using Al chatbots instead of instructor-dependent learning is highly required.

Until now, there have been limited studies on the empirical effects of ChatGPT on undergraduate
students’ performance and their abilities to tackle HOT tasks, particulatly for IT subjects like OS
(Wardat et al., 2023). Little is known about how to integrate such an emerging technology into a ped-
agogical context, and there are no satisfactory results regarding its potential effects on learners. Fur-
ther studies using different environmental variables (subjects, students, learning strategies) are needed
to explore the best design and implementation and to investigate technology’s practical efficiency.
Pedagogical designs with appropriate theoretical foundations should be added to the literature on Al
technology-based applications. Accordingly, we conducted this study to fill such research gaps by
employing an Al technology-based learning model via ChatGPT and measuring its effects on stu-
dents’ responses to HOT OS tasks. Guided by constructivism theory, we posit that students’ perfor-
mance and their HOT can be improved when ChatGPT activities are correctly integrated into tradi-
tional teaching methods that offer a personalized learning environment. Constructivism suggests that
knowledge is constructed through the individual interactive experiences of learners rather than being
passively absorbed. ChatGPT can provide learners with personalized and interactive instruction to
build new knowledge about OS topics. The proposed learning model is inspired by constructivism,
which grants students an active role in building their understanding during in-class instruction rather
than passively receiving information from the instructor. Additionally, students can analyze, evaluate,
and create new knowledge and incorporate their prior knowledge into their schemas.

The aim is to introduce Al technology-based learning that employs ChatGPT in-class activities that
complement other OS classroom activities and empirically investigate their effects on students’ HOT
performance. The findings of this research could provide significant insights regarding integrating Al
chatbots such as ChatGPT into IT courses (i.e., OS) and lead to a better understanding of the best
methods of integration with maximum benefits and educational implications. This study can offer
educators and educational institutes guidance for efficient use in OS instruction and other similar IT
and engineering subjects. In this study, we sought to answer the following research question:

e Does the Al technology-based instructional approach using ChatGPT significantly impact
students’ ability to tackle HOT tasks when studying operating systems?

BACKGROUND AND LITERATURE

CONSTRUCTIVISM THEORY

The theory of constructivism is defined as generative learning, in which knowledge is constructed,
and meaning is created from what students learn individually. According to constructivism, students
can study and understand new concepts efficiently by building new knowledge through individual
interactive experiences that are integrated into previous knowledge. Perceiving new knowledge
passively by a direct process of knowledge transmission is not an efficient way to acquire and
understand new knowledge. This theoretical foundation motivated several researchers to investigate
the effectiveness of constructivist-based approaches in teaching, showing promising results for
improving student performance (Galia, 2016). Constructivist teaching helps develop cognitive skills
because the learner plays an active role in the learning process (Sharma, 2014). Constructivism also
emphasizes the importance of social interaction and collaboration in learning. It helps develop
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cognitive skills because it provides opportunities for learners to negotiate ideas, perform challenges,
and build a shared understanding. Constructivism, therefore, posits that the learner has recent prior
knowledge and experiences that often result from previous information. That information can inspire
the learner to move toward higher cognitive levels, that is, HOT skills. Learning is therefore
accomplished by students’ “constructing” knowledge from their experiences, starting with lower-
order thinking levels and moving toward HOT levels in a socially interactive way.

In sum, constructivism’s main idea is that human learning is constructed and that learners build new
knowledge upon the foundation of previous learning. Thus, building on this theoretical foundation,
we posit that ChatGPT can help students obtain new understandings of OS concepts that can easily
be integrated into their previous related knowledge through interactive self-learning experiences. Stu-
dents can move from basic thinking (i.e., lower-order thinking tasks) to HOT OS problems. Indeed,
the proposed learning model is inspired by such a foundation by introducing the intended topic of
the lecture initially in the first part, then allowing students to construct knowledge personally using
ChatGPT based on their prior information. Lastly, collaboration, among others, should be allowed
through class discussion in the last part of the lecture.

AI-BASED LEARNING

OS is an essential subject for undergraduate students pursuing their degree in computer science or
engineering and is included in their requirements (Kirkpatrick & Prins, 2015; O’Brien, 2017; Webb &
Taylor, 2014). Several strategies have been implemented to improve OS teaching and overcome its
issues. An example is the use of graphical simulators in OS instruction to provide a visual representa-
tion to facilitate understanding of how OS works by observing events at each moment (Cafas, 1987).
The learning environment approach employs software applications to teach and learn OS. Collabora-
tive learning techniques are used to improve learning in OS by emphasizing student interactions ra-
ther than learning as a solitary activity (Prince, 2004). Educational games are also used as OS teach-
ing, as are learning tools that offer opportunities for students to practice various concepts and skills
(Bodnar et al., 2016). However, additional support with interactive learning, additional explanation
and clarification, adaptability, and instant feedback may be more helpful for students to handle such
multidisciplinary topics better and improve their performance.

Recently, innovative Al tools such as chatbots have become increasingly utilized in educational con-
texts, offering personalized student learning and expanding their opportunities, collaboration, and
accessibility (Wu & Yu, 2023). Indeed, providing personalized learning, automated assessment, pre-
dictive analytics, and learning analytics advantages can significantly improve instructional strategies
and the instructional process for teachers and students (Husain, 2024). Consequently, several educa-
tional benefits of using Al tools have been reported recently. For instance, Al can help educational
institutes and their teachers reduce workload by automating student evaluation with high levels of ac-
curacy, reliability, and validity, predicting academic performance, identifying potential at-risk students
(Baker, 2021), and enhancing curriculum design by identifying trends and patterns that can inform
appropriate improvement in instructional decisions (Shum et al., 2019). For students, Al proved its
ability to enhance their learning outcomes (Baker, 2021; Rodriguez-Alvarez et al., 2020), provide pet-
sonalizing feedback (Alhajjaji et al., 2021), enhance their engagement and academic achievement
(Popenici & Kerr, 2017), and enhance their motivation (Oktradiksa et al., 2021).

Moreover, several educational applications of Al chatbots, such as ChatGPT, have been investigated
in specific domains and disciplines, such as language, science, and programming, with outstanding
results. Indeed, Al improved student performance in language learning (Zhu et al., 2023), improved
problem-solving and conceptual understanding of physics (Kortemeyer, 2023; Rowe & Lester, 2020),
enhanced students’ problem-solving skills and their understanding of complex biological concepts
(Aminoshariae et al., 2021), and enhanced students’ understanding of basic chemistry concepts with
efficient learning (Choudhary et al., 2021). In the field of IT education, studies have demonstrated
several abilities of ChatGPT and its efficiency in supporting students to perform computational tasks
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and solve advanced problems (Biswas, 2023), improve students’ programming skills (Chen et al.,
2023), improve their computational thinking (Yilmaz & Karaoglan Yilmaz, 2023), and enhance their
academic performance in data structures and algorithms (Qureshi, 2023).

However, while several educational benefits of ChatGPT have been reported, this outstanding per-
formance might vary across subject domains, ranging from satisfactory to unsatisfactory (Lo, 2023).
For instance, ChatGPT’s capability in mathematics is claimed to be unsatisfactory, falling short of the
level of average students due to imprecise answers for a given input (Frieder et al., 2023). Another
investigation by Wardat et al. (2023) about ChatGPT performance in mathematical educational sce-
narios revealed various performance issues and a lack of a deep understanding of geometry.
ChatGPT also provided unsatisfactory performance in the sports science and psychology domains
with low scores (Methnani et al., 2023; Szabo, 2023). The poor performance of ChatGPT in per-
forming software testing and training was also revealed by Ahmad et al. (2023) and Zhang et al.
(2023). Several limitations to using ChatGPT were observed, including potential biases, the inability
to process visual information, privacy and security issues, and misuse of ChatGPT by obtaining ready
solutions without understanding (Fiialka et al., 2023; Rahman & Watanobe, 2023). Furthermore, sev-
eral challenges have been reported due to the integration of ChatGPT in the educational context.
Halaweh (2023) emphasizes the need for responsible implementation strategies when integrating
ChatGPT into educational settings, which acknowledges the risks of overreliance and the generation
of inaccurate information. Sok and Heng (2023) review ChatGPT risks in education and emphasize
the need for mitigation strategies and the integration of other educational resources. Mhlanga (2023)
provides insights into the responsible and ethical use of ChatGPT in education, highlighting the need
for transparency, fairness, and privacy protection.

Indeed, there needs to be more practical evidence regarding ChatGPT’s efficacy in enhancing educa-
tional performance in I'T and computer disciplines, especially HOT for undergraduate students. Lim-
ited research focuses on HOT skills and has identified several issues (Guo & Lee, 2023; Susnjak,
2022). A descriptive study by Guo and Lee (2023) revealed that ChatGPT provided diverse students’
perspectives and challenged their ways of thinking, which enhanced their critical thinking skills. How-
ever, concerns have been raised, including low-quality student comments and difficulties validating
information sources. Susnjak (2022) evaluated the ability of ChatGPT to perform high-level cognitive
tasks and produce text similar to human-generated ones, but as a concern that might affect academic
misconduct in online exams. The study found that ChatGPT is capable of exhibiting critical thinking
skills and generating highly realistic text with minimal input, making it a concern that threatens online
exam integrity, particularly in higher education settings.

The contradicting results of such investigations propose several avenues for research that ought to be
explored to guarantee the best integration of Al chatbots, especially ChatGPT, into higher educa-
tional contexts. Therefore, the study aimed to explore how ChatGPT can foster HOT among stu-
dents, especially in OS, through an Al-based personalized learning environment. Indeed, little is
known about how to integrate such emerging technology into pedagogical contexts and teaching
practices. Additional studies using different environmental variables are needed to explore the best
design and implementation of Al technology-based learning models and provide additional
knowledge on the best method for integrating Al chatbots into IT courses. Further research is
needed to fully understand how to integrate large language models like ChatGPT in such a way that
fosters the HOT of the students. Educators and institutions must be aware of the possibility of
ChatGPT being used to improve HOT rather than focusing on lower-order thinking for all students.
Additional studies will provide valuable input for developing the effective use of Al in programming
instruction and pedagogical practices for instructors, students, and curriculum developers. Instruc-
tional strategies and designs with theoretical foundations should be added to the literature on Al-
based learning and ChatGPT integration.
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METHODS

SUBJECTS

This study included 53 undergraduate students who were enrolled in an OS course offered by the
College of Information Technology at al-Bayt University in Jordan during the academic year 2022—
2023. The participants were randomly assigned into two groups: the experimental group (n = 23) re-
ceived Al technology-based instruction using ChatGPT activities, and the control group (n = 30) re-
ceived instruction using the traditional approach, as shown in Table 1. Both groups received the
same instruction over 14 weeks — two lectures a week. The experimental group received additional
ChatGPT-based instruction for 30 minutes per lecture, while the control group received traditional
instructional activities for the same time. ChatGPT was used in this study to practice personal self-
learning through Al web-based activities that generated coherent text and answered questions in nat-
ural language and visual knowledge. The ChatGPT activities were designed to provide personalized
and interactive OS instruction for the students during in-class instruction.

Table 1. Participants of the study

Groups Male Female Subtotal
Experimental 12 18 30
Control 10 13 23

Overall total 53

The study is conducted with a quasi-experimental design using a HOT test to evaluate and compare
the students’ responses to HOT OS problems.

INSTRUMENT

In this study, we measured and compared the effectiveness of Al technology-based instruction using
ChatGPT instruction with traditional classroom instruction in improving students’ ability to tackle
HOT OS tasks and topics. To assess the participants’ ability to handle HOT tasks, we administered a
test that measures HOT OS concepts after the instruction was completed for both groups. The test
consisted of questions that span the HOT cognitive levels of Bloom’s taxonomy, which are analyz-
ing, evaluating, and creating, where each item represents and measures one HOT OS objective. The
test items were deliberately chosen from an item bank that the course textbook’s author had built.
The item bank was based on the course objectives, including many items of varying difficulty levels
that addressed the HOT cognitive levels corresponding to each objective. We evaluated the content
validity of the test by presenting it to a validation panel of multiple seasoned instructors and experts
in their fields and in test construction. The final test items were chosen based on their assessments of
the items’ distribution across the relevant content areas and the assessed HOT cognitive levels.

The test items were specified in a table format and were intended to evaluate OS-related objectives.
The test comprised 20 multiple-choice items and six scenario items. In the multiple-choice questions,
a correct answer was awarded one point; an erroneous answer was given zero points. Each scenario
question was worth five points, and the total score could be as high as 50 or as low as zero. The strat-
ified alpha coefficients for the test were computed and found to be within an acceptable range (0.89).
An example showing proposed memory management objectives according to Bloom’s HOT skills is
presented in Figure 2, and their corresponding test item sample is presented in Table 2.
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Figure 2. Bloom’s taxonomy with a practical OS example (memory management)

Table 2. An example of test items that span HOT levels for memory management

: o - Bloom’s cognitive

Higher-order thinking test items level (HOT)
Explain why page sizes are always powers of 2 Analyzing
Calculate how many bits there are in the logical address and physical ad- Evaluating
dress for an 8-page logical address space with 1024 words for each, mapped
onto a physical memory of 32 frames.
Assuming a paging system with a page table stored in memory, formulate Creating
how long a paged memory reference takes if the memory reference takes
200 nanoseconds.

PROCEDURES AND THE PROPOSED LEARNING MODEL

The experiment began during the 2022-2023 academic year for both groups and lasted for 14 weeks,
with two 75-minute teaching sessions per week. The control group received instruction using tradi-
tional instructional techniques, which included face-to-face lectures in addition to other common
learning in-class activities such as brainstorming, quizzes, presentations, case studies, asking ques-
tions, discussions, and group learning. The experimental group’s lessons were augmented by the pro-
posed Al technology-based learning method using ChatGPT.

To answer the research question, we proposed an Al technology-based learning model for experi-
mental group instruction. The proposed Al technology-based learning model depends primarily on
designing and implementing ChatGPT activities integrated into learning objectives to create an Al-
like environment. Our design of the proposed model was consistent with and supported by the the-
oty of constructivism in that the individual learner plays an active role in the learning process.
ChatGPT can achieve and support personalized self-learning. Properly integrating ChatGPT into OS
learning, especially with the existing unstructured learning, raises several issues, such as selecting or
formulating questions, obtaining undesired responses, and efficiently understanding and interpreting
ChatGPT responses (Husain, 2024). Therefore, to effectively overcome such issues and help achieve
the intended learning objectives, we introduced a complementary role for ChatGPT within the class-
room under the instructor’s supervision. The OS learning objectives were first delivered by the in-
structors and then supported by ChatGPT activities as individualized learning.

Consequently, to measure and compare the ability of ChatGPT to improve students’ responses to
HOT tasks, the experimental group was taught using an Al technology-based instructional model
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parallel to the traditional control group. Each ChatGPT-based activity was mapped to a learning out-
come derived from textbook objectives (HOT tasks, for instance), and several tasks were prepared by
the instructor before the in-class lectures, including problem details, potential questions for
ChatGPT, and ideas about the expected results. To follow up with the study experiment, the first
part of the lecture was designated for traditional instruction by the instructor; an Al-based interaction
session was then established in the second part with directions including a clear learning outcome, a
corresponding problem to solve, and potential related questions before each ChatGPT-based activity.
Students could also get support during their interaction sessions with ChatGPT, which included for-
mulating questions and interpreting responses. For each ChatGPT-based activity, students were
given directions to deploy ChatGPT to solve or generate additional explanations for a given problem.

The instructor initiated the Al-based interactive session of each lecture by displaying the intended
ChatGPT-based activity details (i.e., problem details, potential questions for ChatGPT, and ideas
about the expected results) on the main presentation screen in the class. An example of an Al-based
interactive session initiated by the instructor for one of the lectures about the Shortest Job First
scheduling algorithm is presented in Appendix A as an example. Consequently, while students were
communicating with ChatGPT, they had to work on the related questions and then interpret the re-
lated responses using their web-connected mobile phones. Students could perform a self-summariza-
tion of the final result, indicating their conclusion and acquisition of knowledge during their interac-
tion with ChatGPT. Students could also perform self-evaluation by comparing the obtained
ChatGPT results with their summarized solution for that problem when required. An overall discus-
sion was conducted in the class among all students, discussing the results and any additional issues
that had emerged from that problem or case study. Students’ tasks during their ChatGPT interaction
included formulating ChatGPT prompts, interpreting ChatGPT responses, self-summarization, and
self-evaluation. Finally, students were required to capture and report their progress during their
ChatGPT interaction session, including the ChatGPT prompts and their responses. They also had to
report their self-summarization and self-evaluation as a PDF file and submit it to a homework post
on Moodle LMS. At the end of the ChatGPT-based activity session, the best reports observed during
discussions were presented on the main presentation screen in the class and discussed to provide fur-
ther benefits to other students. In contrast, student-instructor interaction was conducted in the sec-
ond part of traditional group instruction, including direct instructions, illustrative examples, class
group discussions, and assignments. Finally, to measure and compare students’ performance in the
Al technology-based instructional group with the traditional group, the HOT test was conducted in
the last week of the experiment at the end of the instructional period for both groups. The ChatGPT
learning model and the traditional model are presented in Table 3.

Table 3. ChatGPT learning model vs. traditional model

Learnin, First part of : :
g (St part ¢ Second part of the instruction
model the instruction
Discussion ChatGPT
2 Problem . Self-
ChatGPT- | presentation, L Interaction o Class group
. determination . . summarization . .
based questions, L (interactive . discussion
(objective) . and self-evaluation
answers learning)
Discussion
iy 2 Problem
Traditional | presentation, o . . . Class group
. determination | Student-instructor interaction . .
questions, L discussion
(objective)
answers

A real-time challenge was occasionally conducted among students during selected lectures by asking
them to identify a specified problem or scenario within a specified period. This challenging design
helped increase students’ engagement and participation. The instructors supported tasks such as for-
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mulating ChatGPT prompts, interpreting ChatGPT responses, and summarizing the overall re-
sponses about a specific topic. In some cases, instructors assigned additional out-of-class ChatGPT-
based activities to students.

Appendix B presents an example of a ChatGPT interaction session, showing questions posted and
responses generated for one student communicating with ChatGPT to build knowledge about the
Shortest Job First scheduling algorithm as an example.

RESULTS

To measure students’ performance in the Al technology-based instructional group and evaluate the
ability of ChatGPT to improve their responses to HOT tasks, we applied analysis of variance statis-
tics to the students’ performance on the HOT test scores of both groups. Initially, before conducting
data analysis, we used several assumptions to examine the normal distribution and homogeneity of
the data. For example, an examination of box plots revealed that the data contained no outliers. The
data were transformed to achieve a normal distribution assumption on the dependent variable, as in-
dicated by the Shapiro-Wilks test (P = 0.294). The homogeneity of variances assumption was also
satisfied, as indicated by Levene’s test of equivalence of error variances (P = 0.947). Having met
these assumptions, an analysis of variance statistics was applied to the students’ performance for the
HOT test scores of both groups.

Consequently, to analyze student performance in tackling HOT tasks, the mean scores and standard
deviations for students’ responses to the HOT test have been measured and compared for both
study groups. Table 4 shows the obtained mean scores and standard deviations of the students’ HOT
task performance.

Table 4. Sample size, mean score, and standard deviation of the HOT tasks performance

Instructional method Sample size Mean score Standard deviation
Traditional 30 23.10 8.486
ChatGPT-based 23 28.74 9.896
Total 53 25.55 9.463

Figure 3 indicates that the mean scores of student responses on HOT tasks in the Al technology-
based experimental group (mean score = 28.74) exceeded that of the traditional control group (mean
score = 23.10). We observed that the students who used ChatGPT during their OS learning outper-
formed the students who learned traditionally and responded better to HOT OS tasks.

Mean Score and Standard Deviation for groups

Al-based Control

Figure 3. Mean scores for Al technology-based experimental group and control group
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Accordingly, to determine whether the difference in the performance between the experimental and
control groups is statistically significant and to determine how the teaching strategy affected the stu-
dents’ performance on HOT OS tasks, we conducted an analysis of variance, as shown in Table 5.
To ascertain the results’ practical importance, the effect size was also calculated.

Table 5. Analysis of variance results of students’ test in HOT OS tasks

Source Type III SS. DF MS. F value | Sig. | Partial n2
Instructional method 413.997 1 413.997 4.977 | 0.030 0.089
Error 4242.635 51 83.189
Total 39247.500 53

The analysis of variance results revealed a statistically significant effect of the Al technology-based
instructional method on students’ responses to HOT tasks in OS (F [1,51] = 4.977, P = 0.030), (P <
0.05) with a medium effect size (partial n2 = 0.089). The obtained results suggest that 8.9% of the
total variance in the students’ performance on HOT tasks was attributable to the Al technology-
based instructional method (Cohen, 2013). The Al technology-based instructional method using
ChatGPT improves students’ performance and enhances their responses to HOT OS tasks. This
finding suggests that students’ performance and their responses to HOT OS tasks might be im-
proved according to the instructional method adopted for the experimental study group.

DISCUSSION

In this study, we propose an Al technology-based learning model using ChatGPT and investigate its
effect on the performance of undergraduate students at Al al-Bayt University in Jordan when under-
taking HOT OS tasks. The results showed a positive effect of the Al technology-based instructional
method using ChatGPT on the students’ performance in handling HOT tasks, which outperformed
traditional methods. This result suggests that students who studied using Al-based instruction were
enabled to analyze, evaluate, and create new knowledge when exposed to in-class ChatGPT activities
that enriched their HOT responses and skills. This exposure to HOT OS problems and obtaining
their solutions using ChatGPT improved students’ ability to handle such advanced tasks. The find-
ings are consistent with the theory of constructivism in that learners acquire, retain, and construct
knowledge individually and interactively under their preferences and control using ChatGPT activi-
ties involved in the proposed learning model. Indeed, constructivism theory emphasizes the active
role of learners in building their own understanding, which is achieved in the proposed learning
model. The result is consistent with previous studies (Kortemeyer, 2023; Oktradiksa et al., 2021;
Popenici & Kerr, 2017; Rowe & Lester, 2020; Zhu et al., 2023), which reported positive effects from
using Al chatbots such as ChatGPT in several educational contexts and in several dimensions, and
specifically in IT education (Biswas, 2023; Chen et al., 2023; Qureshi, 2023; Yilmaz & Karaoglan
Yilmaz, 2023). The performance of students’ HOT reported in this study is in line with the survey
study of Guo and Lee (2023) about the usefulness of ChatGPT in developing HOT skills, which re-
vealed a significant improvement in students’ self-perception of their critical thinking competence
and comprehension of complex subjects.

In contrast, the obtained result in this study contradicts several other findings that revealed unsatis-
factory performance of using ChatGPT in other contexts and domains such as mathematics (Frieder
et al., 2023) and (Wardat et al., 2023), sports science and psychology (Methnani et al., 2023; Szabo,
2023), and software testing and training (Ahmad et al., 2023) and (Zhang et al., 2023). Potential rea-
sons might relate to subject domain issues and requirements or correspond to the deployment
method of ChatGPT within other instructional activities. Instead of providing open and unguided
use of ChatGPT, we limit ChatGPT use for each lecture to a predetermined HOT problem related to
a specific HOT objective. The present study confirms that enabling students to interact with
ChatGPT individually but within predetermined and specific problems, guided by HOT objectives
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and under the instructor’s guidance, helps students obtain the required support and reduce potential
consequences (Guo & Lee, 2023). Another reason might be related to the misuse of ChatGPT by
students by obtaining feedback knowledge and submitting the answers without refining or revising
the result. This confirms the importance of students’ self-summarization and the final discussion re-
quired by the proposed learning model.

Students’ ability to handle complex and advanced OS topics and respond to and tackle HOT OS
tasks is improved by appropriately using ChatGPT activities in the classroom. Interacting with
ChatGPT with prompts about predetermined HOT problems related to HOT objectives increased
students’ curiosity and improved their motivation. The proposed learning model changes the role of
students from knowledge receivers to self-learners who construct their own knowledge. The process
of analyzing solution alternatives, finding the best one, and constructing an overall solution made by
each student increases their self-confidence and improves their HOT. The proposed Al technology-
based instructional model using ChatGPT enables the students to practice interactive learning and
construct the required knowledge according to their preferences and capabilities in such a way that
satisfies individual differences. ChatGPT has access to a huge amount of information regarding vari-
ous OS problems, alternative solutions, and illustrations that can satisfy students’ needs and improve
their creativity and critical thinking. Accordingly, ChatGPT’s responses simplify complex HOT prob-
lems by providing solutions in several steps, and each step is presented by various methods. Students
can create the final best solution.

Blinding ChatGPT activities within traditional OS instructional activities satisfies students’ diverse
and varied learning needs, styles, and preferences, resulting in more effective engagement and a bet-
ter understanding of its complex topics. Such an Al-based mix allows students to petform real-time
inquiries about diverse OS problems, obtain specific and instant feedback, and obtain flexible re-
sponses that adapt to their evolving dynamic needs. This ultimately helps in tailoring the OS instruc-
tion to students’ individual needs and is more effective in developing their HOT.

In sum, adding ChatGPT activities to classroom instruction as a complementary tool under the guid-
ance of instructors has contributed to improving the performance of students and their responses to
HOT tasks in several dimensions. First, the conversational nature of ChatGPT can help reduce the
boredom and frustration that students may experience when playing knowledge receiver roles. OS
students may feel more comfortable asking ChatGPT questions rather than their teachers or peers,
which reduces anxiety and self-consciousness, allowing students to seek help without fear of judg-
ment. Second, ChatGPT can setve as a valuable supplemental learning tool alongside traditional edu-
cational resources by providing additional practical activities, explanations, and reinforcement of ad-
vanced concepts covered in class. Furthermore, ChatGPT may be adaptable to each student’s re-
quirements and preferences during their interactive sessions. ChatGPT may provide personalized ex-
planations and resources based on each student’s preferred level of knowledge by evaluating their
questions and interactions.

IMPLICATIONS

Before incorporating ChatGPT into lesson plans, it’s important to identify clear learning objectives,
especially HOT ones, determine what students should learn in each session, and how ChatGPT can
assist in achieving those goals. ChatGPT also should be used as a complementary tool that enhances
learning instead of replacing traditional teaching methods. For instance, instead of simply relying on
ChatGPT for study, students are required to use ChatGPT as a part of the lecture to gather infor-
mation and construct new knowledge for precise and predetermined problems. Additionally, it’s im-
portant to provide adequate guidance and ongoing support for ChatGPT use to ensure efficient use.
Supported by constructivism theory, the proposed learning model integrated ChatGPT into teaching
practices by granting students an active role in building their own understanding during in-class in-
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struction rather than passively receiving information from the instructor. Additionally, by the interac-
tion of prior knowledge they have, students were enabled to analyze, evaluate, and create new
knowledge to incorporate into their schemas and experiences.

This study provides several important implications for both research and practice. First, this is one of
the few studies that investigate and measure ChatGPT’s ability to foster students” HOT. Various pre-
vious tresearch in the literature primarily focused on the effect of ChatGPT on students’ perfor-
mances in several dimensions, such as achievement, motivation, and engagement; this research en-
riches the literature and offers insights for future studies. Second, this study extends the application
of the constructivism theory in the literature to the integration of Al-based activities within other in-
structional activities. The empirical evidence regarding the effect of ChatGPT on the HOT of stu-
dents confirms the findings from previous studies in the literature that the appropriate instructional
design and use of Al chatbots are important to foster students” HOT and improve their perfor-
mance.

From a practitioner’s perspective, this study encourages educational institutes to take into considera-
tion the recent developments in Al-based technologies and the tremendous number of their applica-
tions and include Al-based activities in their course plans and instruction. It is useful for educational
institutes to have dedicated Al-based activities in their course outlines and instructional processes.
Indeed, Al-based activities are helpful for teachers by reducing instructional workloads of higher
quality and are useful for students by offering personalized and interactive learning experiences to
construct new knowledge. Clearly, as the number of Al-based applications grows, practitioners could
benefit from the findings of this study by better identifying a helpful design that best integrates Al-
based instructional activities in a way that reduces the consequences and increases the benefits.

CONCLUSION

This study introduces an enhanced Al technology-based learning model using ChatGPT based on
the principles of the theory of constructivism to help students address and solve HOT OS tasks and
issues. By highlighting the significance of using ChatGPT in the classroom and demonstrating best
practices for integrating and optimizing the design of ChatGPT activities, this study provides innova-
tive additions to the related literature. Empirical findings demonstrate that students’ performance in
and responses to HOT OS tasks were improved by the suggested Al technology-based learning
model utilizing ChatGPT activities. The results show that students were more likely to complete
HOT tasks effectively when they studied using the proposed Al technology-based learning model
and were exposed to ChatGPT in-class activities.

Incorporating ChatGPT as a complementary tool with other teaching strategies stimulates students’
critical thinking and creativity by increasing their engagement and motivation. Such features made
this approach an adequate educational mixture between the human elements on the one hand and
artificial intelligence on the other. Indeed, each lecture is intended to solve a specific HOT problem
addressed by the instructor and find a personalized solution using ChatGPT. Each student can con-
struct knowledge based on previous information he has owned individually. ChatGPT responses pro-
vide several alternative solutions that help students analyze, evaluate, and create a new self-under-
standing of OS topics, which fosters critical thinking.

Incorporating ChatGPT also helped generate OS problems that provoke students’ HOT, create solu-
tions, and discuss alternative methods to reach a clear explanation. ChatGPT can receive any addi-
tional detailed information related to HOT topics to improve student responses and better explain
and solve HOT tasks. ChatGPT has played the role of assistant teacher, which is the primary way it
contributes to improving students’ performance. Furthermore, ChatGPT helps review basic concepts
and generalizations and creatively reorganizes ideas about OS.
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Although real-time feedback can assist students in performing self-summarization and self-evalua-
tion, ChatGPT permits self-learning according to students’ differences and creates better understand-
ing using a repeatable method. Students can revise and express the knowledge they have learned
through Al conversation by completing self-summarization exercises. Students can share new
thoughts and experiences that have occurred during interactive learning by self-evaluating. This study
offers valuable information about using Al chatbots for suitable activities in instructional design. It
expands current research on Al-based learning and has important ramifications for both practice and
research. Higher education must integrate ChatGPT into traditional teaching methods to motivate
students to regularly access and apply the most recent knowledge and HOT problems to enhance
their performance. It also helps educational institutions become more sustainable by attracting elite
students and improving student satisfaction and achievement levels.

Overall, students in the OS class can enhance their learning, receive personalized support, and even-
tually enhance their ability to complete HOT tasks by utilizing ChatGPT features. It is imperative to
mention that although ChatGPT can be a useful instrument, it needs to be employed with other edu-
cational tools; it should not replace human guidance and assistance.

However, students with less patience, less motivation, and fewer communication skills with
ChatGPT to obtain the right answers that can satisfy the required questions have practical limitations
that influenced the obtained results and reduced the effect size of this study. Additional training on
ChatGPT communication and using motivating factors for students might be useful and provide ad-
ditional insights to overcome such limitations. Further research is needed to explore whether Al-
based instruction can be used effectively in other courses with diverse contextual variables and suita-
ble in-class activity designs. To obtain better outcomes, we advise focusing more on educational ap-
proaches in conjunction with Al chatbots and substitutes. It is advisable to investigate the impact of
utilizing Al chatbots on additional characteristics, including motivation, engagement, self-efficacy,
and academic self-perception. Additional problems to consider are managing students’ conduct dur-
ing in-class activities and utilizing the right Al chatbot for the subject. Finally, the study’s limitations
should be acknowledged, including subject area, sample size, and other environmental variables. We
advise repeating this study with a larger number of students in different contexts and in other aca-
demic courses offered by different colleges and universities.
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APPENDIX A: AN AI-BASED INTERACTIVE SESSION INITIATED
BY THE INSTRUCTOR AS AN EXAMPLE

Main objective: Understanding CPU Scheduling Algorithms.
Lecture sub-objective: Understand Shortest Job First (SJF) CPU Scheduling Algorithm.

The first part:
e The instructor introduces the concept of the Shortest Job First (SJF) CPU scheduling algo-
rithm and how processes are scheduled based on arrival and burst time to optimize system
performance.

The second part (ChatGPT-based activity details):
e Problem details (Analysis and Evaluation):

v" Students are required to analyze the characteristics and behavior of the SJF scheduling
algorithm and evaluate how SJF minimizes waiting times, maximizes throughput, and
optimizes system performance compared to other algorithms.

e DPotential questions for ChatGPT:

v We have two processes (A and B) arriving at different times with varying burst times (A
arriving at 0 with burst time 4, B arriving at 0 with burst time 3). How can I schedule
these processes using the SJF algorithm and calculate the average waiting time and aver-
age turnaround time?

Give me a CPU scheduling problem as an example, with 2 processes only.

Give me a CPU scheduling problem as an example, with 2 processes and different arri-
val and burst times.

Give me an unstraightforward example of the SJF algorithm, with ...

Summarize the latest given solution.

Summarize the solution for the specified step, i.e., calculated waiting of process p2.
Explain why p is executed after p2 completes.

What changes are required for the last example to let p2 execute before pl and after p3?
Can I have the answer with more visual data?

AN

AN N N NN

APPENDIX B: AN EXAMPLE OF A CHATGPT INTERACTION
SESSION RELATED TO THE SJF PROBLEM

One of the students communicating with the ChatGPT shows questions posted and responses gener-
ated while performing the following tasks:

Request a step-by-step solution for a given problem to build a new understanding.
Request additional straightforward SJF examples to enhance the new understanding.
Request additional advanced (unstraightforward) examples to support and improve HOT.
Request advanced explanation to perform self-evaluation.

Request further explanation that supports HOT.

Request further precise explanations that improve HOT.

Request advanced HOT examples with specific requirements to enhance critical thinking,.
Further request to enhance the HOT understanding.

Al ol e
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Task 1: Request a step-by-step solution for a given problem to build a new understanding.

We have two processes (A and B) arriving at different times with varying burst times (A arriving at 0
with burst time 4, B arriving at 0 with burst time 3). How can I schedule these processes using the
SJF algorithm and calculate the average waiting time and average turnaround time?

We hawve two processes (& and B) arriving at different times with
varying burst times (A arriving at O with burst time 4 B arriving at O
with burst time 33, How | can schedule these processes using the SIF
algorithrm and calculate the average waiting time and average
turnaround time.

Let's solve this CPU scheduling problem using the Shortest Job First (SJF) algaorithm. Since both
processes arrive at the same time (time ), the process with the shorter burst time will be
scheduled first.

Problem Statement

We have two processes with the following arrival tirmes and burst times:

Frocess Arrival Time Burst Time
o o E]
B ] 3

Steps to Solve Using SJF Algorithm
1. Initialization:

e Currenttime = O

Task 2: Request a new straightforward example of the SJF algorithm to enhance the new under-
standing.

20

give me cpu scheduling problem as an example

Sure! Here's a CPU scheduling problem example for you to salve using the Shaortest lob MHNext
(51D Shortest Job First (S1F) algaorithm:

Problem Statement

wou hawve four processes arriving at different times with wvarying burst times. ¥our task is to

schedule these processes using the SIMSSIF algorithm and calculate the average waiting time and
average turnaround time.

Processes
Process Arriwal Time Eurst Time
P a ]
Pz 1 E
P 2 a
P 3 5

Steps to Solve

1.

) ; . . ;
List all processes along with their arriva:r umes and burst times.
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Task 3: Request advanced examples to support and improve HOT.

Sive me an unstraightforward example of the SIF algorithm, with 2
process anly

L= Certainly! Let's consider an example with three processes arriving at different times with wvarying
burst times. This will demonstrate how the Shortest lob First (S1F) algorithm handles processes
that arrive at different times.

Problem Statement

We hawve three processes with the following arrival times and burst tirmes:

Frocess Arrival Time Burst Time
P1 (] =]
P2 1 4
P3 2 a

Steps to Solve Using SJF Algorithm
1. Initializatior:

- Current tirme = O

= Walting time and turnaround time f0|¢a|| processes = O

Task 4: Request advanced explanation to perform self-evaluation.
summrize the solution

L= Summary of the SJF Scheduling Example

Sivern Processes

Frocess Arrival Time Burst Time
P1 o =}

P2 1 4

P3 2

Scheduling Steps
1. At time O:

= Ol P1 has arrived. Schedule P1.
2. From time 0 to 8:

= P1is executing.
3. At time 8:

= P11 completes, P2 and P3 hawve arrived.

- P2 has the shorter burst time (@), so . vedule P2,
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Task 5: Request further explanation that supports HOT.

surmimarize the solution for Calculated Waiting and Turnaround
Time of P3

B Calculated Waiting and Turnaround Time for P23
Details
= Arrival Time: 2
*=  Burst Time: 9
Scheduling Steps Involwing P3

1. P32 arrives at time 2 but starts execution only after P2 completes.

2, P2 completes at time 12, so P23 starts at time 12,
Calculation

=  Waiting Time for P3:
e  Waiting Time = Start Time of P3 - Arrival Time of P3

e Waiting Tirme = 12 - 2 = 10
-1

= Turnaround Time for P3:

Task 6: Request further precise explanation that improves HOT.

explain why p3 starts execution after P2 completes

L] In the Shortest Job First (SIF) scheduling algorithm, the process with the shortest burst time
among the awvailable (arrived) processes is selected for execution next. Here's a detailed

explanation of why P3 starts execution after P2 completes in this example:

Given Processes

Frocess Arrival Time Eurst Time
P1 o E=]
[=5] 1 E}
=] 2 o

Sscheduling Steps and Explanation
1. At time O:

= Processes Awvailable: P1
s Selected Process: P1 (since it is the only process available)

- Execution: P1 starts and runs from time O to 8.

. L
2. At time 8:
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Task 7: Request advanced HOT example to enhance critical thinking.

what changes are required 1n such an example to let P2 execute
before p2 and after P1

& To ensure that P2 executes after P1 and before P2 in the given SIF scheduling example, we need
to adjust the arrival times and possibly the burst times of the processes. Here's how we can

modify the example:

Modified Example

Let's adjust the arrival tirmes and burst times of the processes:

Process Arrival Time EBurst Time

P1 o =]

P3 1 4

P2 2 a
Explanation

MNow, let's go through the scheduling steps with these modified arrival times:
1. At time O

® Processes Available: P1 NB

Task 8: Further request to enhance the HOT understanding.

can | hawve such an answer with more visual data

& Certainly! Let's visualize the modified example where P2 executes after P1 and before P2 in the
S1F scheduling algorithm. We'll use a Gantt chart to illustrate the scheduling timeline,

mModified Example Details

Process Arrival Time Eurst Time
F1 o =]
F3 1 E
P2 2 =]

Gantt Chart Visualization

P [ 1L LLLLLEDEEEEEE R EEEErEErer e e e e e e e e e e e e e e e e b e e e e e re et

| It | LLLLLODIEEEEEEEEEEEEErE e e et e e e e e e e e e e e e e e e e e e el
| | sttt | LT ee e er ety
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