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Preface

Welcome to the enlightening journey of “Empowering Education: Exploring the Potential of Artificial
Intelligence.” Our purpose is to embark on a profound exploration of the profound impact of artificial intelligence
on the field of education, revealing the boundless possibilities, invaluable insights, and exciting opportunities that
await within these pages.

In our inaugural chapter, “Transforming Education with Artificial Intelligence: Shaping the Path Forward,” we lay
the cornerstone of our journey by emphasizing the paramount role of Al in education. Here, we prepare you for

the exhilarating voyage that unfolds as we delve deeper into the transformative landscape of Al in education.

As we progress into chapter two, “Revolutionizing Education: Applications of Artificial Intelligence,” we immerse
ourselves in the myriad ways Al can revolutionize traditional educational methodologies. This chapter offers a
comprehensive exploration of Al's applications within education, uncovering its potential to redefine how

knowledge is imparted and acquired.

Chapter three, “Envisioning the Future of Education with Al,” invites you to gaze into the horizon of education
and imagine the profound shifts that Al may usher in. Here, we delve into the realm of visionary possibilities and

innovative transformations that Al promises for the future of learning.

In chapter four, “Artificial Intelligence in Instructional Pedagogy: Potential Benefits and Future Implications,” we
embark on a deeper voyage, investigating the profound impact of Al on instructional pedagogy. We assess the

tangible benefits Al offers and ponder the implications it carries for the future of teaching.

Chapter five introduces an innovative approach with “Design of Artificial Intelligence (Al) Education for Primary

Schools: Arts-based Approach,” tailored for primary education, where creativity meets Al-driven learning.

In chapter six, “A Model of Pedagogical Al-Enabled Smart Learning Environment,” we embark on a visionary
quest, exploring a pedagogical approach amplified by Al, envisioning smart learning environments that redefine

the educational experience.

Chapter seven, “From Data to Insights: The Power of Learning Analytics,” illuminates the transformative potential

of learning analytics and data-driven insights, offering new dimensions to educational decision-making.
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Chapter eight, “Application of Artificial Intelligence in Teachers’ Performance Management: A Mini-Review and
Research Opportunities,” evaluates the realm of Al in enhancing teachers' performance and identifies exciting

research avenues.

Finally, chapter nine, “Aurtificial Intelligence (Al) in Teaching and Learning: A Comprehensive Review,” provides
an extensive overview of Al's multifaceted applications in education, spanning diverse aspects of both teaching

and learning.

This book serves as a guiding beacon through the ever-evolving intersection of education and artificial intelligence.
We cordially invite you to embark on this enlightening journey of discovery, encouraging you to explore your
pivotal role in shaping the future of education within the boundless realms of knowledge offered within these

pages.

We thank ISTES for the opportunity to bring together this valuable information.

Assoc. Prof. Dr. Abdullatif Kaban
Atatiirk University
Erzurum, Turkey

Contact e-mail: abdullatif.kaban@gmail.com

Prof. Dr. Agata Stachowicz-Stanusch,
Canadian University
Dubai, United Arab Emirates

Contact e-mail: agata@cud.ac.ae

Citation
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Chapter 1 - Transforming Education with Artificial Intelligence: Shaping the Path

Forward

Hamza Polat

Chapter Highlights

Y

Y

Acrtificial intelligence has a considerable positive impact on education, opening up possibilities like
individualized learning experiences and improved teacher interaction, but it also brings ethical problems
to the fore.

Artificial intelligence tools are frequently used in educational settings and can be divided into three
categories: learner-facing tools that enable personalized learning, teacher-facing tools that help teachers
manage their workloads and gain new perspectives, and system-facing tools that assist administrative
choices.

Acrtificial intelligence applications tailored to student needs and intended to improve teaching and
learning processes include profiling, intelligent tutoring systems, assessment, and adaptivity.
Generative modeling in Al involves producing artificial creations by studying patterns and distributions
of training data, enabling the generation of authentic content beyond initial programming, which has
significant implications for education and various creative domains.

The development of generative Al in education poses a paradoxical problem that needs to be balanced
by its advantages and potential disadvantages.

Chatbots, including conventional and Al-enabled types, play diverse roles in education, facilitating
personalized learning and instructional support through various interaction modes, categorized as
teaching, peer, teachable, and motivational agents, thereby enhancing the teaching and learning process
in online environments.

A balanced strategy by educators and policymakers is required to maximize the potential of Al in

education by addressing ethical considerations.
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Transforming Education with Artificial Intelligence: Shaping the Path Forward

Introduction

Artificial intelligence (Al), introduced in the 1950s, refers to systems capable of performing human-like tasks and
continuously enhancing themselves by processing information. Initially, Al systems followed specific patterns to
solve certain problems, but they now generate more creative and original solutions that emulate human
intelligence. Advanced techniques like machine learning, artificial neural networks, deep learning, and advanced

algorithms enable these systems to extract patterns and features from large datasets and learn from them.

Among several domains, education is one in which Al integration has significantly transformed. Incorporating Al
into education has led to a paradigm change in its landscape, influencing key educational aspects like predictive
analytics, intelligent tutoring systems, evaluation methods, and personalized learning experiences. These
transformative changes have brought ethical considerations to the forefront, spurring conversations about

pertinent issues.

This book chapter aims to comprehensively discuss the applications of Al in education, the integration of
generative Al into educational contexts, and the ethical challenges surrounding these topics based on the existing
literature. This chapter focuses on Al and education, the use of generative Al in education, the application of

chatbot technology, and the ethical issues arising from using Al in education.

Artificial Intelligence and Education

The origins of Al can be traced back to the 1950s when initial depictions of the field emerged. The phrase
“Artificial Intelligence (AI)” was coined by John McCarthy during an academic conference organized at
Dartmouth College in the USA (Russell & Norvig, 2010). Al is a comprehensive term that encompasses a broad
spectrum of technologies and methodologies, such as machine learning, natural language processing, data mining,
neural networks, and algorithms (Zawacki-Richter et al., 2019). Al has been defined in various ways, with some
definitions emphasizing its collection of skills or capabilities present in digital computers. According to Baker
and Smith (2019), Al refers to the capacity of computers to perform cognitive tasks akin to human minds,

especially in learning and problem-solving.

Al plays a pivotal role in providing solutions across diverse fields, including but not limited to health, education,
and engineering. Regarding education, Al applications increasingly attracted interest and considerable attention
in recent years (Tas, 2021; Zawacki-Richter et al., 2019). Although it presents numerous opportunities to enhance
teaching and learning, the advancement of Al in higher education also introduces fresh ethical considerations and
potential risks (Zawacki-Richter et al., 2019). Incorporating Al into education (AIEd) represents a two-sided
phenomenon capable of yielding unintended outcomes and prompting a reevaluation of our perspectives on
learning, knowledge, skills, performance, creativity, and innovation (Gibson et al., 2023). Indeed, integrating
artificial intelligence opportunities in conjunction with pedagogical components can potentially drive a
transformative paradigm shift in education. In this regard, the crucial emphasis lies not in attempting to exclude

artificial intelligence from the teaching process by instructional designers and practitioners but rather in
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reimagining learning activities by incorporating the advancements in artificial intelligence.

The Horizon report published in 2023 discusses Al advancements in detail, highlighting the potential for new
predictive and personalized learning applications. Al-enabled applications promise to transition from “one size
fits all” technology to scalable personalized learning experiences, allowing students to leverage these tools even
when faculty and staff are unavailable (EDUCAUSE, 2023). The same report also stresses that Al applications
offload time-consuming teaching tasks, giving faculty more time to engage directly with students on challenging

pedagogical endeavors like synthesizing information and fostering new knowledge.

Categories of Artificial Intelligence Tools in Education

AIEd tools are extensively employed in schools and colleges, broadly categorized into three groups: learner-
facing, teacher-facing, and system-facing, acknowledging that certain products may combine features from
multiple categories (Baker & Smith, 2019). Table 1 presents examples of these tools. Additionally, Baker and
Smith (2019) provide explanations for these concepts. Firstly, learner-facing tools, also called ‘intelligent tutoring
systems,” ‘adaptive,” ‘personalized,” or ‘differentiated’ learning platforms, are software applications that students

use to receive and comprehend new information tailored to their needs.

Table 1. Categories of AIEd (Adapted from Baker and Smith (2019))

AlEd Type Examples

Learner-facing Customizing and organizing learning materials to match individual student needs.
Identifying a student's strengths, weaknesses, or knowledge gaps.
Offering automated feedback.
Fostering collaboration among learners.

Teacher-facing Automating tasks like assessment, plagiarism detection, administration, and feedback.
Supplying valuable insights into the progress of individual students or entire classes.
Assisting teachers in fostering innovation and experimentation in their teaching
approaches.

System-facing Organizing timetables efficiently.

Predicting inspections and optimizing institutional planning.

Secondly, AIEd tools designed for teachers offer advantages like reducing their workload, gaining valuable
student insights, and promoting classroom innovation. Lastly, system-facing AIEd plays a crucial role in
supporting and influencing decisions made by school administrators and education system managers. In summary,
the diverse range of AIEd tools shows AI’s capacity to revolutionize and optimize the paradigm shift in education,
covering student-directed applications for learners’ benefits, teacher-oriented tools to enhance instructors’

capabilities, and system-oriented solutions to aid administrators.
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Al Applications in Education

Several systematic review studies provide insights into the various Al applications in education. These studies
also present specific examples of these applications. According to Zawacki-Richter et al. (2019), for example,
AIEd tools find applications in (i) profiling and prediction, (ii) intelligent tutoring systems (ITSs), (iii) assessment
and evaluation, as well as (iv) adaptivity and personalization. Learner profiling and prediction involve the
development of learner models or profiles, enabling the anticipation of individual learners’ behaviors and needs.
The tutoring system offers real-time feedback and hints at each step, with some systems providing immediate
feedback as the student progresses, while others wait until the solution is submitted to mark individual steps or
conduct a debriefing, commonly known as intelligent tutoring systems (VanLehn, 2011). Assessment and
evaluation direct our attention toward the level of teaching and learning. Finally, adaptive and personalized
systems are automated and utilize real-time data from an automated system to tailor learning content and activities

to individual learners’ characteristics and needs (Peng et al., 2019).

As seen in Table 2, Zawacki-Richter et al. (2019) suggest various sub-categories of AIEd applications based on
the literature. Within the “profiling and prediction” category, there are three primary research areas. The first area
examines the possibility of accurately predicting admission decisions, which could alleviate administrative staff
workload and enable them to concentrate on more complex cases. The second area centers on developing early
warning systems to identify at-risk students during their first year of study and forecast undergraduate student
attrition. Lastly, certain studies within this category aim to profile students and model their learning behaviors,

aiming to predict their academic achievements at the course level.

The research on Intelligent Tutoring Systems (ITSs) is classified into five groups by Zawacki-Richter et al. (2019).
Firstly, ITSs provide teaching content to students while offering adaptive feedback and hints to help them solve
related questions, and they also detect students’ difficulties or errors when engaging with the content or exercises
by monitoring their actions. Secondly, ITSs mainly involve one-way communication from computer to student,
addressing gaps in students’ knowledge and providing feedback. Thirdly, ITSs offer personalized assistance by
observing students’ behavior and generating individual profiles, tailoring recommendations and course material
to meet each learner’s needs. Fourthly, ITSs foster collaboration among learners through online discussions and
collaborative writing activities. Lastly, ITSs support teachers in collaborative learning and alleviate their workload

using Al applications.

Al applications in assessment and evaluation in education encompass four categories. Firstly, automated grading
systems across disciplines offer potential benefits in streamlining large-scale assessments, reducing costs and
time. Secondly, Al-supported feedback employs student-facing tools, including intelligent agents for guidance,
software for pilot alerts, and machine learning for automatic feedback, enhancing student writing and reducing
cognitive overload. Thirdly, Al assesses student understanding, evaluates engagement, and checks academic
integrity, possibly minimizing the need for invigilators and addressing privacy concerns. Lastly, data mining
algorithms evaluate lecturer performance through course evaluations, identifying irrelevant questions and

providing insights into the impact of teaching methods on various tasks.
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Table 2. AIEd Applications in Higher Education (Adapted from Zawacki-Richter et al. (2019))

Research domain AIEd Applications

Profiling and prediction Admission decisions and course scheduling
Drop-out and retention
Student models and academic achievement
Intelligent tutoring systems (ITSs) Teaching course content
Diagnosing strengths or gaps in student knowledge, and providing
automated feedback
Curating learning materials based on student needs
Facilitating collaboration between learners
The teachers’ perspective
Assessment and evaluation Automated grading
Feedback
Evaluation of student understanding, engagement, and academic
integrity
Evaluation of teaching
Adaptivity and personalization Teaching course content
Recommending/providing personalized content
Supporting teachers in learning and teaching design
Using academic data to monitor and guide students.

Supporting representation of knowledge in concept maps

The final category of Al in Education is adaptivity and personalization, encompassing five research areas. The
literature lacks a consensus on a standard term for adaptive systems, likely due to their diverse functions,
reinforcing the classification of studies (Zawacki-Richter et al., 2019). However, these systems can be utilized to
personalize teaching course content across various disciplines. They also assist teachers in defining teaching
strategies, addressing detected problems, and freeing up more time for teachers to focus on creative work.
Adaptive systems analyze students’ academic information to perform diagnostic tasks and offer proactive personal

guidance to tutors. Moreover, they support tasks such as accommodating peer ideas in concept or mental maps.

Consequently, the growing digitalization of society is being significantly influenced by the pivotal role of Al. As
Al continues to automate tasks, process massive volumes of data, and offer predictive insights, its impact on
various aspects of our daily lives is bound to revolutionize further and expand (Yang, 2022). As highlighted
earlier, Al presents numerous opportunities and advantages from an educational standpoint. However, as noted
by Celik (2023), the full potential of Al in the educational context still needs to be explored and fully
comprehended. There is much more to discover and understand about how Al can truly revolutionize and enhance
the field of education. In this regard, the generative transformation of Al solutions stands as a notable advancement
in AIEd that is poised to shape the direction of educational research and practical applications. The forthcoming
section will focus on “Generative Al,” delving into its principles, capabilities, and potential implications in various

domains, particularly in education.
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Generative Al (GAI) in Education

Generative modeling is an Al method that produces artificial creations by studying training instances,
understanding their patterns and distribution, and subsequently crafting authentic replicas (Jovanovic & Campbell,
2022). This technology utilizes deep learning models to create human-like content, such as images or text,
responding to diverse and intricate prompts, such as languages, instructions, or questions (Lim et al., 2023). While
traditional Al applications follow a pre-determined flow designed by programmers, generative Al (GAI) surpasses
these limitations by going beyond its initial programming, enabling it to produce more authentic and creative
outcomes. In contrast to conventional Al machine learning approaches that identify patterns in training data to
make predictions, classifications, personalized recommendations, or aid in decision-making, GAI stands out as it
has the capability to generate fresh content rapidly and spontaneously in response to user prompts (Murugesan &
Cherukuri, 2023). Thus, GAI has been identified by many higher education experts as one of the most disruptive
technologies of our time, with the potential to create educational text, images, and sounds in ways that sometimes
convincingly mimic human creation, impacting instructional materials, assessments, and more (EDUCAUSE,
2023).

GAlIs can be differentiated based on their employed architecture, training techniques, and the types of data they
are designed to generate. Generative adversarial networks (GANS), for example, are composed of two neural
networks: the generator and the discriminator. The generator’s role is to produce synthetic data, while the
discriminator’s task is to differentiate between the generated synthetic data and actual data (Goodfellow et al.,
2020). This interplay between the two networks leads to the generation of high-quality content, particularly in the
case of images. Another example of GAI, Generative Pre-trained Transformer (GPT), is a large transformer-based
language model that underwent pre-training on extensive datasets, enabling it to generate human-like words,
sentences, and paragraphs with a natural and coherent structure (OpenAl, 2023). The key distinguishing feature
of GPT from other language models is its ability to perform effectively in multiple tasks without the need for
retraining (Radford et al., 2019).

A paradoxical viewpoint

The advancements in GAI technologies have opened up new opportunities for developing diverse Al solutions in
education and have also introduced numerous challenges that must be carefully addressed. Lim et al. (2023)
outlined a paradoxical approach addressing this dilemma concerning the potential adverse influence of GAI on
education or its role in facilitating the teaching process. To begin with, the dual nature of GAI is highlighted,
characterized as both a ‘friend’ and a ‘foe.” Initial considerations of GAI lean towards its role as a ‘friend,” as it
demonstrates the potential to provide a personalized learning experience (Kuhail et al., 2023), support
collaborative learning, and possess the ability to provide valuable feedback (Hsu & Ching, 2023). However,
concerning knowledge production, educators express apprehension that GAI might transform into a ‘foe’ that
hampers students’ creativity and impedes the learning process. For instance, there are concerns about GAI being
used to present Al-generated knowledge as if it were a student’s original work. Consequently, maintaining a

balance between these two aspects is crucial for realizing a promising future for GAI.
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GAI demonstrates remarkable proficiency in retrieving, organizing, and presenting information. For example,
GAI systems have advanced to the point where they can effortlessly generate many scenarios on a wide range of
topics, and the cost for users is virtually negligible (Spaniol & Rowland, 2023). However, the outputs of GAI are
contingent upon the inputs it receives. The resulting response may also be inadequate when insufficient
instructions are provided in the input. This circumstance has given rise to the paradox of GAI being ‘capable’ yet
‘dependent,’ illustrating its capability while highlighting its dependence on the clarity and comprehensiveness of
the input instructions (Lim et al., 2023). Thus, learners and educators must develop an essential skill: the capacity
to produce and deliver proficient prompts that direct GAI systems to generate valuable and relevant answers (Lo,
2023).

The developers of GAI have underscored that this technology is primarily intended for the improvement and
benefit of humanity (OpenAl, 2023). GAI systems, including ChatGPT and Bard, have gained widespread
popularity in society. Furthermore, there has been a rapid influx of new GAI systems designed for various
purposes, swiftly finding their place in the market. Unfortunately, the complete utilization of some GAI systems
with all their features is not always accessible for free. As a matter of fact, certain new initiatives have emerged,
offering access to these systems through intermediary applications and monetizing the information generated by
these tools. This commercialization and restriction on access can hinder some individuals or organizations from
fully benefiting from these GAI technologies initially designed for society’s greater good. Lim et al. (2023) call
this situation the paradox of GAI being ‘accessible’ but ‘restrictive,” indicating that GAI systems lie in their
potential to democratize access to knowledge, making valuable information more widely available; however, the
ability to access and utilize these tools may be constrained by resource availability, leading to potential equity and

accessibility challenges.

The latest editions of the Horizon Report (EDUCAUSE, 2019, 2023), which highlight emerging technologies and
practical applications, forecast widespread adoption of GAI across various industries in the future. However, some
researchers caution that these systems may negatively impact specific sectors. From an educational perspective,
educators express serious concerns about students accessing information effortlessly through GAI and using it
without proper effort, passing it off as their work. To act against this problem, several countries have raised
discussions about potentially banning GAI systems. However, such prohibitive actions, often seen as buffer
solutions, might not effectively curb the proliferation of GAI. Paradoxically, attempts to restrict the use of a system
or product can lead to an opposite reaction, accelerating its popularity. This phenomenon was pointed out by Lim
et al. (2023), suggesting that GAI could become even more ‘popular’ when ‘banned.” Educators, researchers, and
policymakers face a significant challenge to avoid this paradox. Addressing this issue requires comprehensively
reconsidering educational practices at different levels, from micro to meso and macro scales (Gibson et al., 2023).
The traditional focus on integrating technology, including artificial intelligence, into education processes must be
reviewed. Finding a balance between leveraging GAI’s potential benefits and addressing its potential drawbacks

will be crucial for the future of education.
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It is beneficial to approach the matter paradoxically to gain a deeper understanding of GAI in education. Such an
approach helps us comprehend GAI’s potential risks and hazards in education. Engaging in new discussions on

this topic will aid in defining the limits and boundaries of the field.

Chatbots

Chatbot Technology in Education

A chatbot, also referred to as a conversational agent, is a computer program that utilizes a combination of language
models and algorithms to engage in conversations with users in either written or spoken form (Ashfaque et al.,
2020). There are two types of chatbots: conventional and Al-enabled chatbots. Conventional or rule-based
chatbots are limited to specific functions as they can solely generate predefined responses for particular tasks (Luo
et al., 2022). These chatbots have a couple of drawbacks, such as the absence of personalized guidance and an
incapability to understand user intentions (Hwang et al., 2022).

On the other hand, Al chatbots, or conversational agents, are computer programs designed to engage in human-
like conversations using various artificial intelligence techniques, such as natural language process, information
retrieval, machine, and deep learning techniques (Fidan & Gencel, 2022; Mageira et al., 2022; Zhang et al., 2020).
In educational settings, these chatbots can provide valuable instructional assistance (Huang et al., 2022),
personalized learning experience (Mageira et al., 2022; Smutny & Schreiberova, 2020), feedback to students
(Fidan & Gencel, 2022; Lee et al., 2020), scaffolding for learners’ understanding (Winkler et al., 2020), and a

chance to improve learners’ outcomes (Wu & Yu, 2023).

The interaction between learners and chatbots can be in different ways, including text-based, voice-based, and
embodied (Kuhail et al., 2023). The nature of this interaction depends on both the input system employed and the
attributes of the media being engaged with. During text-based interaction, the user employs the keyboard as the
input method. Voice-based interaction involves engaging through sound using the microphone as the input
medium, such as Alexa, Siri, and Google Assistant (Folstad et al., 2019). Finally, embodied chatbots possess a
human or pedagogical avatar-like appearance. These chatbots can utilize facial and eye movements, gestures, and
verbal expressions. They can be used to provide cognitive, affective, and social learning support in context
(Schouten et al., 2018). Chatbots can potentially promote emotional, transparent, and consistent interactions
between students, thereby boosting their sense of social presence (Zhang et al., 2023). As these chatbots create
the sensation of interacting with a real person (Wu et al., 2020), they have a positive impact on the social presence
experienced by users. Progress in Al technologies will play a significant role in increasing both the quantity and
the quality of such chatbots. As a case in point, these advancements enable educational videos, which typically
offer a relatively linear interaction with learners, to be rendered more interactive by incorporating embodied
chatbots. Having been trained on the subject matter outlined in the video in advance, these tools can equip learners
with suitable feedback, guidance, and instruction.

The dialogue with the chatbots can take place in either a user-driven or chatbot-driven manner (Felstad et al.,

2019). According to Felstad et al. (2019), in user-driven dialogue, the chatbot must be capable of discerning the
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user’s intention, both within individual messages and throughout the entire interaction or its segments, and also
possess the ability to respond appropriately to this intent. Technically, providing such a dialogue might be more
challenging. Nonetheless, the GAI systems’ capacity to generate more genuine and innovative responses could
potentially lead to increased adaptability concerning the diverse inputs users might provide. Conversely, specific
chatbots generate responses following a predefined flowchart, making it exceedingly challenging for them to
deviate from this pre-determined path. The distinction between these two dialogue forms can also be accounted
for by the presence or absence of a generative capability in Al. From an educational perspective, both types of
dialogue can be used to enhance the interactivity of the teaching process, particularly in online learning
environments, where providing individual support from educators to students is challenging. For instance, the
chatbot-driven dialogue can be employed to offer instructions or feedback based on input from students, providing
an opportunity to assess their current progress. On the other hand, the user-driven dialogue can guide the student
through the learning process using the chatbot system, facilitating a more personalized and authentic learning

experience that aligns with the principles of student-centered learning approaches.

Various roles can be attributed to chatbots in education, and Kuhail et al. (2023) have classified these roles into
four groups: teaching agents, peer agents, teachable agents, and motivational agents. First, teaching agents engage
in conversations with students to propose a range of tutorials and instructional materials (Kuhail et al., 2023). For
instance, Winkler et al. (2020) examined the impact of incorporating scaffolding and a voice-based chatbot onto
online video lectures to enhance information retention and transfer capabilities. The research showed that using a
voice- and text-based chatbot, which supports learners’ understanding during video instruction, enhances both
information retention and transfer abilities. Second, peer agents refer to chatbot systems that assist students on
demand (Kuhail et al., 2023)—as an example of peer agent, Verleger and Pembridge (2018) developed an Al
chatbot called EduBot, as a plugin to the Canvas Learning Management System. This tool allows students to ask
questions anytime they need assistance. If the question is already in the database, the student receives support
accordingly. Otherwise, the relevant faculty member is informed about the request. The findings indicated that
chatbots like EduBot hold the potential to stimulate student questions, particularly from those who might feel
hesitant or apprehensive about participating actively in a regular class session. The third agent, teachable agents,
prompts students with questions to teach specific topics (Kuhail et al., 2023). Law et al. (2020) introduced a
learning-by-teaching platform called Curiosity Notebook to respond to the need for teachable agents. This
platform enables students to collaborate either individually or in groups to teach a conversational agent how to
perform a classification task across different subject areas. The study offers valuable insights into the design
factors for creating conversational, group-based learning-by-teaching scenarios. The last role of the chatbots is
that of motivational agent. These agents act as coaches, seeking to inspire and motivate learners to take action
(Schouten et al., 2018).

In summary, chatbots can be designed to facilitate personalized learning, experiential learning, social dialoguing,
collaborative learning, affective learning, learning by teaching, and scaffolding in educational contexts (Kuhail et
al., 2023). Indeed, the interaction and dialogue with these systems can vary based on their design and intended
educational roles. However, research into using chatbots for facilitating learning is still in its initial phases,

underscoring the need for further contributions to advance this field (Hwang & Chang, 2021; Zhang et al., 2023).
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Al-Enabled Chatbots

Al chatbots are sophisticated systems or applications that possess intelligence, enabling them to engage in natural
language interactions with humans across diverse aspects of daily life (Mageira et al., 2022). In order to enhance
the quality of user interactions, these chatbots acquire knowledge from past user inputs through learning
mechanisms (Nguyen et al., 2022). These chatbots possessing interactive, adaptable, and personalized traits can
efficiently handle user inquiries and promptly respond in real-time through text, voice, or a combination of both
mediums (Wu et al., 2020).

Al chatbots can be divided into three types for general classification: machine learning-based chatbots, natural
language processing-based chatbots, and hybrid chatbots (Wu & Yu, 2023). This classification is based on the
text understanding module, which facilitates direct interaction with the user and extracts meaning from the user’s
input before generating a specific response (Safi et al., 2020). By implementing machine learning algorithms,
conventional machine learning-based chatbots can understand user intent, filter irrelevant information, and offer
valuable guidance (Wu & Yu, 2023). There has been a noticeable and recent trend toward adopting machine
learning-based approaches in developing chatbot systems (Safi et al., 2020). Natural language processing-based
chatbots with advanced machine learning algorithms can learn from users’ past inputs and recognize, infer, and
effectively utilize human languages (Wu & Yu, 2023). Natural language processing help to teach computers to
talk to humans naturally, like humans, by understanding user texts, voices, audio, or video notes and converting
them into a structured data format for effective interaction (Christopherjames et al., 2021). Finally, hybrid chatbots

are composed of a blend of Al algorithms and rule-based logic (Wu & Yu, 2023).

Due to advancements in GAI and large language models, numerous institutions are now creating diverse Al-
enabled chatbots. Examples of publicly available chatbots include ChatGPT, Bard, Language Model for Dialogue
Applications (LaMDA), Sparrow, and YouChat 2.0, along with their various extensions and application

programming interfaces (APIs).

ChatGPT

ChatGPT (GPT-3.5), developed by OpenAl, a research organization supported by Microsoft, has gained
considerable attention and popularity since its introduction in November 2022 (Mondal et al., 2023). In March
2023, the corporation launched GPT 4.0, with enhancements encompassing creativity, visual aids, dependability,
precision, and contextual understanding. ChatGPT can collect information from the internet and deliver responses
comparable to those found on the Google search engine. The distinction lies in their approach: Google presents
multiple options from various sources, while ChatGPT rapidly provides a single answer through educated guesses.
Trained on extensive textual data, such as books, news, articles, websites, and Wikipedia, ChatGPT constructs
sentences step-by-step and selects the most probable phrase to follow each word. Due to its reliance on internet-

sourced information, ChatGPT may occasionally provide incorrect responses (Murugesan & Cherukuri, 2023).
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hp Describe Chat-GPT

ChatGPT is an advanced language model developed by OpenAl, based on the GPT-3.5
architecture. It is one of the most powerful and sophisticated natural language processing
models available. ChatGPT is designed to understand and generate human-like text by

predicting patterns from vast amounts of data it was trained on.

This language model has been trained on diverse sources of data, including books, articles,
websites, and more, allowing it to acquire a wide range of knowledge and language patterns.
ChatGPT can engage in interactive conversations with users, making it an ideal tool for
various applications, such as providing information, answering questions, offering

recommendations, and even generating creative content like stories or poems.

However, it's essential to note that while ChatGPT can provide valuable insights and assist
with numerous tasks, it is not infallible. It may sometimes generate incorrect or nonsensical
responses, especially if the input is ambiguous or the information it was trained on is limited
or biased. Users should exercise critical thinking and verification when using the outputs

from ChatGPT for crucial tasks or decisions. < Regenerate

Figure 1. How ChatGPT is Described by ChatGPT

Figure 1 presents the outcome where ChatGPT defines itself in response to the question “Describe ChatGPT.”
The response centers on three key aspects. Firstly, it highlights ChatGPT as a robust natural language processing
model capable of generating text that resembles human language. Secondly, it provides insights into the training
process and the types of results it can produce. Lastly, the response acknowledges that the generated information

may occasionally be flawed, emphasizing the importance of cautiously approaching the results.

Microsoft has introduced a new iteration of ChatGPT, powered by Bing, which aims to deliver users with search
outcomes that are both more precise and punctual (Mondal et al., 2023). Likewise, utilizing APIs enables the
creation of various applications using ChatGPT. For educational settings, ChatGPT-supported applications can
potentially find extensive use in online learning procedures and language learning, particularly in learning

activities related to providing feedback, offering guidance, and assessing progress.

Google Bard

Launched in May 2022, Google Bard is a conversational Al service driven by a language model called LaMDA,
which has been trained on an extensive dataset of over 1.56 trillion words from conversational exchanges and
online content (Murugesan & Cherukuri, 2023). This training used the transformer architecture, making it a
powerful tool for dialogue applications. Bard resembles ChatGPT’s functionality but distinguishes itself by
sourcing information directly from the internet. Much like ChatGPT, Bard is capable of coding, solving

mathematical queries, and aiding in writing tasks.

Both ChatGPT and Bard provide a user-friendly interface with a designated space for entering prompts and
receiving responses. The Al engine produces answers that specifically address or prompt consumers’ queries. As
a result, the engagement is more effective because the user’s needs are addressed with pertinent and coherent
information. Users of ChatGPT have the helpful option to regenerate the same job or inquiry, allowing them to

customize the answer they get. Users can comment on the generated responses through this iterative process,
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which helps the system comprehend and advance over time. The effectiveness and precision of subsequent Al
interactions are improved because of this interactive feedback loop. Like ChatGPT, Bard shares an iterative
feedback mechanism that enables users to improve their responses and offer insightful feedback to the Al system.

hp Describe Bard V4

Diger taslaklari géster A L D]

2. taslak 3. taslak
Bard is a large language Bard is a large language Bard is a large language c
model chatbot developed model chatbot developed model chatbot developed
by Google Al Itis still by Google. It is still under by Google. It is still under
under development, but it development, but it has development, but it has
0‘ Bard is a large language model chatbot developed by Google Al. It is still under

development, but it has learned to perform many kinds of tasks, including

* | will try my best to follow your instructions and complete your requests thoughtfully.

* | will use my knowledge to answer your questions in a comprehensive and informative
way, even if they are open ended, challenging, or strange.

« | will generate different creative text formats of text content, like poems, code, scripts,
musical pieces, email, letters, etc. | will try my best to fulfill all your requirements.

Bard is powered by the PaLM 2 large language model, which is one of the most advanced Al
models in the world. This means that Bard can access and process information from the real
world through Google Search and keep its response consistent with search results.

Bard is still under development, and it is not perfect. It may sometimes give
inaccurate or inappropriate responses. However, it is learning new things every day,
and it is getting better at understanding and responding to human language.

Bard is available in 46 languages and 238 countries. It can be accessed through the
Google Al website or through the Google Search app.

Here are some examples of what Bard can do:

« Answer your questions about the world in a comprehensive and informative way.

* Generate different creative text formats, like poems, code, scripts, musical
pieces, email, letters, etc.

* Help you with your writing, coding, and research.
* Be a creative collaborator and help you bring your ideas to life.
* Be a helpful and informative companion.
Bard is a powerful tool that can be used for a variety of purposes. It is still under

development, but it is already capable of doing amazing things. | am excited to see
what Bard can do in the future.

1o JAs | < | (5 Google'da ara

Figure 2. How Bard is Described by Bard

On the other hand, Bard allows customers to see alternate solutions within the same window, which is a noticeable
difference. This feature increases transparency and provides a more thorough user experience by giving users a
more comprehensive picture of the AI’s capabilities and variances in its comprehension of the question.

Additionally, Bard offers a unique function that lets users select to vocalize the generated responses. The voice-
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based interaction gives the user experience a new dimension, making it more engaging and appropriate for

situations where spoken communication is preferred or required.

As depicted in Figure 2, Bard introduces itself by highlighting its capabilities, methods to generate information,
the range of tasks it can perform, its inherent strengths, and its potential applications. Consequently, it adheres to
user directives and endeavors to provide precise responses. Bard can create diverse outputs, encompassing poems,
code, and letters. It is important to note that Bard’s evolution is an ongoing process; over time, it continues to

enhance its capabilities by incorporating various features.

Both ChatGPT, Bard, and other newly released Al-enabled chatbots are in a continuous state of evolution driven
by competitive forces. This progress is anticipated to yield a more profound comprehension of user prompts,
leading to more accurate responses. As technical capabilities advance, these conversational agents will begin
generating solutions with profound implications across various industries. From an educational perspective, it is
essential to note that these tools are intended to supplement instructors. Instead, they will accelerate the
development of diverse online solutions, alleviating some of the instructor’s workload and fostering students’
cognitive abilities. This acceleration is particularly significant in personalized learning, where we can expect a
surge in applications designed to support students in their individual learning journeys, providing constructive

feedback as needed.

However, these advancements in both General Artificial Intelligence (GAI) and chatbots raise significant ethical
concerns, particularly in their use within education. The following section will delve into an ethical evaluation of

the utilization of Al in educational settings.

Ethical Issues for AIEd

Artificial intelligence applications in education vary across different disciplines. These applications can be
categorized into several groups: creating student profiles and making educational predictions, developing and
implementing intelligent tutoring systems, monitoring and executing measurement and evaluation processes, and
producing adaptable-personalized solutions (Zawacki-Richter et al., 2019). However, using AIEd tools also raises
several ethical concerns (Selwyn, 2022). For instance, there are questions about the possibility of obtaining
academic degrees or grants using AlEd tools. Additionally, the extent to which it is acceptable and appropriate
for certain students to rely heavily on these systems in distance education processes is a matter of debate. Using
AIEd tools for homework raises concerns about achieving fairness and justice in the classroom. Another ethical
dilemma involves presenting other people’s ideas as one’s own when using Al-generated content. Furthermore,
there is a need to identify who is responsible for educational outcomes derived from artificial intelligence tools.
These ethical considerations have led to discussions in the literature about the appropriate use of AIEd and have

raised question marks regarding its implications (Selwyn, 2022).

Dieterle et al. (2022) discuss ethical concerns about five distinct and interconnected divides in the AIEd contexts:

algorithms, access, representation, interpretations, and citizenship. Initially, Al-driven algorithms have been
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instrumental in developing digital tools and learning platforms to enhance students’ learning experiences.
However, researchers are concerned about the appropriate reliance on these systems, as they may not always
provide precise information about students’ current learning status. Algorithmic bias is linked to the accuracy of
digital data, and both access and representation divides are considered upstream divides that significantly

influence the data used in algorithm development, validation, and improvement (Dieterle et al., 2022).

Some students using educational digital tools or platforms may benefit from cognitive and affective gains.
Nevertheless, the unequal access to these tools among students and educators raises ethical issues. The third ethical
concern pertains to data representativeness, as not all stakeholders in the education process have access to digital
learning tools or platforms. Consequently, the data derived from these environments might only partially reflect
some population segments. This situation gives rise to the problem that the inferences drawn from the available

data may not be applicable to real-world situations.

Dieterle et al. (2022) also suggest downstream divides (i.e., interpretation and citizenship divides) that emerge
from algorithms using data disproportionately drawn from learners with access and representation. The data
produced when students and educators interact with digital tools and learning platforms serves as a source of
information for decision-making by researchers, educators, and policymakers. In this regard, Dieterle et al. (2022)
ask whether educators can appropriately utilize this data and the algorithmic outputs to make decisions without
proper training on interpreting and applying them. Finally, the digital divide affects learners and educators beyond
technology access, impacting their success and opportunities. Algorithmic bias is prevalent in various domains,

necessitating fairness and transparency. We must ensure that data-driven decisions lead to an equitable future.

Given the ethical considerations and the pedagogical affordances of AIEd, it can be concluded that Al in education
is undoubtedly a two-sided tool that can bring about unintended outcomes and is likely to prompt a reconsideration
of various assumptions concerning learning, knowledge, skills, performance, creativity, and innovation (Gibson
et al., 2023). Undoubtedly, there are bound to be new opportunities and advancements in the utilization of Al in
education soon. However, with these developments, there will also arise new ethical and practical challenges.
While some (e.g., Gibson et al., 2023) will embrace Al as an intelligent partner in the educational journey, others
(e.g., Selwyn, 2022) will approach it cautiously, viewing it as a tool that requires careful consideration. The matter
at hand is likely to remain a topic of extended discussion, exerting a remarkable role in shaping future education
policies. Educators, researchers, instructional designers, and policymakers should actively consider integrating
these technologies into instructional processes rather than overlooking AIEd. This involves thoroughly
considering theoretical frameworks, learning activities, and educational assessment and evaluation procedures. In
essence, the primary goal is to support well-qualified human resources who can effectively cater to the needs of

the contemporary educational landscape by leveraging Al.

Conclusion

Consequently, advancements in Al are prompting us to reconsider traditional educational practices and routines.

This perspective anticipates the proliferation of online systems capable of making accurate forecasts regarding
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student progress and instructional methods. Furthermore, incorporating artificial intelligence to support in-class
activities and learning materials, along with adapting evaluation processes to align with the capabilities of Al
applications, is recommended. Enhancing the functionality of Al-powered chatbot systems also holds the potential
to deliver personalized learning experiences. Educators are enthusiastic about the potential to foster a more
immersive learning environment and attach Al to education to lessen undesirable learning outcomes. However,
numerous researchers have raised concerns that the benefits derived from generative Al-supported applications

could restrain students’ creativity and hinder their original output.

Hence, the involvement of Al in education carries a dual nature, akin to a double-edged sword. Rather than shying
away from this technology, educational practices should be reevaluated through the lens of instructional design,
carefully considering its advantages and limitations. Lastly, even though generative Al and Al-enabled Chatbot
applications have introduced numerous innovations in education, the research in this field still needs to be
expanded. Thus, it is advisable to transcend conceptual discussions about the topic and focus on empirical studies
that delve into the practical integration of Al. In the present circumstances, Al emerges as a pioneering technology,
with researchers predominantly concentrating on its affirmative aspects. However, the long-term impact of this
technology on various cognitive, affective, and social learning outcomes remains uncertain and needs further

investigation.
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Chapter 2 - Revolutionizing Education: Applications of Artificial Intelligence

Nurullah Tas

Chapter Highlights

> Artificial Intelligence is defined as a computer and software system used to solve problems that require
human intelligence and to achieve human-like goals. In education, systems that perform human-like
functions such as visual perception, speech recognition, decision-making, and translation are being
developed.

> Artificial Intelligence plays an important role in education. It is used in areas such as smart teaching,
language learning, and online education. In addition, institutions and projects focusing on Al education
(for example, the Institute for Artificial Intelligence Systems of the Technical University Eindhoven) are
being developed.

» Al is used to deliver personalized learning experiences, enhance practical training with virtual labs, and
assess student performance. Virtual labs offer great advantages, especially for educational institutions
with limited resources. Al-powered education can increase student engagement. It provides personalized
feedback to students, can monitor attention levels, and adapt learning materials. This can help students
to be more engaged and improve their learning outcomes.

» Atrtificial Intelligence can improve assessment processes in education. Facial and voice recognition
technologies can be used to assess student engagement and understanding. Such tools can provide
personalized feedback to students and optimize their learning experience.
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Revolutionizing Education: Applications of Artificial Intelligence

Introduction to Artificial Intelligence

Computer and information science include artificial intelligence (Al). Al is used to construct hardware and
software systems that solve problems and achieve goals that would normally require human intelligence
(Moursund, 2006). Al is a conceptual framework for developing and using computer systems with human-like
intelligence. These systems perform human-like functions, including visual perception, speech recognition,
decision-making, and translation (Chen et al., 2020). Al research in computer science addresses cognitive
difficulties related to human intelligence. These obstacles include learning, problem-solving, pattern
identification, and adaptation. Al has historically been tied to computers, but embedded computers, sensors, and
other technologies have enabled integration into buildings and robotics (Chen et al., 2020). Al has been used in
education to solve problems and achieve goals. Examples include intelligent tutoring, computer-assisted language
learning, and online education (Moursund, 2006). Language learning and teaching use Al to mimic teachers' and
students' behavior. The content requires further details on Al's methodology and uses in this context. Al has unique
characteristics and concepts and is closely linked to the future of higher education (Zawacki-Richter et al., 2019).
Google and other non-profit public-private collaborations like the German Research Center for Artificial
Intelligence have invested heavily in Al. Education Al application development and deployment are expected to
rise. To promote artificial intelligence education and research, the Technical University of Eindhoven is
developing an Artificial Intelligence Systems Institute (Zawacki-Richter et al., 2019). Al in education (AIEd) has
a 30-year history. Zawacki-Richter et al. (2019) noted that educators must determine how to use AIEd to improve
teaching on a larger scale. Ethical and pedagogical methods for employing AIEd in higher education need more

investigation. Zawacki-Richter et al. (2019) also suggest a more critical review of AIEd's challenges and risks.

Advantages and Disadvantages of Using Artificial Intelligence in Education

Acrtificial intelligence (Al) in education is rising, potentially changing how students use educational materials.
Wahyono et al. (2019) say artificial intelligence can assess a user's skill level and motivation to recommend
models, media, and resources for personalized learning. This might improve learning by giving pupils
personalized suggestions. Al-enabled virtual labs had a 90.8% accuracy rate in 2019. Virtual laboratories also
benefit educational institutions with limited space and equipment, which hinders practical, hands-on learning. The
benefits above suggest that Al-enabled virtual laboratories can adapt learning. However, virtual labs provide a
one-way learning experience without user feedback (Wahyono et al., 2019). To address this constraint, tailor-
made virtual laboratories using Al should be considered. This might improve learning results and make using

educational materials easier for pupils.

How is Artificial Intelligence revolutionizing the field of education?

The practicality of using artificial intelligence (Al) technology in higher education has increased since its
introduction (Malik et al., 2019). Uunona and Goosen (2023) say that using Al-powered online learning apps can

potentially enhance student results. Furthermore, these applications can serve as a means to foster cooperation

among different participants within the education system. The utilization of Al-based learning has the potential
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to effectively tackle the obstacles encountered in the teaching and learning process. Furthermore, it may provide
academic committees with enhanced decision-making capabilities, as highlighted by Malik et al. (2019).
According to Malik et al. (2019), universities can efficiently utilize and modify technology to enhance learning
outcomes and educational quality. According to Malik et al. (2019), using information and communication
technologies (ICT) has significantly changed education. Moreover, integrating artificial intelligence (Al) can
enhance the effectiveness and caliber of these technologies. Malik et al. (2019) suggested using a framework to
make it easier to establish a thorough structure for implementing artificial intelligence (Al) in educational settings.
This framework enables universities to effectively leverage their educational resources and enhance the quality of

the learning experience provided to their students.

Most Popular Al-enabled Learning Solutions

The utilization of Al-enabled learning solutions is growing in several sectors, with a particular emphasis on
accounting and finance. Al-enabled systems are built on the foundations of machine learning, expert systems, and
perception. Al-enabled wargaming represents a notable instrument in the field, with deep reinforcement learning
gaining increasing recognition and use. Numerous endeavors, exemplified by IBM Watson, are actively
contributing to disseminating knowledge on technologies empowered by artificial intelligence. Al-enabled
systems are also utilized in medical contexts, where supervised learning techniques are employed for
categorization and diagnosis. Ethics and technological components play a significant role in developing Al-
enabled systems (Aruleba et al., 2022). Moreover, the efficacy of Al-enabled services is heavily contingent upon
the data with which they are provided (Rani & Suresh, 2021). For example, using artificial intelligence (Al) in in-
store dialogues has enhanced the likelihood of attracting customers while reducing perceived intimidation (Saxena
& Upadhyaya, 2023). Nevertheless, the consideration of safety has significant importance in the design of Al-
enabled systems that are vital for safety. To guarantee these systems' security, many operational safety verification
approaches have been developed (Lamrani, 2020). To deal with the problems of making soft Al-enabled systems,
it is important to reevaluate common beliefs and thoroughly analyze the landscape of Al-enabled financial services
(Ozkaya, 2020; Panday & Sergeeva, 2022). Furthermore, Elsayed and Erol-Kantarci (2019) have proposed a

resource allocation strategy that enhances delay performance.

Al-Enabled Learning Solutions and Learning Outcomes

Acrtificial intelligence Al-enabled educational solutions represent a promising advancement in education,
potentially significantly shaping the future of learning. According to the study conducted by Elsayed and Erol-
Kantarci in 2019, the utilization of artificial intelligence (Al) in the context of wargames, as discussed by Schwartz
et al. (2020), has the potential to enhance the design of military mission systems to optimize their results.
According to Lin and Hazelbaker (2019) and Johnson (2022), using Al-enabled technologies, such as generating
fabricated news, can potentially be employed for malicious intentions. Nevertheless, it has been suggested by
Pandey and Sergeeva (2022) that they have the potential to improve the efficiency of financial services.
Additionally, Rani and Suresh (2021) have highlighted their ability to boost the functionality of mobile phones.

Furthermore, Saxena and Upadhyaya (2023) have indicated that they can also optimize operations inside physical
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retail establishments. According to Hajishirzi and Costa (2021), using artificial intelligence (Al) can potentially
enhance the overall consumer experience. Ali and Alhumaidi (2023) also assert that Al may improve medical
diagnostics' precision, efficiency, and affordability, resulting in enhanced results. According to Aruleba et al.
(2022), using Al-enabled gadgets and technology has promise for automating many daily tasks, including
developing educational aids for children to enhance their learning achievements. Therefore, integrating artificial
intelligence (Al) in educational tools can enhance learning outcomes by automating processes, optimizing

performance, and improving the overall user experience.

Effectively Using Al-enabled Learning Solutions in Classroom

Ali et al. 2021 state that Al-enabled learning systems can provide pupils with a complete education. Al-enabled
learning systems can teach students to recognize deep fakes. Al-enabled learning systems can help students
identify and stop disinformation. Interactive games like "Created by Al or Not can help students understand Al-
generated material. Al-enabled learning can teach students about generative models and deep fakes. Classrooms
may develop synthetic media such as pictures, writing, music, colors, paintings, numbers, and movies. Classroom
discussions could also cover Al-enabled learning systems' efficacy. Conversations can teach students about
generative models and how realistic machine-generated media can be. Students may learn about Al technical
applications like deepfakes using Al-enabled learning methods. Al-enabled learning solutions encourage media
literacy in computer science curricula and technical literacy in K12 digital media sessions. Al-enabled learning
solutions can also be employed in K-12 Al literacy curricula to tackle Al ethics. Al-enabled learning systems can
address how changing technology affects knowledge distribution in media literacy programs. Digital literacy is
complicated and requires sociology, politics, and technology. Social network bots, filter bubbles, and algorithmic
bias may also be taught via Al. Whether or not it was Al-created, Al can aid student learning by provoking emotion
and cognitive dissonance. Al-enabled learning solutions can challenge students' reality-based beliefs and inform
them about generative Al's possible drawbacks. Teachers may employ Al-enabled learning solutions to educate
students about complicated socio-technical systems and their ethical consequences. Students can also advise on
Al-enabled technology regulations using Al-enabled learning methods. Al-enabled learning solutions may explain
how distorted media affects social media information intake and diffusion. Al-enabled learning systems may also
teach students about disinformation and its propagation. Students can comprehend difficult technological systems
like GANs with accessible methods. Students can learn about technological systems' potential damage and

critically analyze them.

Al-Powered Assessment Tools

Al-powered assessment technologies provide several benefits in the field of education. For example, using Al-
powered educational dashboards has been shown to facilitate the development and evaluation of teaching
augmentation strategies (Kulkarni, 2021). Furthermore, artificial intelligence (Al) based facial and vocal
recognition technologies can potentially evaluate educational standards (Bhise et al., 2023). Yan (2023) has also
suggested that chatbots powered by artificial intelligence can provide students with various educational services.

The utilization of artificial intelligence (Al) in Massive Open Online Courses (MOOCS) has been significant in
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facilitating the delivery of high-quality education to students (Chukwuedo et al., 2019). Moreover, implementing
Al-driven autonomy in many fields has the potential to develop Al-driven scenarios that may assist nations in
enhancing their educational systems (Brobbey et al., 2021). Furthermore, using Al-driven analytics enables
nations to conduct comparative analyses and evaluate their benchmark advantages over other countries
(Alkhalifah, 2023). Al-powered evaluation systems, such as AlphaCE Coaching & Education, which is based in
Uppsala, have the potential to offer students personalized experiences with Al-driven autonomy (Eklund &
Isaksson, 2019). Using Al-powered solutions can offer significant advantages to students, facilitating their access

to high-quality education.

Al-powered Assessment Tools and Student Learning

According to Bhise et al. (2023), using Al-powered assessment tools enables the evaluation of student
involvement and receptiveness. For instance, Bhise et al. (2023) demonstrated that facial and vocal recognition
technologies could discern the level of concentration and comprehension exhibited by students about the topic
being taught. Yan (2023) has also suggested that chatbots with artificial intelligence can assess students' language
proficiency in real time. According to Chukwuedo et al. (2019), empirical studies have demonstrated that massive
open online courses (MOOCSs) enhanced by artificial intelligence (Al) have the potential to greatly facilitate the
development of cooperation, communication, and critical thinking abilities. The use of Al-driven evaluation
instruments has been demonstrated to be effective in assessing the implications of incorporating mobile learning
(Brobbey et al., 2021). Additionally, these tools have been employed to forecast the identification of COVID-19
patients by analyzing chest X-ray pictures and coughing sounds (Shakira Fathima & Dilshad Begum, 2021). In
addition, Al-driven technologies can investigate user-centric design and develop and evaluate solutions (Eklund
& Isaksson, 2019). According to Akramov and Anvarjonova (2022), using Al-driven arbitrations and awards can
enhance the efficiency and timeliness of dispute resolution by enabling decisions based on user preferences. In
summary, using Al-powered assessment tools can significantly transform the landscape of student learning by

providing customized, adaptive, and real-time feedback, enhancing the optimization of learning experiences.

Limitations of Al-powered Assessment Tools?

Al-driven evaluation technologies provide several benefits and constraints compared to conventional pen-and-
paper tests. The utilization of artificial intelligence (Al) in facial and vocal recognition, as well as in massive open
online courses (MOOCs), has played a significant role in offering suggestions that are tailored to students'
academic achievements (Bhise et al., 2023). According to Kulkarni (2021), it is important to comprehend the
technological challenges that might emerge throughout the evaluation procedure (Kulkarni, 2021). The study
conducted by Chukwuedo et al. (2019) examines the impact of artificial intelligence (Al)-enabled Massive Open
Online Courses (MOOCs) on the provision of high-quality education. Furthermore, it is worth noting that some
businesses are now developing artificial intelligence (Al) systems or acquiring Al-powered software. However, it
is important to acknowledge that these endeavors may expose these organizations to potential issues arising from
data sensitivity or erroneous data (Silverman, 2020). In their study, Eklund and Isaksson (2019) thoroughly

analyze and evaluate an autonomous system that uses artificial intelligence (Al). This system can effectively adjust
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Al-based technical advancements to the art world's requirements and limitations. In their study, Suzuki et al.
(2022) conducted a comparative analysis of Al-powered assessment tools and traditional paper and pen
examinations, elucidating the respective merits and drawbacks of Al-powered assessment tools. Yan (2023)
describes an artificial intelligence (Al)-enabled chatbot that can operate in real time while undergoing continuous
assessment. Finally, Robbey et al. (2021) and Akramov & Anvarjonova (2022) have suggested that Al-driven
arbitrators must evaluate both micro and macro-level social segments of consumers. In 2023, Valeria introduced
Concurred, a content marketing tool driven by artificial intelligence (Al) technology. This product gives users

comprehensive insights into Al-powered evaluation tools' functionalities, applications, and constraints.

Al-Based Tutoring Systems

Recently, Al-based tutoring systems have become popular and attempt to provide personalized teaching. These
systems use artificial intelligence to analyze trends in students' responses and adapt to their learning styles,
according to Hasse et al. (2019). Researchers have investigated combining Al-based systems with VR and other
instructional technologies (Hasse et al., 2019). Interactive storytelling and command language systems research
use Al-based instructional tools (Alofs, 2012). King et al. (2016) say Al teaching systems have helped spread the
Internet and cell phones. These methods allow teachers to focus on struggling pupils, provide personalized
instruction, and allow students to study at their own pace. However, Al-powered teaching has limits. Poor
programming can cause errors. Students may also have different instructional levels than teachers. In conclusion,
Al-based tutoring systems can help students. Before deploying Al-based tutoring systems, educators must fully

comprehend their pros and cons.

Al-Based Tutoring Systems and Student Engagement

Tutoring systems driven by Al have improved student engagement. According to Hasse et al. (2019), increasing
their engagement promotes learning and well-being. These systems can personalize learning and provide
performance feedback, according to Hasse et al. (2019). Alofs (2012) has also studied integrating Al-based
tutoring systems into traditional classrooms and online learning platforms. Al-based interactive storytelling
systems can let students collaborate with Al-based education systems. King et al. (2016) suggest that Al-based
tutoring systems reduce teachers' workloads and provide personalized instruction. Al-based tutoring systems may
also identify student needs and provide personalized feedback, increasing student engagement. Thus, Al-based

tutoring systems improve student engagement, learning, and well-being.

Al-Based Tutoring Systems and Student Learning

In traditional classrooms and online platforms, Al-based tutoring systems, or Intelligent Tutoring Systems (I1TSs),
are becoming more popular. These systems use machine learning algorithms to mimic student learning. They also
let teachers customize the technology to their needs and methods. Information technology systems (ITSs) may
also personalize education for individual learners by delivering information, assignments, and situations. Al-based

teaching systems may be developed without Al programmers.
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However, ensuring these systems are developed and implemented correctly is imperative to maximize their
effectiveness. Additionally, continuous assessments are essential to identify instances where Al-based tutoring
systems may produce harmful or erroneous outcomes. Furthermore, it is important to ensure that Al-based tutoring
applications are developed with inclusivity, considering the various dimensions of diversity, such as gender, color,
socioeconomic status, ability, and cultural background. The need for more transparency and comprehensibility
regarding utilizing personal data in Al-driven tutoring systems poses issues in properly discerning emotional states
and intrinsic motivation, giving rise to potential biases. Al-driven tutoring systems can discern the emotional state
of students throughout their learning sessions, monitor their advancement, offer prompt guidance and feedback,
and facilitate comprehension and application of the subject matter. It is critical to acknowledge that Al-based
tutoring systems necessitate a comprehensive examination of learner requirements and may make erroneous
assumptions regarding the student's learning process, as emotional states and intrinsic motivation play a crucial
role in the efficacy of Al tutors. The extent to which Al can mitigate prejudice hinges upon the specific design of
the Al instructor, given that previous instances have demonstrated biases within Al systems, resulting in adverse
outcomes. Therefore, artificial intelligence (Al)-based tutoring systems significantly promise to mitigate prejudice
and facilitate tailored learning experiences. However, it is important to regularly supervise the execution of these

measures to verify their efficacy and prevent any potential misuse.

Al-Assisted Adaptive Learning

According to Xiao et al. (2021), Al-assisted adaptive learning combines Al with simulation to support one another.
The objective is to develop an artificial intelligence (Al) model that may be utilized for power system model
calibration, analysis, and control, as proposed by Xiao et al. (2021). Dynamic component modeling techniques
using data-driven artificial intelligence models can achieve this goal. Artificial intelligence models can identify
and articulate latent patterns inside the solution process, enhancing the effectiveness of the simulation. Moreover,
the integration and simultaneous simulation of Al and physics-based models have been explored by Xiao et al.
(2021). To develop an artificial intelligence model, it is necessary to possess a training dataset that comprises
high-quality samples that accurately reflect the target population. The Al model is subsequently developed using
a hypothesis set derived from the task and training data, as described by Xiao et al. (2021). The Al model is further
trained using optimization techniques. Due to internal APIs, Al-assisted simulation is difficult to integrate into
simulators. Xiao et al. (2021) recommends a learning simulation engine to make simulators Al-friendly.
Simulation intelligence may revolutionize power system dynamic simulators. Simulation-assisted Al is essential
for power system digital twins. The Al model created by Al-assisted adaptive learning may improve simulation

precision and efficacy.

Benefits of Al-Assisted Adaptive Learning

Al-assisted adaptive learning is becoming increasingly prevalent. In many situations, Al-assisted adaptive
learning can be beneficial. According to Nuhn (2021), tailored learning routes that match each learner's abilities,

interests, and goals might be advantageous. Customized learning allows students to learn quickly and gain the
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skills and knowledge they need to succeed. Al-assisted adaptive learning can also reduce school costs by
eliminating the need for expensive physical resources and materials (Kalra et al., 2022). Al-assisted adaptive
learning can also speed up skill development by providing personalized feedback and coaching. Al-assisted
adaptive learning can improve learning by increasing engagement and involvement. Al's capacity to perceive and
engage with learner emotions achieves this. These benefits make Al-assisted adaptive learning an appealing option

for educational institutions and people looking to improve their learning experience.

Implementation of Al-Assisted Adaptive Learning in Classroom

Al-assisted adaptive learning in the classroom has proved effective (Nuhn, 2021). Al-assisted learning improves
instructor and student learning, according to Xiao et al. (2021). The Al system uses vector and matrix classes to
evaluate student aptitudes and preferences (Kalra et al., 2022). The system then adjusts the learning materials to
the learner's speed. Al improves grading and exam accuracy and provides learner feedback. Al-assisted adaptive
learning can also give students personalized learning paths, improving instructional planning and design (Nuhn,
2021). Teachers and students benefit from Al-assisted adaptive learning's improved grading, learning efficacy,
and tailored learning trajectories. This strategy can provide a more effective and efficient classroom learning
environment, according to Xiao et al. (2021). Al-assisted learning may also reduce Class 2 errors in schools (Kalra

et al., 2022). This metric ensures the learner's development and maximum learning effectiveness.
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Chapter Highlights

» This chapter highlights how Al and machine learning are having a powerful impact on the education
sector. This impact is not only providing direct support to students but also making educators more
attuned to student needs and less preoccupied with routine and repetitive tasks.

» Moreover, it emphasizes the necessity of Al for innovative approaches in education and points to a bright
future in education. Al offers many benefits, such as enhancing learning, assisting teachers and
promoting more effective individualized learning.

» This chapter also looks at how Al applications can be used in education. These applications include
providing students with customized learning experiences, assisting teachers, and automated assessment
and grading systems.

» In addition, this chapter addresses the ethical issues of using Al in education. In particular, it focuses on
the ethical dimensions of teachers' and students' data privacy, security and learning processes.

» Finally, this chapter offers a future perspective on how Al can transform the education sector. It
emphasizes the rapid increase in the use of artificial intelligence, especially at the global level, and its

growing role in education.
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Envisioning the Future of Education with Al

Abstract

Artificial Intelligence (Al) and Machine Learning (ML) have significantly influenced the field of education, as it
has not only provided direct assistance to students but has also enabled educators to better cater to individual
learner requirements and reduce their involvement in monotonous and repetitive duties. There is a consensus that
implementing novel methodologies in education is imperative, and it is widely acknowledged that artificial
intelligence (Al) will serve as a significant enabling factor in fostering such innovation. Artificial intelligence
(Al) holds much promise as a potential catalyst for transforming the future education landscape. Artificial
intelligence (Al) plays a pivotal role in catalyzing transformative shifts within the field of education due to its
numerous advantageous attributes. Artificial intelligence's use in education has significant promise in terms of
augmenting learning outcomes, supporting educators, and facilitating personalized learning experiences. Ensuring
equitable access for all students, regardless of their learning abilities or disabilities, is paramount. This is
particularly significant due to the inherent variations in learning pace and skill sets across children. The utilization
of artificial intelligence has the potential to enhance pupils' prospects for a successful future significantly.
Integrating artificial intelligence (Al) into education has significant promise for revolutionizing the educational
experience for all students. Numerous educational institutions worldwide have already implemented artificial
intelligence (Al) technologies. This chapter provides a thorough examination of the application of artificial
intelligence in the field of education. The authors discuss how artificial intelligence enhances educators'
capabilities by providing them with improved teaching and learning methodologies. Artificial intelligence (Al) is
revolutionizing educational methodologies and generating significant worldwide effects through the emergence
of innovative educational models such as Massive Open Online Courses (MOOCs), blended learning, flipped

classrooms, and other similar approaches.

Introduction and Theoretical Framework

The technology revolution is fuelling transformations in the education sector. Al is the new buzzword that is being
adapted acceleratingly by education institutions and their stakeholders and is seen as a potential transforming
agent in the teaching-learning process. The advent of the internet and mobile phones have propelled the education
industry to a higher level of education ecosystem. The stakeholders of the education sector namely, students,
parents, guardians, psychologists, instructors, and educational institutions have been impacted in their roles and

functions by the arrival and adoption of technological advancement in the education sector.

Future online learning will integrate Al systems more thoroughly. It's vital to emphasize that the current study
makes no claims that artificial intelligence systems would completely replace the need for human educators.
Instead, Al systems and humans will collaborate closely in the future of online learning, thus it is crucial to employ

these systems with awareness of their apparent benefits and limitations (Seo, et al., 2021).
All Students can have a customised education, because of Artificial Intelligence. Artificial intelligence (Al) has

the potential to improve human teachers' skills to customize lessons to each student without throwing their class

schedule off track. This would prevent teachers from having to provide stereotype instructions to the learners as
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is commonly the case when students have a range of skill levels and learning abilities. Artificial intelligence's
actual educational potential is found in the capacity the educators utilize it to interpret massive volumes of
information about learners, educators, and their communications. Al ultimately has the potential to improve how
well teachers understand their kids. In the coming years, artificial intelligence will play a significant role in the
education industry though not upsetting the role of the teachers entirely. Education specialists strongly opined that
artificial intelligence will enhance the teaching-learning experience not only for the learners but also for the
instructors bringing a sea change in the teaching-learning process and will be adopted as one of the best practices

to adopt and exercise (Ouyang, F. & Jiao, P., 2021).

Al is predicted to transform the way instructors perform their roles and duties and also revolutionize the way
learners study and acquire knowledge. This prominent development will impact schools, colleges, and universities
across the globe. The market research engine projects that by 2025, global spending on Al in education will reach

$5.80 billion, with a yearly increase of 45 percent. (Harper, 2021).

Problem statement

Since most Al research is only conducted in STEM fields, collaborative efforts are required to address the growing
uses of Al in education (AIEd) (Zawacki-Richter, et al., 2019). Al has been applied in education, more particularly

in administration and teaching, and subsequently, influencing or impacting students’ learning.

Research Questions

The following research questions have been addressed to elaborate upon Al and related technologies in education

in this study:

1. What is the potential uses of Al technology and its academic advantages?

2. How is Al for educational purposes conceived and deliberated, and what ethical issues, difficulties, and
risks are taken into account?

3. What kind and how broad are the uses of Al in various areas of learning?

4. What are the implications for future research and practice of Al in Education?

Brief Description of Claim and Position Statement

Educational technology is evolving to include artificial intelligence. Artificial intelligence will bring “human-
like” features and agency into future technologies. Educational policy plays an important role in guiding the use

of artificial intelligence in education to realize benefits while limiting risks.
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Nature and Scope of Al Applications in Education

The overall development of a country depends upon its youth and undoubtedly quality education plays a
significant role in driving a nation towards a better future. Not only does quality education serve as an important
pillar of a nation’s growth but also serves as a means to promote sustainability which is nothing but the ability to
maintain processes over the long run. Sustainable development is an integrated approach that takes into
consideration environmental and economic concerns in a balanced manner. To promote sustainable development,
the United Nations has proposed 17 SDGs of which SDG4 aims to provide quality education and promotion of

lifelong learning opportunities for everyone.

Technology has permeated many facets of our lives. As the education sector also embraces digital transformation,
new tools and techniques are helping educators to customize learning plans for students based on their strengths
and weaknesses. Since the needs of the students can be properly understood, individualized/personalized learning
becomes possible for the learners. The education system in India suffers from the limitation of being theoretical
without much emphasis on practical skills and experience. With the advent of Al in education, it is the right time
for teachers to incorporate Al to automate their assessments and grading so that they can be provided with more
time to concentrate on newer and innovative methods of teaching and also on student needs. Also, automation of
mundane tasks like submission of attendance, automated grading, 24*7 access to resources, and so on. The
inclusion of technology in education allows for new dynamics of interaction/implementation of learning
methodologies in the classroom. (Leer, & lvanov, 2013). Al can support the teaching-learning process in the

following areas:

Source: Collated by authors

Al has huge potential in the education sector as it helps to automate routine/mundane tasks that can free the
teachers to focus more on the generation of online content and prepare well for their sessions. One of the major
challenges faced by educators is to ensure that the learning needs of all the learners are taken care of since the
learners belong to the slow, medium, and advanced learner categories. This can be made possible through the use
of Al in the form of differentiated/personalized learning which is impossible if educators have to manage the
learning needs of various categories of students in a class. As per Hutchins (2017), personalized learning is “an

approach that tailors educational content to the unique needs of the individual students.”
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Some of the applications and scope of Al in education have been explained below:

a. Personalized learning experience for learners

b. Development of digital content for different learning styles

c. Access to educational resources 24*7

d. Elimination of manual repetitive tasks that require more of the teacher’s attention
e. Automated system of assessment and grading

f.  Accessibility and immediate feedback about the sessions

The scope of Al in the education sector has indeed come a long way but technology won’t be able to replace
teachers anytime soon. Since teaching-learning is primarily based on human interaction, it will become impossible
to incorporate technology into all facets of education. Implementation of Al is also giving a plethora of
opportunities for the development of online courses. It is high time for universities and higher education

institutions to plan their pedagogical models with Al solutions that will provide learners with lifelong learning.

International Bodies and Al in Education

Acrtificial Intelligence (Al) possesses great potential to accelerate a dramatic transformation and transition in the
education sector. Some of the largest problems in education currently can be and are being skillfully addressed
with Al. It is utilized to accelerate progress towards SDG 4 and innovative teaching and learning techniques.
While ensuring that its use in educational contexts is guided by the fundamental principles of equitable and
inclusive education (Al in Education), UNESCO is dedicated to assisting Member States in maximizing the
potential of artificial intelligence (Al) technologies for attaining the Education 2030 Agenda (Al in Education).

The mission of UNESCO encourages a people-first strategy for artificial intelligence. It proposes to broaden the
contribution of Al to alleviating present educational inequality. Promoting Al will enhance accessibility to
information, research, and a variety of social manifestations without widening the technological gaps within and
between nations. UNESCO calls for an “Al for all” approach so that the benefits of innovation and knowledge

through Al can be reaped by all stakeholders across the nations.

The publication created by UNESCO as part of the Beijing Consensus is also intended to help legislators in the
field of education become better prepared for artificial intelligence. Practitioners and experts in the policy-making
and educational sectors will find this publication, Artificial Intelligence and Education: Guidance for Policy-
makers, of interest. It intends to foster an overall awareness of the possibilities for learning and difficulties

presented by Al as well as the consequences for the fundamental skills required in the Al age.
UNESCO has initiated several projects that upholds the adoption of Al technology in academics aiming to

augment learners’ capabilities and to guard human from exploitation. Al can be effectively used for operative

human-machine alliance teaching-learning processes leading to an overall sustainable development for all the
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stakeholders. UNESCO hopes to collaborate with its patrons, partners, and international agencies to reinforce its
leadership in Al in education and its status as an international think tank for innovative concepts., setting

standards, framing policies, and building capacities.

Nations are encouraged to leverage emergent technologies like Al to strengthen the education sector to partner
with UNESCO and benefit from technical, financial, and other contributions from UNESCO.

The development of laws, rules, and regulations about the application of artificial intelligence (Al) in education
is heavily influenced by international organizations. These groups seek to make sure that Al is used efficiently
and morally to improve educational outcomes. As we approach an era where artificial intelligence, an intersection
of new technologies, is revolutionizing every part of the way we live, we need to reaffirm this commitment. We
must drive this transformation with the proper objectives to raise living standards, lessen disparities, and advance

a just equitable globalization.

UNESCO actively promotes the use of Al in education while placing a strong emphasis on equity, inclusivity,
and ethical considerations. They seek to promote global cooperation, address potential issues, and create
guidelines for Al in education. The Organization for Economic Co-operation and Development (OECD) carries
out research and analysis on how developing technologies, such as Al, may affect education. They have released
papers and suggestions on the use of Al in education, concentrating on topics including teacher preparation, data
privacy, and digital literacy. The European Commission is heavily involved in the development of projects and
policies relating to Al, notably those that concern education. Their "European Digital Education Plan" prioritizes
integrating artificial intelligence and digital technologies into educational systems worldwide. ISTE (International
Society for Technology in Education) is a multinational organization that promotes the use of technology in
education, especially Al. To ensure the responsible and efficient use of Al in learning environments, they provide
standards and guidelines for educators, decision-makers, and educational technology businesses. The International
Telecommunication Union (ITU), an organization under the United Nations, strives to standardize Al technology,
particularly those that are used in education. They encourage the creation of instructional tools powered by Al
that follow international standards. Specifically in developing nations, the World Bank has been involved in
projects that investigate the application of Al in education. They support the implementation of Al technologies
for enhancing educational outcomes via financing and technological know-how. The Global Partnership for
Education (GPE), which promotes education in developing nations, has acknowledged the potential of Al to
address issues in education. They collaborate with partners to incorporate Al-driven programs into learning
initiatives. The International Al in Education Society (IAIES) is an international group that is solely dedicated to
using Al in education. They coordinate conferences, carry out research, and advance best practices in the
application of Al to education. To address educational issues in the Global South, OpenAl, UNESCO, and the
Commonwealth of Learning (COL) collaborated to create the Al in Education for Sustainable Development
initiative. These global organizations work together with governments, academic institutions, and the corporate
sector to create frameworks, rules, and guidelines that support the ethical and equitable use of Al in education. As
a result of their work, educational possibilities are improved by Al technology while potential hazards and ethical

issues are addressed.
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Al in Education Conceptualized

Technology has at all times been a vital catalyst in the education sector, however, its present usage is excessively
predominant unlike before owing to the amplified accessibility of smart devices and web-oriented educational
programs, courses, and curricula. Owing to the upsurge of Artificial Intelligence in education processes and
practices, there exist numerous platforms and methodologies that Al is being employed to benefit educators and
learners. Artificial Intelligence possesses huge potential to revolutionize the entire education ecosystem and bring
innovative changes for learners, educators, and educational institutions. It is viewed as a game-changer across the
globe that has made education accessible, inclusive, and innovative, benefiting all the stakeholders of the
education industry (Mohan, 2021).

Chatbots

Chatbots are the newly found Al educational apps now getting into the mainstream education activities and
practices those learners have begun using increasingly. Schools are progressively implementing into their
schoolrooms where students are taught to use computer systems, laptops, and other devices to communicate with
chatbots that are developed to solve their queries and doubts regarding particular subjects or areas. Chatbots act
like personal tutors for learners who not only clear their specific doubts but also teach certain topics and concepts
in a personalized method. Chatbots are interactive ways of teaching for the students and are a big aid to the

teachers.

Virtual Reality (VR)

Virtual Reality is a widely used technology in education. It makes teaching-learning very innovative and
interesting. Virtual Reality is a digitally-powered setting that facilitates a deeper exploration and active interaction
for the learners. Educators are using virtual reality in their classrooms integrating experiential learning making
their learning process lively and interesting. VR brings the concepts, facts, information, events, etc. nearer to life
and makes them real to the students making them feel connected to the concepts and each other. Students located
in different classrooms and cities and even countries can get connected and interact conveniently discussing
different topics and research areas. Educators can increase student engagement using VR making the teaching

more engaging and interactive.

Learning Management System (LMS)

Learning Management System is not a very new technology for the educational sector. A learning management
system offers a centralized, spontaneous teaching structure that manages most of the educational assignments and
tasks of any educational institution. LMS technology and tools are utilized for several activities like coursework
assignments, communicating with the learners, communicating with the parents, tracking the status and progress

of the students, assessing the student’s performance, generating reports, etc.
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These systems make it possible to house all elements of a course in a single location, including instruction,
assignments, tests, and grading. This implies that instructors are always free to offer input on any project or test.
Without having to wait until the conclusion of the semester, students may view their marks right away. Al-based
LMS empowers teachers to create interactive content and teaching materials for the students. Parents can monitor

their children’s performance and progress with the help of Al-powered LMS.

Robotics

Robotics powered by Acrtificial Intelligence are now increasingly used in education and have been seen as a great
tool to engage students and give them more practical-oriented learning. Many schools and colleges have begun
using robotics technology in their teaching-learning process. The educators and learners can dig deeper exploring
new topics and concepts. Robotics allows the learners to give time to themselves and learn on their own. Robots
facilitate self-learning that broadens the learning capacity of the learners. Robots offer an innovative learning
platform that creates and develops problem-solving skills in learners. Allowing them to perceive the outcomes of
their experiments and works. Educators also benefit from using robotics technology while teaching science,

geography, and maths making their classes more creative and practical.

Ethical Implications

Al has branched out in every walk of human life. This, however, gives rise to misuse of Al and badly curated Al
tools that cause irretrievable damage to human lives and property including the entire civilization. Artificial
Intelligence ethics includes a combination of methods, standards, philosophies, practices, and techniques
employing commonly recognized standards of ethical conduct in developing and deploying Artificial Intelligence
technologies. Al ethics focuses on issues and impasses related to Al technologies and tools to ensure that such
technologies and activities should not present a menace to human lives, society, or the environment in the coming
years. Al Ethics navigates technologies that essentially assure a safe, secure, and eco-friendly self-governing

system in interaction with human beings (Fourtané, 2020).

Business tycoons, Al scientists, and data science engineers have confessed the power of Al in human decision-
making and business activities. This new age power of Al should be kept under control to end any kind of perilous
possibilities of Al-fuelled destruction in the future (Johnson, 2019). Even global bodies like UNICEF and OECD
have recognized the need for better transparency and accountability in Al-technology practices and activities to

facilitate more meaningful and safe information dissemination and decision-making (Schaper, et al., 2020).

Research studies have revealed human-centered reflections raising the consideration of instructing people to be
more socially responsible and ethical users (Teredesali, et al. 2020). Gong et al. established that learners give lesser
heed to moral issues such as prejudice in Al and legal accountability, and intellectual property (Gong, et al., 2020).
Studies revealed that Al ethics have a greater number of human-based issues like inclusivity, equality,
responsibility, transparency, and integrity which outnumber concerns such as increasing learners’ Al aptitudes,

skills, and interests (Hagendorff, 2022). For example, Lin et al. (2021), developed a middle-school program that
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focussed on Al literacy integrating Al-concepts, ethics, awareness and careers. The research work proposed a
groundwork for forthcoming Al-based businesses that would be built on inclusiveness principles, offer equal
opportunities, take into account numerous parties and possible consumers, and reduce the possibility of
discrimination. It is now a fact that to build an inclusive environment it is needed to encapsulate and conceptualize

Al literacy with human-centered deliberations.

Challenges and Risks in Al Application

Expeditious technological development inexorably brings numerous threats and difficulties that have surpassed
policy discussions by a significant margin and governing structures. Erik mentioned in his article that Al will have
a significant impact on how radiology and healthcare are practiced. Radiologists' performance can be enhanced
by Al, and the combined performance of radiologists and Al will be superior to either one alone. In remote regions
and underdeveloped nations, Al will be able to offer very efficient and affordable diagnostic services, hence
boosting the availability of healthcare for countless individuals (Ranschaert, et al., 2019). Peter discussed the areas
where Al can enhance the military application. Areas such as Surveillance, Underwater mine warfare, and Cyber
Security can be supported and improvised by technology (Svenmarck, et al., 2018). Mentioned in his working
papers are the Al potentials that are especially beneficial in achieving several of the world's SDG 4 international
academic goals, including making sure all students receive accessible, equal education, and encouraging prospects
for continuous education for everyone. The paper also discussed Al implications for instructions and Al
applications for Schools and Management separately (Vincent-Lancrin, & Van der Vlies, 2020). The summary

includes:

Al applications

Al applications for e  Personalizing learning with Al
teaching e Supporting students with special needs with Al
e Online and blended learning — Al-enabled Chatbox
o Different types of sensors and cameras to enhance student engagement and
classroom dynamics

e  Using multi-lingual instructions

Al applications for e unbiased assessments — qualitative and quantitative
system and school e early warning systems to reduce dropouts
management e A large number of audience/students can be monitored

o  Game-based or simulation methods of assessment to access complex skills

Source: Vincent-Lancrin, & Van der Vlies, 2020

Challenges

The use of artificial intelligence (Al) in education opens up several opportunities to enhance learning, but it also

presents several obstacles that must be resolved. It is crucial for stakeholders, including educators, policymakers,
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technology developers, and academics, to collaborate to design and execute ethical Al in education methods that
put equality, ethics, and student well-being first to overcome these obstacles. This entails open data practices,
continual professional development for teachers, and the creation of laws that support fair and equal access to Al-

powered educational tools.

Trust: The unknowable nature of how deep learning models forecast the output is one of the most significant
problems that worry Al. Some applications of Al might be infrastructure-based and covert, raising questions
regarding transparency and reliability. Al frequently enters new applications with a mystic air, but educators and
procurement rules demand that EDTech demonstrate effectiveness. Al may offer information that seems real but
is false or has no basis in reality. The risk of scaling pattern detectors and automation that result in "algorithmic
discrimination” (e.g., systematic unfairness in the learning opportunities or resources recommended to some
populations of students) is among the most significant new risks that Al introduces in addition to the well-known

data privacy and data security risks.

Privacy and Security: Technology always has to face this as a concern, where the data so stored by technology
always has a threat of being hacked or misused. This has been one of the major challenges for technologists to
ensure the updation of data security systems to safeguard the personalized micro and macro-level data for the right

usage.

Determining the right and complex methods: Artificial intelligence is the technological system that helps
human beings overcome routinized processes. But to execute these tasks with the help of machines, it is required
to program the machine with all sorts of possible outcomes. It is required to understand every possible expectation

and the right roadmap for the assessment.

Data storage: The advantage of Al is the data management in one system which can be used for reference at any
point of time in the future. However, the major challenge that an Al-enabled system faces is the data storage
system, which should have the capability of understanding and storing the programs as well as the interaction

data.

Modelling issues: The programming of the right model, should have all the possible outcomes, which has all
possible ways of assessing qualitative and quantitative skills. The right programming that can support the teaching
and learning process should be the perfect model with all possible ways to provide solutions to the learners.

Chances of incorrect output: Al is a human-programmed system that will execute the task as instructed by human
beings but at the same time it only gives the output as programmed. The programmer has to look forward to all

possible outcomes, and all possible ways to assess the learner.
Robots stealing jobs: Al which runs with only machines will take away human jobs. Because the objective of

Al-enabled applications is just to support humans with a few routined processes. And that’s how Al will act as a

substitute for the jobs executed by human beings.
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Conclusion

Global trends in different industries are focusing more on personalization in all their activities owing to the arrival
of Artificial Intelligence. Al has revolutionized the entire education sector globally. Al is one of the biggest
technological tools that is a big boon to teachers and facilitators who can have all the information related to their
subjects and courses at the tip of their fingers. Al empowers educators to create innovative and interactive
educational content that ensembles their learners in the best possible way and ensures effective personalized
learning. Al also helps in automating routine and repetitive tasks, giving more fruitful and productive time for the
instructors for an impactful teaching environment. However, the increased use of Al in the education sector leads
to more possibilities of danger that ought to be addressed with strong Al systems. It is paramount that probable
perils need to be identified that are triggered by faulty and poorly designed Al systems. Business organizations,
policymakers, and government agencies should anticipate and plan effective actions to respond to and implement
at the earliest. Individuals, corporate houses, and government can undertake efforts to avert future probable
problems by creating an environment of responsible behavior towards innovation and integration of technologies
to design and execute ethical, fair, and safe Al tools and systems. All stakeholders embroiled in designing,

producing, and deploying projects should emphasize Al ethics and safety as a supreme priority.
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»  This study shows that Al is playing a big role in education. Al technologies such as virtual reality, 3D
technology, and interactive simulations are being used to help students learn. Also, the use of robots as
teacher assistants highlights the role of Al in education.

» Al offers a range of potential benefits for students and teachers, such as a personalized learning
environment, tutoring, rapid response, personalized syllabi, customization of the academic curriculum,
student assessment and ranking, admission and registration processes, adaptive group formation, and an
intelligent teaching system.

» This study states that Al will significantly impact the future of education. Al will support teaching and
learning processes and cause major changes in teaching.

» Al can help teachers assess student performance and create personalized learning plans for students. It
can also identify students' learning deficiencies early and work on them.

» This study also notes that Al has broader applications in education. This includes the capacity to provide
students with resources that can help students with different needs, such as multilingualism, hearing or

visual impairments.
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Abstract

The objectives of this qualitative study were (i) to overview the integration of Al in instructional pedagogy, (ii)
to point out some potential benefits of Al in education, and (iii) to highlight future implications of Al in education.
The analysis of previous research studies on artificial intelligence in education was used as the methodology for
this study. Three research questions formulated for this study were: (i) What is the role of Al in instructional
pedagogy? (ii) What are the potential benefits of Al in education? and (iii) What are the future implications of Al
in education? The findings related to the research question (i): What is the role of Al in instructional pedagogy?
Artificial intelligence technologies like robots, virtual reality, intelligent tutoring systems equipped with
conversational and dialogue capabilities, animated conversational agents in Chabots or Cobots, deep tutors, and
auto tutors are used in instructional pedagogy. The findings related to research question (ii): What are the potential
benefits of Al in education? Al benefits teachers and students through the personalized learning environment,
tutoring, quick response, personalized course programs, customization of the academic curriculum, Al-based
resources, student assessment and grading, admissions and enrollment processes, adaptive group formation, and
an intelligent tutoring system. The findings related to the research question (iii): What are the future implications
of Al in education? Indicated that Al will significantly impact the future of education. It will support the process

of teaching and learning.

Introduction

Background of the study

The term "artificial intelligence™ (Al) was initially used by John McCarthy in 1955 to refer to a computer system
that possesses the ability to execute a range of cognitive activities like those performed by humans, including
communication, decision-making, learning, and problem-solving (Nilsson & Nilsson, 1998). As per Baker and
Smith (2019), Al is a broad term encompassing many technologies and algorithms. In education, the earlier phases
of Al often revolved around intelligent tutoring systems aimed at autonomously addressing challenges such as
enhancing operator proficiency. Various definitions of Artificial Intelligence in instructional pedagogy, as stated
by different researchers, are given in Table 1.

Table 1: Al in Instructional Pedagogy as Stated by Different Researchers
No Author Definition

A human-like and acceptable answer to the issues that the intelligent tutoring
1 Ross (1987) system sets for the user can be achieved with Al techniques. The intelligent tutoring

system can then reason and comment on the solution process.

Al in the realm of education can be characterized as an intelligent tutoring system
2 Hwang (2003) designed to facilitate the management of system knowledge and operational data to

enhance operator proficiency. Additionally, it involves the automated assessment

of exercise progression and remedial actions during a training session by leveraging

past student performance as a basis.
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3 Johnson et al. The authors defined Al as tutors that generate real-time responses using their

(2009) understanding of the subject and evaluation of student analyses.

The rise of computer and information communication technologies has fueled artificial
intelligence (Tas & Giilcii, 2019). Al is the ability of computers to adapt to new surroundings,
address emerging circumstances, resolve issues, provide solutions, design plans, and do other
jobs that require human-like intellect (Coppin, 2004). This description emphasizes that
computers, computer-related technologies, machinery, and information and communication
technologies have enabled computers to perform tasks that resemble human abilities, resulting
in artificial intelligence. New educational technologies have made artificial intelligence widely
used in education (Chen et al., 2020). Education is adopting Al technologies and algorithms
every year. Figure 1 shows the rise in Web of Science and Google Scholar "Al" and
"Education™ research publications in 2010. Approximately 70% of the publications were
published between 2015 and 2019.
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Figure 1. Papers Published in Different Data Sources on the Application of Artificial Intelligence in Education
Source (Chen et al., 2020)

The field of education is poised for substantial transformation through the impact of artificial intelligence (Al).
Al has remarkable potential and can exert profound influence across various societal domains. Al has found
application in diverse forms within educational institutions, encompassing instructional approaches enriched by
tools designed to enhance student learning. These tools incorporate virtual reality, web-based platforms, robotic
systems, video conferencing, audiovisual resources, and 3-D technology. As a result of these innovations, students
receive a more individualized and profound educational experience from teachers who work more effectively and
efficiently (Guan et al., 2020).

Statement of the Problem

Due to the improvement of technological tools, the teaching and learning settings have changed. Many mobile
and internet devices are available, making the learning environment interesting, useful, and creative (Hafeez et

al., 2022). The traditional methods of acquiring education cannot fulfill the requirements of society to compete
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with the new challenges in the twenty-first century. So, it is time to integrate the advanced technological tools in
education to make the education system more advanced and purposeful to compete with the current age

requirements.

Objectives of the Study

The objectives of this study were: To overview the integration of Al in instructional pedagogy.
i. To point out some potential benefits of Al in education

ii. To highlight future implications of Al in education.

Review of the Literature

Concept of Artificial Intelligence

Computers or robots with "artificial intelligence™ can perform intelligent tasks. This phrase generally refers to
building Al systems with human-like thinking, semantic comprehension, generalization, and experience learning.
Since the 1940s, digital computers have successfully proven mathematical theorems and played chess. Despite
greater computer processing speed and capacity, programs can only match human flexibility in jobs requiring
considerable baseline knowledge. Al machines have outperformed human experts in various domains. This limits
Al applications in speech and handwriting recognition, search engines, and medical diagnostics (Roll & Wylie,
2016).

As Sadiku et al. (2021) define artificial intelligence (Al), a computer system may execute human cognitive skills
like reasoning and learning, normally reserved for humans. Al technology gives education a new degree of
adaptability and versatility, changing the educational environment and simplifying instructors' jobs. Al will
transform education. Psychologists describe human intelligence as a mix of cognitive talents. Artificial

intelligence research has focused on the following intelligence components:

Learning

In the context of artificial intelligence (Al), learning encompasses various approaches. The most straightforward
form involves acquiring knowledge through trial and error. For instance, in the case of a basic computer program
designed for solving mate-in-one chess scenarios, it may experiment with different moves until it identifies a
winning move. The program may store the solution alongside the corresponding position to enable the computer
to remember this solution for future encounters with the same situation. Another form of learning in Al involves
role-playing or the simple memorization of discrete items and processes, which a computer can easily accomplish.
However, the challenge lies in applying a concept known as generalization. Generalization uses past knowledge
to address similar new circumstances. A software that memorizes the past tense of common English verbs would
struggle to create the past tense of "jump" unless it has seen "jumped" before. Software with generalization
capabilities may learn the "added" rule and generate the past tense of "jump" from its experiences with comparable
verbs (Pedro et al., 2019).
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Reasoning

Engaging in reasoning is to draw inferences relevant to a given context. Deductive and inductive reasoning are
distinct approaches in this regard. An example of deductive reasoning is: "Fred must be located either in the café
or the museum." If it is established that he is not in the café, then it logically follows that he must be in the
museum. On the other hand, an instance of inductive reasoning can be seen in the statement: "Previous accidents
of this nature were attributed to instrument failure; hence, it is concluded that this accident was also caused by
instrument failure.” The crucial difference between these two forms of reasoning is that in deductive reasoning,
the premises' truth guarantees the conclusion's truth. In contrast, in inductive reasoning, the premises support the
conclusion without offering absolute certainty. Science frequently relies on inductive reasoning, involving
collecting data and the development of initial models to describe and predict future behavior, which may be
adjusted as new, unexpected data emerges. However, deductive reasoning is often used in mathematics and logic
to build complex systems of irrefutable theorems from a few basic axioms and principles. Deductive inferences
have been successfully programmed into computers. However, genuine reasoning extends beyond the mere act of
drawing conclusions; it entails reaching conclusions that are pertinent to addressing specific problems or

situations. This challenge represents a significant issue in artificial intelligence (Al) (Ouyang & Jiao, 2021).

Problem Solving

Problem-solving, especially within the field of artificial intelligence, can be defined as a methodical exploration
of various potential actions with the purpose of attaining a predetermined goal or solution. There are two primary
categories of problem-solving techniques: specialized and general. A specialized approach is customized for a
particular problem and often utilizes unique aspects of the problem's context. In contrast, a general-purpose
approach can be applied to address a variety of different problems. A commonly employed general Al method for
problem-solving is means-end analysis. This approach involves incrementally closing the gap between the current
situation and the desired outcome, step by step. For example, in the context of a basic robot, this may entail actions
like PICKUP, PUTDOWN, MOVEFORWARD, MOVEBACK, MOVELEFT, and MOVERIGHT until the
desired objective is achieved. The program selects actions from a list of potential means to progress toward the
goal. Artificial intelligence systems have played a central role in finding solutions to a diverse range of problems,
including tasks like determining winning moves in board games, generating mathematical proofs, and

manipulating "virtual objects" within artificially generated environments (Luan et al., 2020).

Perception

In the process of perception, the environment is systematically examined using a variety of authentic or simulated
sensory organs, and the scene is deconstructed into individual elements arranged in different spatial
configurations. Analyzing these elements can be challenging due to factors like an object's appearance changing
depending on the viewing angle, the direction and intensity of the ambient lighting, and how distinct the object is

from its surroundings. Artificial perception has advanced significantly, enabling optical sensors to identify
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individuals, autonomous vehicles to safely travel at reasonable speeds on open roads, and robots to collect empty

soda cans from buildings (Alam, 2021).

Language

A language is a system of symbols with established meanings through convention. This concept implies that
language is not limited to spoken words. For example, traffic signs serve as a form of mini-language; in some
countries, the symbol for "danger ahead" is represented as "." The distinctive feature of languages is that the
meanings of linguistic units are determined by convention, setting them apart from what is known as natural
meaning. Examples of natural meaning include phrases like "Those clouds indicate rain" and "The decrease in
pressure implies that the valve is malfunctioning.” Developing computer programs capable of seemingly fluent
responses in human languages within highly constrained contexts is not a particularly challenging task. Although
none of these systems can claim to comprehend the entirety of the English language, they may eventually acquire
language skills comparable to those of an average human. However, the question of what constitutes genuine
understanding remains complex and lacks a universally accepted answer. One theory holds that language
comprehension depends on both behavior and history: to understand a language, one must learn, interact, and train

with other language users to integrate into the linguistic community (Becker, 2017).

Nature of Al

Al has traditionally been closely associated with computers. However, an examination of numerous research
papers, particularly those focused on the field of education, reveals a shift away from the notion that Al is solely
tied to computers, their hardware and software, or their equipment. Thanks to embedded computers, sensors, and
new technologies, Al has expanded to include machines, robots, and buildings (Chassignol et al., 2018). The dual-
sided definition and summary of Al by Chassignol et al. (2018) is that Al is a theory and a field of study. Al is a
discipline of computer science that addresses cognitive difficulties, including learning, problem-solving, and

pattern recognition, and adapts them (Chen et al., 2020).

Technical Aspects of Al in Education

Al-assisted education encompasses intelligent guidance, advanced virtual learning experiences, data analysis, and
predictive capabilities. Al has broadened the scope of education by catering to diverse learning requirements.
Both educators and students now enjoy the advantages of timely, customized training and feedback facilitated by
intelligent educational systems. These systems harness a range of computing technologies, with a strong focus on
machine learning, which closely aligns with statistical models and cognitive learning theories, ultimately
enhancing the value and effectiveness of the learning journey. Al-based educational systems employ a multitude
of strategies rooted in machine learning, data mining, and knowledge models, encompassing elements such as
learning analysis, instructional components, and knowledge acquisition. At its core, an Al-powered educational

system comprises instructional materials, data, and intelligent algorithms, further classifiable into system models
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and intelligent technologies (Han, 2018). Table 2 provides insights into various scenarios and methodologies for

the integration of Al in education.

Table. 2: Techniques for Scenarios of Al in Education

Scenarios Techniques

Assessment of Pupils and Institutes Academic analytics, adaptive learning technique, and individualized
learning approach

Grading and Evaluation of Exams Computer vision, image recognition, and prediction system

Individualized intelligent instruction ~ Baycsin knowledge interference data mining, intelligent teaching
systems, and learning analytics

Smart School Face and speech recognition, virtual laboratories, audio and video
recognition, hearing, and sensing technologies

Online and mobile distance learning Real-time analysis, edge computing, and virtual personal assistants

Al Education Model

In Al-based learning systems, the incorporation of learner models plays a pivotal role in the enhancement of self-
directed learning abilities. These learner models are constructed by assimilating data pertaining to learner actions
observed during the instructional process. The evaluation of learners' self-directed learning skills involves an
assessment of their reasoning abilities and cognitive aptitude. Subsequently, a knowledge analysis is conducted
to gauge the extent of learners' mastery of the subject matter. The objective of learner modeling is to create
associations between educational outcomes and a range of elements, such as teaching approaches, learning

materials, and instructional resources (Kim & Park, 2017).

Knowledge models serve as comprehensive informational structures within learning materials. They often
encompass expert knowledge, and guidelines addressing common learner errors, and misconceptions. The
instructional model, which combines both the knowledge domain model and the learner model, establishes
guidelines for accessing the knowledge domain. This empowers educators to tailor their teaching methods and
interventions according to specific student needs. As students progress in their education, they tend to exhibit
more favorable behaviors, take proactive steps, and seek assistance as required. Tutoring models incorporate
predefined teaching strategies that Al systems can consistently employ to provide guidance. Through various
input and output mediums, the user interface serves to elucidate the students' performance levels. The advanced
human-machine interface incorporates Al-related functionalities, including speech recognition, emation

recognition, and natural language interaction with learners (Terzopoulos & Satratzemi, 2019).

Intelligent Education Technologies

Educational technologies such as data mining, machine learning, and learning analytics are closely intertwined.
Presently, two distinct communities have emerged in the domains of educational data mining and learning

analytics. These communities share common objectives and methodologies, drawing support from various

50

~
| S—



Empowering Education: Exploring the Potential of Artificial Intelligence

academic disciplines, including machine learning, data mining, statistics, psychometrics, and data modeling. In
the realm of learning analytics, particular emphasis is placed on large-scale test results and learning content
management systems. The field of intelligent tutoring systems, which primarily deals with highly detailed
cognitive processes, has given rise to the practice of data mining (Pinkwart, 2016). The intelligent education

technologies under discussion encompass:

Machine Learning

Machine learning is fundamentally centered on the concept of knowledge discovery, which entails the
examination of sample datasets referred to as "training data" in order to reveal significant patterns and organized

information.

For instance, machine learning can be applied to assist students in making course and college selections by
utilizing information like student preferences, goals, and past successes to match them with institutions where
their potential can be maximized. Moreover, this technology can aid educators in understanding how students are
comprehending various subjects. This insight enables teachers to adapt their teaching methods based on
aggregated student performance data, potentially enhancing students' grasp of the subject matter. For example,
machine learning's abilities in image recognition and prediction can be utilized to rapidly and accurately evaluate
student assignments and exams, surpassing human assessment in both efficiency and precision. It's noteworthy
that deep learning, a subfield of machine learning, has garnered substantial popularity. Within the domain of
machine learning, decision tree learning, inductive logic programming, clustering, reinforcement learning, and

Bayesian networks are some of the commonly employed methods.

Deep learning, from a technical perspective, focuses on the development of increasingly meaningful
representations through the incorporation of additional layers. These layered models referred to as neural
networks, are constructed with successive layers stacked upon each other to extract intricate layer-specific

characteristics (Sonntag et al., 2017).

Learning Analytics

Learning analytics primarily concentrates on the collection of data concerning student attributes and knowledge

entities acquired from learner models and knowledge domain models.

This approach introduces a novel technology, machine learning, into the non-technical domain of education. The
overarching aim is to tailor teaching strategies to individual learners' needs and abilities. This may entail taking
action to assist students who are at risk or delivering valuable feedback and educational resources. Learning
analytics relies on techniques derived from a range of disciplines, including the learning sciences, data
visualization, machine learning, and semantics. For example, Al-driven competency-based learning, which

collects critical student data, can efficiently reveal insights about individual students and forecast the primary
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competencies they should focus on. This proactive strategy empowers educational institutions to make well-

informed decisions to aid their students (Rienties et al., 2020).

In addition to competency-based learning, learning analytics also leverages the adaptive learning functionalities
of Al. Artificial intelligence can take into account multiple factors to classify potential students according to their
risk of discontinuing their education, creating early warning systems and providing valuable insights for
educational institutions. The forthcoming challenge for learning analytics is to broaden its applicability beyond

its existing areas of emphasis to include disciplines like literature, the arts, interpersonal skills, and others.

These areas introduce a higher level of complexity when it comes to measuring and assessing competencies or
learning outcomes. Striking a balance between applying learning analytics in specific learning environments while
ensuring its adaptability for use across various courses and institutions remains a challenge. The increasing
adoption of learning analytics holds promise for enhancing learning outcomes for students, teachers,

administrators, and educational institutions as a whole (Salas-Pilco et al., 2022).

Data Mining

Data mining in education provides systematic and automatic answers. Al-based educational data mining
establishes internal association rules and gives students personalized knowledge pieces. A few written tasks can
be utilized to assess student demographics and grade data. Machine-learning regression can predict student
performance and execute this study. Data mining is a powerful tool for boosting learning and understanding
educational situations and students (Navale et al., 2016). Data mining uses pattern recognition and predictive
modeling to reveal hidden information, helping educators improve curriculum creation. Personalizing learning

experiences using knowledge domain data is a major use of Al-driven data mining.

This lets students learn at their own speed with Al. Individualized learning lets students choose subjects and lets
teachers tailor lessons to their interests. Data mining helps Al build intelligence more accurately, improving results
(YYahaya et al., 2020).

The Role of Al in Education

The education sector is anticipated to experience significant transformation due to the substantial potential of Al.
Al possesses considerable power and has the capacity to affect various aspects of society, inciting substantial
changes within them. Evidently, Al has found acceptance and practical application in the field of education,
leading to significant advancements in various aspects of the industry. The utilization of Al in education,
particularly in areas such as administration and instruction, has had an influence on students' learning outcomes
(Zhai et al., 2021).

A variety of Al applications have been created within educational environments, as revealed by the academic

sources examined in this study. These applications encompass the automation of administrative functions and
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processes, the creation of educational curricula and course materials, teaching methodologies, and the
enhancement of student learning procedures. Al has notably increased the effectiveness of administrative tasks,
which include tasks such as overseeing students' progress, grading assignments, and delivering feedback. This
enhancement has been achieved through the automation of these tasks via web-based platforms or computer
programs (Hwang & Tu, 2021; Aggarwal & Girdhar, 2022).

Al has found applications within the education sector, contributing to the creation of curricula, educational
materials, and lesson plans. These educational resources leverage a variety of tools and technologies, including
virtual reality, web-based platforms, robotics, video conferencing, audiovisual materials, and 3-D technology.
This integration of Al tools has resulted in more efficient and effective teaching practices, leading to more
personalized and comprehensive learning experiences for students (Aldosari, 2020). Furthermore, a deeper
examination of various sources has uncovered noteworthy insights. It has become apparent that Al's application
in education has the potential to transcend the physical limitations imposed by national and international borders.
This is achieved by hosting learning resources on the Internet and the World Wide Web, allowing access from
virtually anywhere. Moreover, the incorporation of Al features, such as language translation tools, enables
students to learn in a manner that aligns with their unique abilities and language preferences. Whether through
online learning or web-based educational platforms, educational content has become readily accessible to learners
across the globe (Jain & Jain, 2019).

The several publications we studied show that more focused applications of Al in education come in a variety of
shapes. The broad use of Al in a variety of fields, including content development, teaching strategies, student
evaluation, and teacher-student communication, was emphasized by Chassignol et al., (2018). For instance, the
study by Chassignol et al., (2018) found that Al has been heavily incorporated into assessment, teaching and

pedagogical approaches, curriculum building, and student-teacher communication.

Research Questions
e RQ1: What is the role of Al in instructional pedagogy?
o RQ2: What are the potential benefits of Al in education?

e RQa3: What are the future implications of Al in education?

Results

RQ1: What is the Role of Al in Instructional Pedagogy?

Al in Instructional Pedagogy

The analysis of selected papers reveals a prominent application of Al systems that has experienced significant
growth, which is the domain of teaching and instructional support. Al has played a pivotal role in simplifying the
development and utilization of highly effective teaching aids, thereby enhancing the quality of education. The
various papers under scrutiny explore and highlight diverse platforms and applications of Al as an instructional
tool. Mikropoulos & Natsis (2011) underscore the use of virtual reality, 3-D technology, and highly interactive

simulations as educational tools that facilitate students' comprehension of various subjects. Similarly, Wartman
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& Combs (2018) emphasize the application of Al in medical education through virtual reality and simulations,
which guide students in practical aspects of their education, including performing procedures and understanding
human anatomy. Another significant aspect of Al in education as an instructional tool is the creation and
deployment of robots as teaching assistants and collaborators, often referred to as cobots. These robots are capable
of conducting both basic and complex educational activities, such as teaching children how to read and pronounce
words, as demonstrated by Chiu & Chai (2020). Sharma et al. (2020) highlight that the integration of Al into
education, particularly in conjunction with other technologies, has led to the development and utilization of
enhanced teaching tools, further enriching the instructional landscape. Al gives humanoids and other robots the
ability to reason and make decisions, as well as to communicate and converse, which makes it possible to employ

them as teaching and educational aids. The application of Al in instructional pedagogy is shown in Figure 2.

Intelligent tutor
Pl— / ' 3 \ ———
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Artificial o / Educational |
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S— _ tool/ partner S

»

Figure.2: Artificial Intelligence in Instructional Pedagogy

Several research studies have explored the applications of intelligent tutoring systems (ITS) from various
perspectives. For instance, Rus et al. (2015) discovered that ITS, capable of engaging in discussions and dialogues
and integrated with animated conversational agents such as chatbots or cobots, has significantly enhanced teaching
effectiveness. These findings are consistent with the ideas presented by Pokrivcakova (2019) regarding the use of
artificial intelligence (Al) in education. Pokrivcakova discussed the application of Al in computer-assisted
language learning (CALL), which offers customized guidance to students and helps language learners with writing
and translation. Kahraman et al. (2016) explored the incorporation of Al in web-based education, particularly
through AIWBES (Al in Web-Based Educational Systems). This approach imbues the platform with teacher-like
capabilities, making it a powerful educational tool. Similarly, Peredo et al. (2011) investigated intelligent and
adaptive web-based systems (IWBE) that view teachers as social agents within the system. The goal of this system
is to understand and support teachers in their roles, providing guidance to students to ensure effective and
systematic use of web-based educational technology for an enhanced learning experience. Al has been integrated
into various technologies and approaches, either as a standalone educational tool or as a means to assist teachers
in fulfilling their educational duties.

Performance of Instructor and Student
It would be intriguing to investigate the potential impact of artificial intelligence on both student and teacher

performance within intelligent educational systems. Al systems have the potential to significantly alleviate the

workload of teachers, particularly as the number of students in educational institutions continues to rise. These Al
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systems can assist educators in analyzing the curriculum and course materials, subsequently offering tailored
content recommendations. Furthermore, post-analysis, these systems can even generate and evaluate
examinations. This automation allows teachers to allocate more of their attention to pressing issues, such as
student performance (Chan & Zary, 2019). Al solutions also hold promise in effectively assessing student data in
personalized teaching and self-directed learning contexts. This capability empowers teachers to develop
individualized lesson plans for each student, enhancing the educational experience. Addressing the issue of human
bias is another evolving challenge in the integration of Al in education. To mitigate bias, Al systems can assess
essays and exams based on predefined criteria and standards. Computer vision-based Al systems, which can read
and recognize handwritten documents and images, play a pivotal role in this process. These technologies not only

help reduce bias but also safeguard against plagiarism and cheating (Renz & Hilbig, 2020).

Al systems have detected learning gaps in students and are proactively addressing these issues during their early
education by analyzing student data. Unlike the traditional educational system, which provides uniform treatment
to the majority of students, Al recognizes that optimal teaching performance cannot be achieved by applying the

same teaching approach to all students (Lin et al., 2018; Verma, 2018).

As a conclusion, Al offers enormous promise for speeding up and automating administrative duties for both
institutions and teachers. The marking of essays and assignments can already be automated by Al, freeing up
teachers' time to deal with pupils one-on-one. New approaches to grading essays and examinations are being
developed by Al developers. Al develops adaptable learning digital interfaces for students of different ages and
grade levels in terms of educational resources. In addition, Al makes it possible for teachers to obtain knowledge

for their students based on the complete learning ecosystem (Carin, 2020).

RQ2: What are the potential benefits of Al in education?

Some of the potential benefits of Al in education are discussed in the following lines:

Personalized Learning Environment

Al-based solutions have the capability to adapt to students' academic levels, their pace of learning, and their
current educational objectives. This capacity can be instrumental in helping students select the most suitable
courses for their requirements. Programs related to artificial intelligence can evaluate individuals' prior learning

experiences, pinpoint their areas of weakness, and suggest relevant courses accordingly.

Tutoring

Many students need support beyond the traditional classroom setting, whether it's for exam preparation or help
with homework. Finding professors with enough time to address these individual needs can be challenging. Al
chatbots and tutors can provide students with personalized guidance for their unique learning styles outside the

classroom. Al technologies can play a crucial role in helping students identify and enhance their areas of weakness.
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Quick Response

During the educational journey, students often need assistance in resolving their queries, and this assistance is
typically sought from specialized experts. Artificial intelligence (Al) can provide rapid responses to students'
inquiries, ensuring that learning resources are accessible around the clock, seven days a week. With the assistance
of Al, students have the flexibility to study from any location and at any time. This enables them to access high-

quality education without incurring additional costs associated with living or travel expenses.

Personalized Course Programs

Al-based tools may assess students' learning abilities and history to offer teachers an overview of their weak points
that demand assistance. It enables the creation of tailored educational curricula by collecting and analyzing student

data. An appropriate learning program can now be established in the future.

Customization of the Academic Curriculum

Acrtificial intelligence (Al)-powered machines have the ability to tailor academic curricula to individual needs.
The integration of Al technologies in global classrooms enables the inclusion of students with hearing or vision
impairments, as well as those who are ill and unable to attend classes. In the traditional educational system,
instructors evaluate students based on their assignments and tests, which can be time-consuming. However, when
Al isintroduced into this context, it can efficiently handle these tasks. Furthermore, Al assists in offering guidance

on addressing learning gaps.

Al Provides Resources

People who speak different languages, those with hearing or vision impairments, or individuals conversant in
various languages can all derive advantages from the capabilities of artificial intelligence (Al). One example of
an Al-driven application is Presentation Translator, which provides real-time subtitles. For instance, with the
assistance of Google Translate, students can both read and hear content in their native language. Contemporary
technologies such as virtual reality (VR) and gamification prove valuable for fostering greater engagement in

meetings and interactions.

Student Assessment and Grading

Multiple choice examinations were previously occasionally assessed by computers, and now advancements are
being made that would allow written solutions, such as paragraphs and assertions, to also be rated by computers.
As a result, a teacher's job is made simpler, there is no time wasted, and the time saved can be used to focus more

on the growth and assessment of each individual student.
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Admissions and Enrollment Processes

In the future, artificial intelligence (Al) has the potential to play a significant role in managing the processes
related to admissions and enrollment, although its complete capabilities remain to be fully realized. Al has the
capacity to assist students in improving their at-home study routines and in planning for exams. In the future, Al
will have the capability to adapt to diverse learning approaches. The advancement of more advanced tutoring and
study systems can be attributed entirely to Al. The educational sector is presently exploring various applications

of Al, including the concept of Al mentors to support students.

Adaptive Group Formation

Students can be divided into groups by Al that are most suited for specific assignments. Adaptive group formation
is the term for this. Software using artificial intelligence that can evaluate student essays right away. These
writings are added to a central database, and the database's prior essays may be used to compare future articles.

Computer-based Al in education enables individualized, flexible, and perceptive instruction.

Intelligent Tutoring System

The Intelligent Tutoring System promotes one-on-one individualized tutoring. They can make a verdict against
an individual student based on neural networks and algorithms. Students are already being exposed to a plethora
of higher education options because to Al. Al has the potential to completely transform the sector of education.
Robots can improve grammatical accuracy and generate digital material. Teaching in the schools has already
begun to be digitalized.

RQ3: What are the future implications of Al in education?

A suitable exam may be swiftly created using Al to understand a student's needs. It can instantly create a
customized learning plan for each student, repeat classes as necessary, and demonstrate to pupils their level of
knowledge. Artificial intelligence (Al) might give teachers a virtual teaching assistant, freeing up the teacher's
time to roam around the classroom and encourage learning. Involving parents in the educational process and
giving them the knowledge, they require to support their children's success outside of the classroom may boost
parents as well as teachers and students more broadly. Teachers should take advantage of this chance to become
knowledgeable about the potential applications of Al and to be open to dialogues with students. The future

evolution of Artificial Intelligence in Education is shown in Figure 2.
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Figure. 2: Future Evolution of Artificial Intelligence in Education (Ongsulee, 2017)
Recommendations

On the basis of the results of the study following recommendations have been stated:

1. More studies should be done on the application of artificial intelligence in education especially in
instructional pedagogy to explore the more beneficial knowledge of Al in education.

2. Artificial intelligence should be included in the curriculum at all levels of education for the practical
implications of Artificial Intelligence in education.

3. There should be a project related to the application of artificial intelligence in education at the higher

education level to gain hands-on experience in artificial intelligence.
Discussion for Implications

Al is an advancing technology with the potential to revolutionize various aspects of our social interactions. In the
realm of education, Al has initiated the development of innovative teaching and learning solutions, currently
undergoing testing in various scenarios (Panigrahi, 2020). A fundamental objective of Al in education is to offer
personalized learning assistance or support to individual students, taking into account their learning progress,
preferences, and personal traits. For instance, an Al system can replace a tutor by monitoring students' learning
processes, assessing their academic progress, and providing immediate support tailored to their needs. Through
interdisciplinary collaboration, an intelligent tutoring system can be created to cater to students' anticipated needs.
This system not only enables students to study, practice, and interact with peers and professors but also offers
guidance, assistance, and support based on their specific circumstances or requirements. Conversely, if educators
possess an understanding of Al technology's capabilities and attributes, they can incorporate appropriate Al

applications into their courses to enhance students' learning outcomes, motivation, and engagement.

This study aimed to explain how Al is used in instructional pedagogy. The study was formulated to find the

answers to three research questions. The findings related to each research question are discussed as:
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Findings Related to RQ1

The first research question of this study was “What is the Role of Artificial Intelligence in Instructional

Pedagogy?” The findings related to this research question are discussed in the following lines:

a. Al has simplified the development and utilization of highly efficient teaching aids, significantly
enhancing educational quality.

b. The simulation-based lessons give students an actual or practical learning experience by utilizing various
technologies, such as virtual reality, to illustrate or teach pupils concepts or realistically exhibit contents.

c. Better teaching tools have been created and are now being used as a result of the integration or use of Al
in education, more specifically as instructional tools and in conjunction with other technologies.

d. Al gives humanoids and other robots the ability to reason and make decisions, as well as to communicate
and converse, which makes it possible to employ them as teaching and educational aids.

e. The realization of teaching efficacy has been aided by intelligent tutoring systems that are equipped with
conversational and dialogue capabilities as well as animated conversational agents in the form of chatbots
or cobots.

f.  Writing and translation aids in language learning, as well as computer-assisted language learning that
gives students or learners personalized instructions.

g. Intelligent Web-Based Education (IWBE) systems in which teachers are examined and portrayed as
social agents. The system then aims to comprehend and support teachers in carrying out their mandates,
to give instructions and directions to students, with the goal of ensuring that the technology, web-based
education, used in education is an effective and methodical way to improve learner experience.

h. Deep Tutor and Auto Tutor are examples of learner-centered systems that encourage customization and
individualized material based on the learner's skills and requirements, therefore improving the learner's

experience and supporting the attainment of the stated learning objectives.

Findings Related to RQ2

The second research in this study pertained to the potential advantages of artificial intelligence in education. The

conclusions regarding this research question are presented in the following lines:

Al Benefits for Students

Personalization: Personalization is a significant trend in education, facilitated by the incorporation of Al. This
trend allows students to experience tailored learning programs that consider their unique backgrounds and
interests. Al plays a crucial role in this by adapting to each student's level of knowledge, pace of learning, and
educational objectives, ensuring that every student can optimize their learning experience. Furthermore, Al-driven
tools can evaluate students' past academic performance, identify areas requiring improvement, and suggest
suitable courses, thereby creating numerous opportunities for a customized and highly effective learning

environment.

59

~
| S—



Artificial Intelligence in Instructional Pedagogy: Potential Benefits and Future Implications

Tutoring: Personalization is a prominent trend in education, marked by the individualized approach to learning
programs made possible by the integration of Al. Through Al, students now receive customized learning
experiences tailored to their unique backgrounds and interests. Al has the capacity to adapt to each student's level
of knowledge, pace of learning, and ultimate educational objectives, ensuring that every student maximizes their
learning potential. Moreover, Al-driven tools can analyze students' previous academic achievements, identify
areas in need of improvement, and suggest relevant courses, thereby creating numerous opportunities for a

personalized learning environment.

Quick Responses: Few things are as frustrating as posing a question and waiting three days for a response.
Teachers and staff often encounter a daily deluge of repetitive inquiries. Al, equipped with support automation
and conversational intelligence, can promptly furnish answers to the most commonly asked questions by students.
This not only alleviates a significant burden on teachers' time but also reduces the time students need to seek

information or await responses to their inquiries.

Al Benefits for Teachers

Personalization: Al can customize educational programs for kids and teachers alike. By examining students'
learning styles and prior performance, Al can furnish instructors with valuable insights into which courses and
lessons require reassessment. Armed with this data, teachers can devise highly effective learning programs tailored
to each student's specific needs. Moreover, educators can adapt their curriculum to address prevalent knowledge
gaps or areas of concern before a student falls significantly behind, thus ensuring a more personalized and effective
educational experience for all.

Answering Questions: Al-powered chatbots can respond to a range of common and repeated inquiries posed by
students without consulting a faculty person since they have access to the complete body of information at a given
institution. By avoiding the teacher, Al gives them more time to devote to lesson planning, curriculum research,

or enhancing student engagement.

Findings Related to RQ3

The third inquiry in this study revolved around the prospective implications of artificial intelligence in education.
The conclusions related to this research query are presented below:

The impact of Al on the future of education is poised to be substantial, with Al playing a supportive role in
teaching and learning processes. The domain of education is not immune to the rapid advancements in technology,
particularly in areas such as artificial intelligence (Al), machine learning (ML), and robotics. To fully harness Al's
potential for the benefit of all, it is essential to introduce the younger generation to Al at an early stage and
integrate this technology into the classroom. Teachers have already observed that many students are active users

of social media platforms, indicating their receptiveness to the educational possibilities presented by Al.
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Conclusion

The development of artificial intelligence has marked the onset of a new era in computer-assisted learning. Al
systems can assume roles such as intelligent tutors, tools, or tutees, enhancing decision-making processes in
educational settings by incorporating human intelligence. The convergence of Al and education opens a new
window of opportunity to significantly elevate the quality of instruction and learning. Intelligent technologies that
support tasks like assessments, data collection, learning enhancement, and innovative instructional strategies can
be valuable assets for educators. Asynchronous learning and intelligent tutoring systems have the potential to
improve students' learning outcomes. Moreover, the integration of Al with education represents a transformative
shift not only in the field of education but also in human knowledge, cognition, and civilization. Consequently,
Al in education is rapidly emerging as a prominent research area within the domain of computer-assisted learning

and is poised to be a topic of considerable debate in the future.
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» The study aims to design an Al curriculum framework with a pedagogical strategy and assessment
method to support students in developing their Al literacy in a primary school setting.

» Theoretically, by adding the new element of Al thinking with the considerations of data justice and ethics
into the existing theoretical Al literacy framework, this research presents a holistic and inclusive Al
curriculum for primary school students, with the considerations of all humans, non-humans, and nature.

» This curriculum can demystify Al concept skills traditionally taught at secondary schools and
universities. The educational implication is that it may empower students with the agency for critically
creating and evaluating Al models while considering minimizing any potential bias and its societal,
ethical, and environmental implications.

» Apart from shedding light on the suitability of Al curriculum in primary school settings, this study
contributes to our understanding of the effectiveness of pedagogical strategy in Al curriculum
implementation. It also adds value to assessment groundwork to evaluate Al literacy.
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Design of Artificial Intelligence (Al) Education for Primary Schools: Arts-based Approach

Introduction

Artificial Intelligence (Al) is defined as "the science and engineering of creating intelligent devices, particularly
intelligent computer programs™ (McCarthy, 2007, p. 2). Al literacy has become an essential component of national
strategies for digital citizenship education (Seldon & Abidoye, 2018). Even though many youngsters have grown
up engaging with Al algorithms, the majority of them still do not understand the technologies underlying smart
toys and Al applications (McStay & Rosner, 2021; Ottenbreit-Leftwich et al., 2021), while some even hold
misconceptions and misinformation about Al (Mertala et al., 2022; Dai et al., 2023). Many academics believe that
younger children should be taught how to interact with and use Al-powered applications since Al education
nurtures creativity, enhances problem-solving skills, and develops persistence, allowing students to meet the needs
of the 21st century (Touretzky et al., 2021; Taguma et al., 2018). The urgency for Al literacy education is further
heightened by the prevalent dark side of Al, including the algorithm bias reinforcing the existing social, economic,
and political bias in Al training datasets (Benjamin, 2019; Crawford, 2021). They will significantly impact humans
and natural ecosystems in the 21st century (Bozhurt et al., 2021; Crutzen, 2002). Al also threatens children's rights
to privacy, safety, and security (Maio et al., 2022), so recent discussions have focused on how important it is to
learn Al ethics (Gong et al., 2020; Hagendorff, 2020), data justice (Atenas et al., 2023; Raffaghelli & Gouseti,
2021), and how to teach children to think critically in an age of intelligence (Floridi et al., 2018). Furthermore,
there have been calls for including primary school students in Al literacy education to maximize digital inclusion
and eliminate the digital divide (Yang, 2022). Given the extent to which Al technologies have infiltrated various
aspects of our lives, Al education should be promoted in primary school settings with the consideration of all
humans, non-humans, and the natural world rather than being limited to secondary school or university settings
(Chiu et al., 2021b; Su et al., 2022).

Given the urgent need to teach primary school students about Al literacy, this study aims to design a holistic Al
curriculum, including Al thinking with data justice and ethics, with the collaborative arts-based pedagogical
strategy and assessment method. It strives to empower young students with Al literacy to be a social, ethical, and
environmentally responsible Al generation to advance a more equitable, just, and sustainable world. It provides
an engaging and content-appropriate Al curriculum for primary school students. The contribution of this study is
fourfold: (1) the holistic arts-based Al curriculum for inclusive primary education proposed in this study serves
as a valuable reference for educators and the government; (2) it sheds light on the suitability of Al primary
education curriculum and contributes to the understanding of the effectiveness of the pedagogical strategy in the
implementation of Al curriculum; (3) it designs and provides suitable content, teaching methods with engaging
and age-appropriate Al learning tools, teaching activities, assessment suggestions in the Al primary education
field to inform teachers and practitioners for iterative and sustainable Al literacy educational development; (4) it
empowers students with Al literacy with a collaborative arts-based pedagogical approach and inspires them to be

a Al creator who creates for projects using Al technology.

Research Aims and Questions

The study aims to design an Al curriculum framework with a pedagogical strategy and assessment method to
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empower students in developing their Al literacy in a primary school setting. The following research questions

will guide the proposed study.

e RQL: What learning content should be included in Al education at the primary school level?
e RQ2: What are the teaching methods in group activities?

¢ RQ3: What are the assessment suggestions in Al education at the primary school level?

Literature Review

Al Literacy and Conceptual Framework

Al literacy has become essential in the 21st century, including fundamental grammar and survival competence
across several fields (Miao et al., 2022; Touretzky et al., 2022). It has grown to include a range of ideas,
knowledge, abilities, and attitudes (Long & Magerto, 2020). Some academics describe it as knowing and
comprehending Al, using and applying Al, assessing and constructing Al, and Al ethics (Ng et al., 2021), which
are as vital as reading, writing, and computer skills. Machine learning, algorithm design, and natural language
processing are also considered Al subfields of computer science (Akgun & Greenhow, 2021). More crucially,
primary school research must be addressed in favor of secondary schools (Chiu et al., 2021b) and universities (Su
etal., 2022).

Recently, the Machine Learning Education Framework (Lao, 2020), Digital Competence Framework For Citizens
(Guitert et al., 202a), and Al4K12 initiative ( i.e., a scientific-related industry partnership https://ai4k12.org/) of
Five Big Ideas in Al (Touretzky et al.,2019) have been adopted to design an Al curriculum for students. For
example, researchers introduced the Five Big Ideas in Al, which comprises perception, reasoning, representation,
machine learning, and language understanding, to K-12 students (Tkacova et al., 2020; Eguchi et al., 2021,
Touretzky et al.,2021). These guidelines are informed by the learning sciences and computer science education
research and aligned with the CSTA's K-12 Computer Science Standards, Common Core, and Next Generation
Science Standards (Touretzky et al.,2022). Therefore, the learning of Al literacy education is often incorporated
into the computer science curriculum (Kanemune et al., 2017) and mapped into the Science curriculum (Heinze
et al., 2010). Due to gender differences (Dai et al., 2020), situated Al literacy education may bar certain groups

of students (Lin et al., 2021), particularly girls, from engaging in learning.

In addition, many argue that data is the core of the contemporary approach to Al development, which contributes
to the numerous challenges centered on ethics, justice, and algorithmic bias (Benjamin, 2019), as well as
accountability and transparency for inclusive and sustainable development (Pedro et al., 2019). Al has the
potential to amplify hidden biases and prejudices in its initial data analyzed and trained by humans, potentially
reinforcing its underlying assumption (Crawford, 2021). For example, the design of Al personal assistants such
as Alexa and Siri is inherently anthropomorphic (Pfeuffer et al., 2019), and they were given female names,

perpetuating discriminatory stereotypes of female secretaries and male bosses. Adam (2006) even argues that Al
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is a model of gender that reinforces women's subordination to men (Nadeem et al., 2022). This is a fundamental
question that Al literacy education should address to advance what it represents to be fully human. Given that the
learning content of Al thinking about data justice and ethics is often undermined in the framework and curriculum
design for young students (Touretzky et al.,2019), teaching them about the critical role of data in Al training

datasets is paramount (Mertala et al., 2022).

Al Literacy Primary Education

One of the biggest challenges is scaffolding Al concepts to primary school students engagingly (Yang, 2022).
There have often been unresolved debates over how young students’ engagement can be maximized when learning
about Al concepts (Sakulkueakulsuk et al., 2018) and what pedagogical strategies and learning tools are
appropriate (Steinbauer et al., 2021). Previous empirical research has indicated that Al learning content can be
taught through project-based (Narahara & Kobayashi, 2018; Ho et al., 2019), game-based (Voulgari et al., 2021)
and collaborative learning (Toivonen et al., 2020; Vartiainen et al, 20.20) with the use of constructivist
methodologies in primary school classrooms (Ho et al., 2019; Lee et al., 2020). These approaches align with
UNESCO reports that current Al literacy education reflects the dominant belief of constructivism and
constructivist ideologies (Miao et al., 2021). Although they are considered effective in encouraging students to
learn by doing according to their interests (Miao et al., 2022), they proposed that knowledge can only exist within
the human mind (Bada & Olusegun, 2015), which suggests the exclusion of other ways of knowing (Colucci-Gray
et al., 2019) and that it is not connected to the relationality of the embodied interaction (Dai et al., 2023), the
materials and natural world (Braidotti, 2019). In addition, this variation in pedagogy could also be influenced by
various factors in the teaching and learning process, such as students’ age, gender, background knowledge,

educational settings, and available learning tools.

Previous studies have also demonstrated that incorporating the arts into various disciplines, such as STEM
(acronyms of Science, Technology, Engineering, and Mathematics), can enhance girls’ interest (Martinez et al.,
2021; Ma et al., 2022), promote students’ participation at all ages (Papavlasopoulou et al., 2019) and help them
learn new knowledge and skills (Ballard et al., 2023; Kuri, 2020). Although the educational purpose of the arts
is to unlock students’ multiple perspectives by reviewing their roles in ongoing interactions and relationships with
other humans, non-humans, and the natural world (Colucci-Gray et al., 2019), an arts-based approach in Al

literacy learning is absent.

In the age of Generative Al, human and Al interaction is evident in almost all aspects of everyday life. Though
many children are digital natives who grow up while interacting with Al algorithms, most of them are still Al
illiterates. Children frequently treat Al models as black boxes, failing to understand computational thinking
concepts, underlying assumptions, or Al model constraints (Shamir & Levin, 2021; Burgsteiner et al., 2016).
However, there are increasingly more learning tools available, including hardware-focused learning tools such as
robots (Narahara & Kobayashi, 2018) and Raspberry Pi (Mathe et al., 2022); software-focused learning tools such
as Scratch (Li & Song,2019), intelligent agents such as Google Teachable Machine, Learning ML (Toivonen et
al., 2020; Rodriguez-Garcia et al., 2020); and unplugged activities such as role play (Henry et al., 2021). Even
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though algorithm bias can be visualized and taught at the primary school level (Narahara & Kobayashi, 2018;
Melsion et al., 2021), the majority of these tools are employed to scaffold the basic Al concepts and knowledge
to teach students about future Al consumers and users rather than critically understand the role of data for future
Al designers and creators (Ng et al., 2021). Given that early exposure to Al literacy can prepare students to adapt
to future needs (Burgsteiner et al., 2016), Al literacy education should be prioritized to build a future generation
that is digitally, globally, and socially responsible. Nonetheless, Al remains contested due to the scarcity of
research on what to learn, how to teach, and the effectiveness of pedagogical strategies and tools in teaching young

students in primary school settings (Steinbauer et al., 2021; Yang, 2022).

Al Curriculums and Activities Design Under Current Primary Educational Settings

Recently, many researchers have been designing, experimenting with, and advocating for an Al curriculum to be
included in the primary school curriculum. Many have worked with governments such as the Ministry of
Education of the People’s Republic of China (Dai et al., 2020), the Victorian Curriculum and Assessment
Authority of Australia (Heinze et al., 2010), the city-wide educational program in Israel (Shamir & Levin, 2021),
and the "Digital Technologies in Society curricula" of Slovakia (Tkacova et al., 2020). Others have worked closely
with non-governmental organizations, such as the AI4ALL initiative (Touretzky et al., 2019; Eguchi et al., 2021)
and the MIT Media Lab (Ali et al., 2019). Constructionism (Ali et al., 2019; Shamir & Levin, 2022) and the
AlI4K12 Five Big Ideas Framework (Tkacova et al., 2020; Eguchi et al., 2021) have been applied to design Al
curricula in current primary school contexts. Although previous researchers have identified the types of content
knowledge and theoretical frameworks to be included in school-based curricula for primary students, most studies
use subjective measures such as artifact assessments (Ali et al., 2019; Li & Song, 2019; Shamir & Levin, 2021),
self-reported surveys, and interviews (Chai et al., 2021a; Dai et al., 2020; Melsion et al., 2021) to understand their
learning outcomes. These measures reflect the inadequacy of measurable applications or evaluations of knowledge
mechanisms in assessing the quality of suggested methodologies for primary school students. According to
UNESCO 2022, evidence based on Al curriculum quality, suitability, and effectiveness is needed (Miao et al.,

2022). As a result, there is a need to expand on the existing work on Al in primary school contexts.

Research Gaps

The literature review reveals several gaps. First, Al education is primarily implemented at universities and
secondary schools. Despite the availability of more age-appropriate learning tools for young students, there are
insufficient efforts to promote the element of Al thinking with data justice and ethics. Second, many researchers
advocate for developing and implementing Al curriculum and activities to educate students about Al knowledge,
skills, and Al ethics issues from an early age; however, Al curriculum for primary school students is typically
limited. There is an urgent need to design age and content-appropriate curricula to enrich the existing literature.
While previous research has proposed various approaches to Al education, this study expands on the existing
studies using the arts-based approach. Moreover, since ethics and Al technology are inextricably linked, research
on incorporating Al thinking with the consideration of data justice and ethics into the Al curriculum is required.

Assessment suggestions on assessing students’ and teachers’ perceptions of Al literacy education, investigating
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the suitability of the curriculum, and evaluating Al literacy, typically lacking in previous studies, are also

developed in this study for improving learning outcomes.

The Researcher’s AI Curriculum Design

This section will describe the Al curriculum design administered by the researcher for the objective of this study.
It aims to explore a dynamic interaction of material and discursive learning settings — the entanglement of arts-
based Al learning contents, arts-based materials, and Al educational tools. Considering all humans and non-
humans and the nature of sustainable and inclusive Al literacy education, six learning modules are designed by
the researcher to empower students with Al knowledge, skills, and a critical mindset, together with Al attitudes

about Al thinking about data justice and ethics.

Al Curriculum Design for Primary Education

Based on the frameworks of the Five Big Ideas (Touretzky et al., 2019), an Al arts-based curriculum is designed
by adding the Sixth Big idea, Al thinking with data justice and ethics (Figure 1). It encourages students to consider
all humans and the nature of their study, reflect on the credibility of Al-based training and analytical techniques
in data justice and ethics, and understand how the Al dataset should be created and used critically to avoid bias.
Al thinking was first introduced by Zeng (2013) to harness cognitive computational data analytics, leading to
enhanced learning by interpreting new findings from the machine learning exploration of hidden data patterns
(How et al., 2020). It values the interwoven existence of human and non-human nature and its actions, promoting

a more equitable and sustainable Al literacy education for all.

Big idea 1: Perception - By using sensors, computers can perceive the world

Big idea 2: Representation and reasoning - Al agents have representations of the world for reasoning purposes
Big idea 3: Learning - Computers can learn from data

Big idea 4: Natural interaction - Al agents require various types of knowledge to interact with humans naturally
Big idea 5: Societal, ethical, and environmental impact - Al poses both positive and negative impacts.

Big idea 6: Al thinking with data justice and ethics - Al dataset should be created and used critically to avoid bias

Figure 1. The Big Six Ideas designed by the researcher (adapted and modified from Touretzky et al., 2019)
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As illustrated in the UNESCO report, Al literacy is an orientation of three main learning goals in Al curriculum,
namely 1) Al foundations (i.e., Knowledge), 2) Understanding, using, and developing Al (i.e., Skills), and Ethics
and social impact of Al (i.e., Attitudes and values to all humans, non-human and nature as proposed in this study)
(Miao et al., 2021 & 2022). The Al curriculum framework design for primary education of this study (adapted
from Su & Zhong, 2022) is then mapped to these three learning goals (Table 1).

Table 1. The Al curriculum framework (adopted from Su and Zhong, 2022)
Al Knowledge Al Skills Al Attitudes

K1: Definition of Al & examples
of Al S1: Using Al tools Al: Societal impact
A2: Global and Environmental
Impact
A3: Dialogic and collaborative
K2: The SIX Big Ideas in Al S2: Computational Thinking with Al and humans
S3: Communication and
K3: Machine Learning Collaboration
S4: Critical Thinking and

Problem-Solving

K4: Al Applications S5: Creativity
S6: Al Thinking with data justice
K5: Al Ethics and Data Justice and ethics

The structure of the Al primary curriculum consists of six modules, which lasted for twelve weeks (Table 2). The
six modules are 1) Basic Al, 2) Machine Learning, 3) Teachable Machine, 4) Al Applications and Implications
5) Group Arts-Project, and 6) Group Presentation and Dialogic Learning. Each module is designed with two 1.5-
hour sessions. Each session has specific learning goals, learning tools, activities, and suggested assessment
methods (Table 3).

Table 2. The structure of the arts-based Al primary curriculum

Attitude -€Ve! Of
Modules Knowledge Skills Difficult Sample Learning Activity
s/ Value y
Modyle 1: K1, K2 S5, S6 Al, A2, 1 Turing test, “Imaginc_e .AI and arts-making”
Basic Al A3 activity
“Quick and Draw” activity
https://quickdraw.withgoogle.com;
Module 2: “Confusing the AI” activity, “Biasing the AI”
Machine K1, K3, K4, K5 Ssé SS% AlAg‘z’ 2 activity
Learning ’ MachineLearningforkids, RaspberryPi
https://machinelearningforkids.co.uk/
https://www.raspberrypi.com/
Module 3: K1, K3, K4, K5 S1,S2, Al, A2, 2 “Dance with the codes” activity
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Teachable S5, S6 A3 Google teachable machine
machine https://teachablemachine.withgoogle.com/
“Draw Bot” activity
Video, digital books and related learning
material (e.g Better off Ted “Racial sensitivity”,
Module 4: Al “Fake Obama”)
L ) y— .
applications K1, K3, K4, K5 S1,S2, Al A2, 2 https://www.youtube.com/watch?v=XyXNmiTlu
and S5, S6 A3 pg
implications https://www.youtube.com/watch?v=AmUC4m6
wilwo
Youtube redesign
https://www.media.mit.edu/
Module 5: K1, K2, K3, s, 52, Al, A2, Al computer vision car,
Group Arts- S3, $4, 3 . . .
. K4, K5 A3 Al arts generation, computer visions and virtual
based Project S5, S6 L
space applications
Module 6:
Group S1, 82,
Presentation K1|’<4Kzl’<5K 3 S3,54, Al A2 3 Al computer vision car
and Dialogic ' S5, S6
Learning
Table 3. Six modules of Al primary curriculum
Module Lesson Goals Pedagogical strategies  Assessment suggestions

Module 1: Basic Al

) Knowledge test, survey,
Understand the what Al is, the

history of Al, why now, any Arts-based

interview

. . L. Artifacts- and arts-
misconceptions, and Six Big Ideas
process assessment

Module 2: Machine

Learning

Understand what is ML, how )

) . ] Artifacts, and arts-
machines learn, the critical role of Arts-based, project-based

o . process -assessment
data (justice and ethics)

Module 3: Teachable

machine

Apply with understanding of who
can use ML, how ML is used, Why )

) ) ) Artifacts, and arts-
ML is used, and the importance of Arts-based, project-based

o ) process -assessment
Al thinking in relation to data

justice and ethics

Module 4: Al
applications and

implications

Understand, Create, and Evaluate

the technologies underlying Al

applications as well as their ] Knowledge tests,
o ] Arts-based, project-based ) .

humanistic, societal, global surveys, interviews

environmental, ethical, and data

justice implications

Module 5: Group Arts-

based project

Applying knowledge, skills, and )
) ) ) ) Artifacts, and arts-
attitudes in group projects and Arts-based, project-based
. . process -assessment
solving a real-world challenge with
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the consideration of humans, non-

human and nature orientation

Module 6: Group .
. Collaborate with humans and .
Presentation and Project-based
o ) computers, be a problem solver
Dialogic Learning

Module One- Basic Al

The basic Al concepts will be introduced to primary students in the first module. Through the exploration of
dynamic interactions of material discursive learning settings, the objective is to build a conceptual understanding
of what Al is, understand the misconceptions, the history of Al, and the reasons for learning about Al literacy.
The researcher designs the activities to allow the entanglement of arts-based Al learning contents, materials, and
Al educational tools. For example, to recognize that learning can be a collective process of knowing, doing, and
being (Barad, 2007), the activity of “Imagine Al and arts-making” is designed (Figure 2). It allows understanding
of students’ perceptions of Al (Mertala et al., 2022). The tools and platforms such as “Quick and Draw”
(https://quickdraw.withgoogle.com/) are introduced (Tkacova et al., 2020), which adopts a neural network
artificial intelligence to guess what the drawings represent. Pietikdinen and Silven (2022) argue that the history
of Al and the Turing Test is important as they can clearly explain what Al is and demonstrate the machine's
intelligent behavior, equivalent to humans’ (Figure 3). As such, educational tools such as ChatGPT will be used
in the “Turing Test” activity for dialogic learning to enhance students’ understanding of Al, data justice, and ethics

issues.

? Human
.

- —

Interrogator

Figure 3: Turing Test (Pietikdinen and Silven 2022)
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Module Two: Machine Learning

The learning objective of the second module is to understand what machine learning is, how machines learn with
demonstrations and examples, and to evaluate or create a machine learning model to minimize any potential bias
in the training datasets. Machine learning focuses on the use of data and algorithms to mimic how humans learn
and improve automatically through experience, which is considered as a vital part of future computational skills
(Jordan & Mitchell, 2015). Instead of relying on the explicitly hand-coded (e.g.if-then rules), many machine
learning initiatives focus on using open-ended tools to guide primary students to train machine learning models
by scaffolding the machine learning concept (Voulgari et al., 2021). “Machine Learning for Kids” allows students
to understand basic block programming and explore the machine learning classification (Lane, 2021), while the
use of Raspberry Pi helps to explore the machine learning data and its application (Norris, 2020). As machine
learning is a subset of Al, a type of data-driven thinking, it aids the development of decision-making models based
on various mathematical data sets, such as computer vision, face, voice, and text recognition (Webb et al., 2021).
The “Confusing The AI” and “Biasing The AI” projects (Lane, 2021) will allow students to understand the
unintentional and intentional bias involved in the data training that humans provide. The artifacts of their training

models can be used as data collection for Al assessment.

Module Three: Teachable Machines

In the third module, the Google teachable machine will be introduced to students for creating and applying
machine learning models. The learning objective is to allow students to understand who can use machine learning,
how and why machine learning is used, and how Al thinking considers data justice and ethics. Google Teachable
Machine is a viable and appropriate tool for students with little or no prior programming or related experience to
learn Al (Prasad et al., 2022). Toivonen et al. (2020) reveal that using Google teachable machines to teach
convolutional neural networks to classify images, voice, and text for understanding ML concepts in a primary
school context is technologically and pedagogically feasible and effective. It is a web-based solution that
combines powerful classification algorithms with an easy-to-use graphical user interface. It allows students to
apply their knowledge, be actively involved in the machine learning training process, and become a designer and
creators of their education (Prasad et al., 2022). This module will then adapt Carney et al. (2020) to use Google
teachable machines for students to create, use their classification models, and explore enhancing the model’s
accuracy (Figure 4). The assessment can be drawn from the prediction accuracy of Google Teachable Machine

based on the work of students (Figure 5).

S—l

ZREEamn

Figure 4. Teachable Machine Interface (Carney et al., 2020)
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Figure 5. Teachable Machine Training Steps (Carney et al., 2020)
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Module Four: Al applications and implications

Al has been applied in almost every aspect of life such as medical care, education, transportation and economy
(Sestino & De Mauro, 2022). The learning objective of module four is to allow students to understand the
technologies underlying Al applications as well as its humanistic, societal and ethical implications (Kaspersen et
al., 2021). “Draw Bot” activity is designed to show students the Al light sensors embedded, which can be used
for drawing line detention and the limitations of Al in relation to the data. Videos and digital books about the
related Al applications learning resources will also be used in class. For example, the video of “Better off Ted
Racial Sensitivity” illustrates the critical role of Al data justice and ethics by exploring the issue of Al aggravating
existing social and racial discrimination in society. The video of “Fake Obama” that was created by the researcher
of New York University which used Al tools to put any words into the synthetic Barack Obama’s mouth
(https://www.youtube.com/watch?v=AmUC4m6w1wo) will also be discussed. Students will engage in high-order
thinking activities such as group discussions, opinion lessons and debates. “Youtube redesign” will be introduced
to students to allow them to apply what they have learnt and construct an ethical matrix of Youtube
recommendation algorithms. Through the identification of stakeholders and their values in algorithms, Al societal

and ethical implications can be explained (Akgun & Greenhow, 2021).

Module Five: Group Arts-based Project

The learning objective of module five is to assemble and construct an Al intelligent vision car that allows students
to apply their knowledge in a collaborative arts-based project to solve real-life challenges. Through the “Dance
with codes" activity, students are introduced to the concept of Al algorithms and coding and designing steps for
Al strategy to complete a task. An Al computer vision car will then be introduced in this module (Figure 6). Itis
a robotic vehicle kit based on a graphical, block, and Python program. It requires students to assemble and train
the model with road signage, number, color, tag, and landmarks recognition data. The teaching task decomposition
and teaching points of this project are shown in Table 4. Students will be asked to form a group and design an Al
road map with safety measures with human and non-human orientations for an Al self-driving game to
demonstrate their application of knowledge, skills, and attitudes. Through peer collaboration and dialogic human-
computer interactions, it provides opportunities for students to engage in high-order thinking and examine the
power and threats of Al.

Figure 6. The example of “Al Computer Vision Car”
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Table 4. The teaching decomposition of “Al Computer Vision Car”

Project Teaching task decomposition Teaching Points

A hands-on project to stimulate students'
. . interests to learn, collaborate with teams and
assemble and construct a Al intelligent

Al - be a problem solver as well as know how to
vision robot car - .
communicate across different technology
platforms.
- use block-based programming that allow
Computer Vision . . .
Car Block-based programming students to dev_elo_p thelr computational
thinking skills
Al recognition such as Road Signage, Allow students to input data to train the
Number, Color and tag/landmark model to recognize Road Signage, Number,
recognition Color, Tag and landmarks recognition

Apply Al recognition, students design their
Al traffic map for Al computer vision car
Al vision tracking game so as to enha_mce_ student ability of
comprehensive application of knowledge as
well as understand the Al thinking in
relations to data justice and ethics
Through learning from design. Dialogic
learning with Al and all humans. Students
Al ethics and data justice should be able to understand the benefits and
threats of this Al computer vision car to
society

This curriculum design has incorporated projects with arts-based pedagogy in the learning process. This project
is adopted from the seven-phase project-based learning model of Jalinus et al. (2017), which summarizes the core

elements to enhance students’ competencies through real learning experiences following problems and needs
(Table 5).

Table 5. Seven-phase project-based learning (adopted from Jalinus et al., 2017)

Project- Seven Steps Using Al Computer vision car as an example
based
learning
Skills 1. The By using a contextual teaching and learning approach and motivate
Competenc formulation of students to make connection between the knowledge and the real world
y expected outcome  situation (e.g. the conceptual understanding of Al algorithms and codings
debriefing are introduced through embodied interaction and dance)
2. Understanding Students actively involved in discussions about Al Computer vision car
the teaching and its functions being studied as an instructional media (e.g.Al vision for
materials color, label and number recognition)

3. Skills training ~ Through demonstration and practice, students master the technical content
and operational machinery skills before carry out the project tasks
(e.g.graphical, block and Python programming)

Project 4. Designing the Discuss, identify and define the real-world challenges as the theme of the
work project theme project tasks through sources of information such as interviews and
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internet sites. ( e.g. students design the Al roadmap with safety measures

in relation to human and non-human orientation for Al computer vision

cars).
5.Making the It consists of problems and solutions, availability, cost and suitability of
project proposal resources for production.
6.executing the Practical activity required team works, carry out the learning process
tasks of project s through inquiry investigation and constructing work on project tasks

Evaluation 7. Presentation of Students present own perception, evaluate one another critically, learn

the project report from feedback and reflection

Module Six: Group Presentation and Dialogic Learning

The last module aims to provide an opportunity for students to share their collaborative production experience by
creating complex artifacts and presenting their solutions in physical and virtual collaboration spaces (Figure 7).
Students will be asked to form a team to promote collaboration and communication. They must formulate the
expected outcome, understand the teaching materials, practice skills, create Al arts, design the project, and execute
it following their roles. Encouraging students to construct their artifacts for assessment, examine and question
the trustworthiness of Al applications, and present their solutions in real-life context skills (Long & Magerko,
2020) and in virtual space can develop their critical thinking and problem-solving. Reflection on their dialogic
learning process with Al and peers and presentation of their artifacts can demonstrate their Al literacy

development while improving social interaction.

Figure 7: Collaborative arts-based projects presentation and dialogic learning

Suggestions on Assessment

As suggested by UNESCO (Miao et al., 2021 & 2022), the goals and learning outcomes of Al curricula should
focus on the knowledge, values, and skills needed not only for schools but also for work and life in the Al era.
Researchers face challenges in scaffolding young students to understand Al concepts due to technical complexity
and the fact that most students do not have prior Al knowledge (Steinbauer et al., 2021). As Al learning
assessments have not yet been rigorously validated (Su et al., 2022), this study suggests using a mixed method

not for selection but for improving learning and teaching for sustainability.
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First, pre and post-tests are designed by the researcher based on the arts-based Al curriculum to assess students's
knowledge (Table 6), which can become an effective assessment method to understand their learning outcomes
in Al knowledge and skills (Lin et al., 2020). Second, it is found that students need to have self-efficacy, Al
readiness, Al for social goods, and behavioral intention to promote the development of their Al literacy (Ayanwale
et al., 2022; Chat et al., 2021a). They acknowledge teachers’ and students’ perceived readiness to teach and learn
Al, respectively, and their willingness to be engaged in Al literacy education in the long run (Chai et al., 2020g;
Chai et al., 2021). Third, interviews with teachers are needed to support their voices for the readiness of Al literacy
teaching (Clark, 2011), as teachers’ efforts and classroom practices are indispensable in Al education (Roll &
Wylie, 2016). Fourth, an artifacts creativity process assessment is recommended. This assessment is an
observation based on the international OECD assessment rubric for evaluating the arts-making and learning
process and the artifacts so that teachers can give feedback, understand students’ performance, and propose better
teaching strategies (Vincent-Lancrin et al., 2019). A diversity of assessment methods is suggested to bridge the
learning gap following students’ demonstrated needs. At the same time, these measurable applications can

triangulate students’ Al literacy learning outcomes (Kandlhofer et al., 2016).

Table 6. Al Knowledge Test designed by the researcher

Knowledge Test Questions Correct Answer
1. All robots are Artificial Intelligence? FALSE
2. Which of the following is (are) correct? (O, (1) and (111)

(D) Artificial means “non-human” -
(IT) Artificial means “not just machine” -
(IIT) Intelligence means “intellectual power such as strength, speed, specific knowledge a -
particular task required”

(IV) Intelligence means “omniscient, all knowing and perfect” -

3. Which of the following is (are) the Big Six ideas of Al (D)

A. Perception, representation and reasoning, -

B. Learning, natural interaction, -
C. Al thinking with data justice and ethics -
D. All of the above (correct answer) -

4. What does the “Imagine Al and arts making” project help you to understand? (A)
A. The conceptual understand of what is Al literacy meant to me (correct answer) -
B. The history of Artificial intelligence development -
C. The limitations of Al -

D. The Al technologies are ubiquitous in daily lives -

5. What does the “Quick and Draw” Al applications help you to understand? (0, (1) and (1)
(). An online game developed by Google -
(). It challenges me to draw a picture of an object or -

(1M). 1t uses a neural network artificial intelligence to guess what my drawings represent -

6. What does the “Draw Bot” Al educational tool help you to understand? (0, (1) and (1)
(I). A robot that follows the black line I draw -
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(11). Light sensors help to trace Draw Bot detect and trace the black trail automatically

(11). 1 can learn while drawing

7. What does the “Dance with the codes” project help you to understand?
(). The conceptual understand of what is artificial intelligence algorithm (correct answer)
(11). The steps to Al strategy to complete a task

(11). How does coding work

(1), (I1y and (111

8.Who is the father of Artificial Intelligence?

Alan Turing

9. What kind of jobs will not likely be replaced by Atrtificial Intelligence
A. Taxi driver

B. Warehouse worker

C. Computer Scientist (correct answer)

D. Customer service representative

(C)

10.Which of the following test can examine whether a machine is intelligent?

Turing Test

11.Which of the following is the reason for promoting the development of Al?
A. Big data, and increased computing power

B. The development of cloud network

C. The cost of hardware has lowered.

D. All of the above (correct answer)

(D)

12. Which of the following innovative applications is ( are) promoted by Artificial

intelligence and machine learning ?

A. Facial recognition
B. Natural language processing
C. Virtual assistants

D. All of the above (correct answer)

13.A simple Atrtificial Intelligence neural network has at least layer(s)

Three

14. Which of the following applications uses Al technology?
A. Self-driving car

B. ChatGPT

C. Drawing Bot

D. All of the above (correct answer)

(D)

15. Which of the following is the main machine learning method used by Google

Teachable Machine?

Supervised

learning

16. Which method of Machine Learning is used for Alpha Go

Reinforcement

learning
17. Which of the followings can be data sets of Artificial Intelligence? (D)
A. Text, Words, Symbols -
B. Image -
C. Voice -
D. All of the above (correct answer) -
18. Put the event of machine learning in a correct order machine learning 3.1.24
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1) Pattern recognition -
2) Key features extraction -
3) Data collection -

4) Decision making -

19. What should we consider when using Al applications? (D)
A. The purpose and necessity of data collection -
B. The protection of the personal data privacy -
C. The safety storage of data -
D. All of the above (correct answer) -

20. Which of the following industries use Al-enabled applications? (D)
A. Banking industry -
B. Law and legal services -
C. Human resources -

D. All of the above (correct answer) -

21. Which of the following is (are) the potential problem of Al-powered language model
such as ChatGPT?

A. Accuracy problems (D)
B. Discrimination and bias response -
C. Plagiarism and cheating -
D. All of the above (correct answer) -

22. What does the “Confusing the Al project” help you to understand (D)
A. Machine learning systems are not perfect or all-knowing -
B. Unintentional bias are introduced by the training that human give them -
C. It is important to have variation in training sets -

D. All of the above (correct answer) -

23. What does the “Biasing the Al project” help you to understand (D)
A. Intentional bias are introduced by the training that human give them -
B. The societal and ethical issues related to how Al systems are used -
C. Itis important to have a transparency and disclosure of how machine learning systems -
are trained

D. All of the above (correct answer) -

24 What are the most common issues about Artificial Intelligence (D)
A. Data Bias and injustice -
B. Black box in nature -
C. Require Big Data for potential exploitation of human and natural resources -

D. All of the above (correct answer) -

25.Which of the following tool(s) or application(s) can be used to create machine learning (C)
models

A. YouTube -

B. Draw Bot -
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C. Machine learning for kids (https://machinelearningforkids.co.uk/) (correct answer) -

D. Quick and Draw (https://quickdraw.withgoogle.com/) -

Findings and Discussions

Summary of findings

The study's findings reveal the learning content of Al curriculum design from a holistic perspective with the
appropriate pedagogical strategy and assessment mechanism in its implementation in primary school settings.

First, this curriculum design has incorporated the domains of learning content, which are 1) Basic Al, 2) Machine
Learning, 3) Al technologies such as teachable machines and 4) Al applications, 5) Al societal, ethical, and
environmental implications through engaging students to learn Al literacy as well as 6) the Al thinking with the
consideration of data justice and ethics in group projects. Previous studies reveal that Al foundations for
knowledge (Chai et al., 2021; Lee et al., 2020), use and application of Al skills (Ho et al., 2019; Li & Song, 2019);
the machine learning principles and application (Shamir & Levin, 2021; Toivonen et al., 2020), and Al thinking
with data justice and ethics (Akgun & Greenhow, 2021; Melsion et al., 2021) are important learning content that

should be included in Al education at the primary school level.

Second, the findings reveal that arts-based is an age-appropriate and engaging strategy often absent in Al literacy
learning. At the same time, projects are often used to scaffold Al concepts such as rule-based if-then statements
and big data concepts (Ho et al., 2019) and to demystify machine learning principles (Toivonen et al., 2020). It
offers authentic experiences and promotes active learning, such as controlling a toy car on a physical track to learn
about convolutional neural networks (Narahara & Kobayashi, 2018) and building a number-guessing robot to
understand the optimization algorithm of machine learning (Ho et al., 2019). Toivonen et al. (2020) conducted a
series of co-design machine learning projects with primary school students using teachable machine learning.
These projects are well-received. The result validates that a teachable machine is an effective tool in teaching
machine learning principles such as training data sets, prediction accuracy, and class labels, even for primary

school students.

Thirdly, under the current primary landscape, self-report surveys (Chai et al., 2021; Dai et al., 2020), artifact-
based assessments (Li & Song, 2019) and interviews (Lee et al., 2020; Ottenbreit-Leftwich et al., 2021) is often
used in data collection procedures, whereas the use of games and competitions (Voulgari et al., 2021) has
increased in data collection for assessment purposes. These studies reveal the inadequacy of rubric-based and
evaluative mechanisms to analyze artifacts created by the students. Apart from Ali et al. (2019), who mentioned
the Torrance test for assessment, only a few studies used pre- and post-test or knowledge measures (Rodriguez-
Garcia et al., 2021; Toivonen et al., 2020) to assess the learning outcomes of Al literacy. To assess students' Al
literacy, this study reveals that a mixed method, including interviews, artifacts assessments, pre- and post-
questionnaires, and knowledge tests, could be used. It is expected that measurable applications, in conjunction
with qualitative evidence of this assessment suggestion, can triangulate students’ Al literacy learning across

affective, behavioral, and cognitive domains.
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Discussions

This study aims to design a holistic Al curriculum framework, as well as a pedagogical strategy and assessment
method, to promote Al literacy among primary school students and inspire them to create projects using Al
technology. Previous studies focus on Al learning tools and platforms such as Google Teachable Machine
(Toivonen et al., 2020) and LearningML (Rodriguez-Garcia et al., 2020). Still, the design of Al curriculum and
activities for young students have received less attention (Chiu & Chai, 2020). This study designs an Al
curriculum with the inclusion of six modules, which are 1) Basic Al; 2) Machine Learning; 3) Teachable Machine;
4) Al Applications and Tools; 5) Group Arts-based Project; and 6) Group Presentation and Dialogic Learning.
The proposed Al curriculum is believed to enhance students’ Al knowledge and literacy skills. The collaborative
nature of the arts-based learning approach helps students to develop 21st-century skills such as collaborative skills,

communication skills, critical skills, and problem-solving skills (Colucci-Gray et al., 2019).

This study also designs an Al curriculum for primary education, which incorporates three main learning
orientations: Al knowledge, skills, and Al thinking with data justice and ethics as well as its societal, ethical, and
environmental impacts. Bozkurt et al. (2021), who reviewed studies of Al education from 1970 to 2020, showed
a dearth of literature dealing with Al ethics. There should be a stronger emphasis on Al ethics in Al literacy
education. This curriculum framework assists in the improvement of the teaching of Al ethics to young children
to combat disinformation and bias (Kandlhofer et al., 2016), educate on Al-ethics issues (Ali et al., 2019), and

embrace the value of human creativity (Ouyang & Jiao, 2021).

This study proposes various assessment methods with goals other than selection, specifically ensuring sustainable
learning for work and life in the Al era (Miao, 2022) and bridging the learning gap by demonstrating needs.
Furthermore, in addition to pre and post-tests for Al knowledge, the content suitability of Al curriculum surveys
designed by the researcher and a diversity of assessment methods such as perception questionnaires, interviews,

and artifact assessments may be considered.

Conclusion and Limitations

Al literacy education in the primary education context is still in its infancy. This study proposes future directions
for researchers and educators by designing an Al primary education curriculum with the critical role of data in
learning content, arts-based pedagogical strategy, teaching activities and learning tools, and assessment
suggestions. It incorporates three main learning orientations: Al knowledge, skills, Al thinking for data justice,

and attitudes, which allow students to meet the needs of the 21st century.

This study has two major contributions. First, by adding the new element of Al thinking with the considerations
of data justice and ethics into the existing theoretical Al literacy framework, this research presents a holistic and
inclusive Al curriculum for primary school students, with the considerations of all humans, non-humans, and
nature. Second, this curriculum can demystify Al concepts and skills traditionally taught at secondary schools

and universities. The educational implication is that it may empower students with the agency for critically
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creating and evaluating Al models while considering minimizing any potential bias and its societal, ethical, and
environmental implications. Since studies on Al curriculum in primary education are insufficient in the existing
literature, this study serves as a valuable reference and guideline for future researchers. Furthermore, using a
group arts-based pedagogical approach, this study empowers students with Al literacy, inspires them to create

projects using Al technology, and be responsible Al citizens in the Al era of the twenty-first century.

This study presents a well-designed arts-based Al primary curriculum with an arts-based pedagogy and the
inclusion of Al thinking for data justice to scaffold knowledge, skills, and attitudes to primary school students.
However, there is no data to support the effectiveness of its implementation, nor does it provide results indicating
reliability and validity. Although many researchers and governments have realized the importance of making Al
literacy education accessible for all, the curriculum design still needs a rigorous examination and regular
evaluation. Evaluation methods such as pilot testing, expert reviews, and external evaluation can help develop

ways to enhance the pedagogical and instructional design of this proposed Al literacy curriculum.
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Chapter 6 - A Model of Pedagogical AI-Enabled Smart Learning Environment
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Chapter Highlights

Y

This chapter explores how advancements in smart and mobile technologies are reshaping traditional
learning environments. It delves into the concept of smart learning environments, which adapt and
provide support to learners based on their individual behaviors and needs.

It discusses the role of technology in personalizing learning experiences, emphasizing the importance of
adapting content, providing feedback, and addressing real-world contexts to meet the diverse needs of
learners.

This section reviews various models of smart learning environments developed in the literature,
highlighting their strengths and limitations in terms of pedagogical support and learning visualization.
The chapter introduces a novel model, the "Pedagogical Al-Enabled Smart Learning Environment.” This
model integrates pedagogical support, learning visualization, and Al technologies to provide a
comprehensive framework for inclusive learning experiences.

The chapter outlines the cyclical learning process within this new model, which includes learner
profiling, pedagogical support, adaptive content, performance evaluation, learning visualization, and
learner support. It describes how these components work together to enhance the learning experience.
The chapter also highlights how emerging technologies like smart cameras, cloud storage, virtual labs,
and smart web interfaces can enhance the teaching and learning process within this new smart learning
environment.

It concludes by discussing potential future developments, such as the integration of augmented reality
and Al algorithms, to further enhance the pedagogical Al-enabled smart learning environment and

provide accurate support for learners' needs.
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A Model of Pedagogical Al-Enabled Smart Learning Environment

Abstract

The advancements in smart and mobile technologies are changing the design of learning environments. These
technologies can create a smart learning environment that can personalize learning content for different learners
based on their learning behaviors and needs. A smart learning environment uses technology to modify and give
relevant assistance in the right places and times based on individual learners' learning behaviors. This can be
discovered by examining their learning behaviors, performances, and the real-world circumstances in which they
find themselves. Several smart learning environment models have been developed based on distinct foundations
and research perspectives to serve varying learning demands. However, a well-defined model that explicitly
includes pedagogical support and learning visualization modules to assist learners in the learning process for
inclusive experiences is lacking. This chapter combined pedagogical support and learning visualization with the
modules in a smart learning environment to develop a novel model known as a pedagogical Al-enabled smart
learning environment. This integrated model can provide learning support and skill development and drive the

design of a learning environment for inclusive learning experiences.

Introduction

The increasing developments in learning analytics, sensing, smart, mobile, and wearable technologies are
changing the sphere of the learning environment. These technologies can be used to develop a smart learning
environment that can provide a personalized adaptive system to support diverse learning behaviors (Garcia-Tudela
et al., 2021; Peng et al., 2019;). A smart learning environment is " a technology-supported learning environment
that makes adaptations and provides appropriate support in the right places and at the right time based on
individual learners’ learning behavior and needs” (Hwang et al., 2008). This might be determined by analyzing
their learning behaviors, performances, and the real-world contexts in which they are situated. The idea of a one-
size-fits-all class has not effectively delivered the learning needs of students in a contextual setting (Egielewa et
al., 2021; Zhu et al., 2016). Thus, several research works have advocated for designing a learning environment
that can provide personalized learning content based on learner learning behavior to provide inclusive learning
experiences (Egielewa et al., 2021; Khan & Alotaibi, 2021; Serbia & Loan, 2020).

Several models of smart learning environments have been developed based on various foundations and research
perspectives to support diverse learning needs (Egielewa et al., 2021; Hwang, 2014; Rosmansyah et al., 2022;
Serrano et al., 2021; Zhu et al., 2016). However, there is a lack of a well-defined model that includes pedagogical
support and learning visualization to support the learning process for inclusive learning experiences. Hwang
(2014) developed a model of a smart learning environment with the following learning modules: “An adaptive
learning content, learning performance evaluation module, adaptive learning task module, personal learning
support, and inference engine.” The literature has used and referenced the model to develop a smart learning
environment. However, the model lacks explicit integration of pedagogical support and learning visualization
modules to guide the learning process and provide a means for evaluating learning performances. The question
addressed in this chapter is: How can a pedagogical Al-enabled smart learning environment model be developed

to provide learning support for inclusive experiences? Addressing this question will provide insights into how the
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learning modules in a smart learning environment are integrated with pedagogical support and learning

visualization to support skills and knowledge development for inclusive learning experiences.

Theoretical Background and Related Works

Smart Learning Environment

The advancement in smart, mobile, and wearable technologies is transforming how people compute and interact
daily. These technologies are transforming the design of learning environments into smart learning environments
capable of personalizing inclusive learning experiences. A smart learning environment considers a learner's
characteristics and tailored learning content and offers feedback on the learner's learning process (Chen et al.,
2016; Hwang, 2014). The smart learning environment and the smart devices can interact with a learner and make
learning decisions based on the learners’ actions. Data analytics can provide learners success by visualizing their
learning progress, and tutors can utilize it to deliver helpful feedback by providing personalized assistance. Smart
learning environments provide tailored learning materials, supportive tools, and learning ideas at the appropriate
time and format for inclusive learning experiences (Freigang et al., 2018; Garcia-Tudela et al., 2021; Peng et al.,
2019).

A smart learning environment is a hybrid learning system that provides learners and other stakeholders with a
motivational learning process while simultaneously achieving learning outcomes due to intelligent tools and
techniques. This emerging learning environment can support learning diversities (Rosmansyah et al., 2022). It
comprises contextual awareness, location awareness, real-world scenarios, recommendation systems, numerous
engagement channels, assistance, personalization, and adaption (Hwang, 2014). Learners are more motivated to
attain their goals when these features support inclusive learning experiences (Egielewa et al., 2018; Serbia &
Loan, 2020).

Smart Learning Environment and Pedagogical Approach

The rapid development of advanced technologies enables flexible and efficient learning processes based on
students’ behavior. This process permits mixing content knowledge and skills to understand learners’ needs (Dash
et al., 2017). Students produce understanding through critical thinking and learning skills, which are significant
to fostering learning abilities. Students accept learning processes and skills development that match their learning
needs (Hwang, 2014; Khan & Alotaibi, 2021; Rosmansyah et al., 2022). In traditional education, these differences
are less concerning as the learning content design is “one-size-all” (Shunk, 2002; Westbrook et al., 2014).
However, this practice is ineffective in meeting individual students' learning experiences (Egielewa et al., 2021;
Serrano et al., 2021; Zhu et al., 2016).

Thus, a new pedagogy should consider the needs and allow for active engagement of students, skills development,
collaborative model of teaching and learning, learner responsibilities, interests, preferences, and intrinsic
motivation that promote personalized expertise among students (Canter, 2013; Egielewa et al., 2021; Zhu et al.,

2016). It means both self and peer assessments are useful for formative evaluation. In contrast, peer assessment
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involves students taking responsibility for assessing the work of their peers. This kind of assessment can offer an
opportunity for engagement and is a powerful strategy for reinforcement of learning and skills development. It is
crucial to advocate for integrating technology and pedagogy to establish a cohesive ecosystem that offers
continuous and immediate documentation of knowledge advancements while fostering the development of skills
that can be effortlessly transferred to learners as they transition between different learning environments (Chen et
al., 2016). Furthermore, a smart pedagogy that provides opportunities for collaboration, peer assessment, critical
thinking, and self-assessment must be integrated into the design of a smart learning environment for active
learning engagement (Chen et al., 2016; Egielewa et al., 2021). More specifically, pedagogies such as self-
regulated learning processes, social constructive learning, Collaborative learning, reflective and inquiry-based
learning processes, etc., can support active engagement in a smart learning environment. These pedagogies have
supported interaction and engagement in a learning process. They can support the needs of digital learners who
need not only knowledge but skills for high-order thinking to contribute to the development of a society and
workforce (Cao et al., 2020; Igbal et al., 2020; Nguyen et al., 2022; Rosmansyah et al., 2022).

Models of Smart Learning Environment

Several models of a smart learning environment have been discussed in the literature that can support personalized
adaptive systems for inclusive learning experiences (Garcia-Tudela et al., 2021; Khan & Alotaibi, 2021; Peng et
al., 2019; Rosmansyah et al., 2022; Serbia & Loan, 2020; Serrano et al., 2021). These models were developed

from various foundations and perspectives, providing bases for research and discussion.

Rosmansyah et al. (2022) developed a simple model of a smart learning environment based on mapping existing
smart learning environment models, frameworks, and best practices. The components of this model are standard
policy, curriculum (represents the philosophical and ideological foundation of education), domain module
(contains learning material), learner module (learner behavioral characteristics), pedagogy module (learning
process), interface module (collaboration & communication), and supporting resources (administrative & support
policies). Similarly, Khan Alotaibi (2021) developed an architecture of a smart learning environment based on
soft computing. This architecture comprises user learning data, Al and agents, and smart learning-based tools.
The goal of the model is to use Al-based technology to process user inputs. Additionally, it serves as a platform
for managing inputs, reports, and data analysis tools. While these models provided components for designing a
smart learning environment, they lack a well-defined structure and how they can be connected and modeled to

provide a pedagogy for supporting personalized adaptive learning experiences.

Serba and Loan (2020) created QLearn, a web-based smart learning environment. This smart learning environment
provides useful feedback and excellent exam preparation. It is based on a collaborative game-based learning
technique that enables students to create learning experiences. The QLearn quantifies students' coverage rate of
the course material or the level of knowledge supplied. The Al component of QLearn analyzes these measures to
forecast students' exam results, determine which topics need more practice, and offer learning strategies based on
individual students' needs. Moreover, Vesin et al. (2018) proposed and developed a model for a programming

tutoring system (ProTus). It is intended to offer students personalized courses in a range of subjects. The

94

~
| S—



Empowering Education: Exploring the Potential of Artificial Intelligence

interactive system enables students to use instructional materials created for various courses and assess their
learning progress. The model is made up of the following modules: interactive visualizations (learning activities
based on a collection of disparate data sources), personalization (creates recommendations of learning resources
for each student and tailors the content to a specific learner), and customization (allows students to change the
look of the user interface by displaying or hiding internal frames and turning off/on recommendations). In
addition, Hwang (2014) developed a model of a smart learning environment based on the characteristics and
capabilities of technology, which consists of the following modules: “An adaptive learning content, learning
performance evaluation module, adaptive learning task module, personal learning support, and inference engine.”
These models provided the theoretical background for a smart learning environment. However, the modules are
not integrated and lack pedagogical support and learning visualization to guide the learning process and monitor

learning progress.

Thus, it is clear from the literature that research in the smart learning environment is increasing, and the need for
developing an Al-enabled learning environment is at the forefront. Additionally, the need for designing intelligent
learning environments to inspire various learners while considering their abilities, learning preferences, and
interests is increasing (Hoel & Mason, 2018; Rosmansyah et al., 2022; Spector, 2014). However, there is a lack
of a well-defined model of an Al-enabled smart learning environment supported by a pedagogy to guide the

learning process and learning visualization to monitor learning progress

Pedagogical AI-Enabled Smart Learning Environment

Several applications of a smart learning environment have been discussed in the literature to support personalized
adaptive systems for inclusive learning experiences (Freigang et al., 2018; Hwang, 2014; Khan & Alotaibi, 2021;
Rosmansyah et al., 2022; Serbia & Loan, 2020; Serrano et al., 2021). However, most of these applications lack
specific models underpinning their development. Furthermore, most models lack a pedagogy to guide the learning
process and explicit integration of Al. There is a scarcity of a well-defined pedagogical model of a smart learning
environment that integrates pedagogical support and learning visualization modules to guide the learning process
for inclusive learning experiences. Hwang (2014) provided the foundation for developing a model of a smart
learning environment for supporting inclusive learning experiences. However, this model lacks the integration of
pedagogical support, learning visualization, and explicit integration of the Al-enabled learning process.
Furthermore, the structure of the model is not well-defined to support a pedagogical process. There is a need to
include pedagogical support and learning visualization that supports a variety of learning styles and helps learners

in the learning process for inclusive learning experiences (Huang et al., 2013; Sumadyo et al., 2018).

Thus, following the methodological approach of Canter (2013), this chapter integrated pedagogy to support the
learning process and learning visualization with modules in the smart learning environment (Hwang, 2014) to
develop a novel model of a smart learning environment model called pedagogical Al-enabled smart learning
environment. The integrated application supported by this model can provide an opportunity for skills and

knowledge development to live and function in society and contribute to the digital workforce. Figure 1 shows
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the model of a pedagogical Al-enabled smart learning environment, and each module is discussed for clarity and

usage.

Learner profile: This module contains learner learning goals, current knowledge, and personal information. The
goal can be a set of achievements that can be achieved at the end of the course. These attributes form a learning

portfolio and benchmark for learners’ cognitive ability profiles.

Pedagogical support: This module directs learning activities during the learning process. These are guidelines,
tools, or resources that support teaching and instruction. For example, social constructive learning, self-regulated
learning process, and collaborative learning support can be integrated into the pedagogical support module to
guide smart learning activities to improve knowledge and skills. The learning resources or portfolio can be PDF,
audio, videos, or other external resources. Pedagogical support provides key performance indicators for the
delivery of teaching and learning. It assesses its impact on learners or if there is a need to change the pedagogical
approach based on learning technology's prevalent situation or dynamism. The pedagogical support can be
integrated into formal or informal learning and online or offline teaching depending on the need and contextual

setting.

Inference engine: This is the knowledge base used to evaluate the "value" of potential learning tasks, strategies,
and tools, as well as the possible pairings of these elements. The knowledge base comprises tutoring expertise and
knowledge from educators and students. It might also consist of the guidelines for making decisions developed
from studying both successful and unsuccessful cases in the past. The inference engine is a computer program
that evaluates the current case, including the student's situation and the surrounding contexts, and then makes

decisions based on the rules in the knowledge base (Hwang, 2014; Wu et al., 2013a).

Learning performance evaluation: This module evaluates and documents students' performance through online or
in-person tests. For a real-world exam, students might be required to observe or engage in real-world forums to
discover the solution to a test item (i.e., the real-world objects related to the learning goals) (Hwang, 2014).

Adaptive learning content: This module modifies user content based on each learner's progress, performance,
personal characteristics, and the situation in the real world. The learning system organizes and recommends

learning materials to suit individual learner’s needs (Hwang, 2014).

Learning visualization: This module includes instructions for enhancing learning performance and skills as well
as learner learning behavior. This may be action-related, content-related, learner-related, or socially related, and
it can help students develop their skills in learning. The learner's learning goal, performance, pedagogy, learning
content, and personalized message are all included in the learning visualization modules to help make learning

more effective. Students can access this module through the application portal using their login information.
Learner support: This module allows tutors to support learners based on their unique learning requirements.

Learning support can take the form of a learning task or learning content guideline, a hint for the task, feedback

on their work, or help with learning effectively and efficiently. When determining the type of assistance to be
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provided, the features of the learning tasks and content and the learners' learning performance, personal factors,

and real-world status are considered.

Learner Learning Learner Pedagogical Support
Support [*¥ Visualization [®| Profile [ " Module
Module Module Module

Y/ Database
r

Stmient

Adaptive Adaptive Learning Inference
Learning «»| Learning |4y Perforam- |«»| Engine

Content Task nce Module
Module Module Module

Figure 1: Model of Pedagogical Al-Enabled Smart Learning Environment

The learning process in this model is cyclical and aimed at improving learning experiences. The learner creates
an account and logs in through the learner profile module; the module contains personal data and learning goals.
After logging into the app, the learner accesses learning resources supported by the pedagogical support module.
Pedagogical support provides learning activities and guides the learner in the learning process. All these data are
captured into the database module for further analysis. With the help of an Al algorithm, the inference engine will
provide adaptive tasks, learning performance evaluation, and adaptive content based on the learner’s learning
behavior and profiling. The learning performance evaluation module will provide an assessment to gauge learners’
level of knowledge and understanding of the course. The adaptive learning task module and adaptive learning
content module are the learning activities and the recommended content, respectively, to help learners in the
learning experiences. The learning visualization module will provide learner learning behavior and
recommendations regarding the learning goal, performance score, pedagogy, and frequently used learning content.
This information can be accessed by individual learners and updated learner’s profile as the learning continues.
The learning support module allows tutors to help with a personal message to improve learners’ learning

experiences.
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The new generation of teaching is more than just books and lecture notes. Technology advancements have made
it possible to use various sources for teaching and learning. A smart camera deployed inside classrooms can also
capture live lectures and save them to the cloud for later use. If students miss a classroom session, they can watch
the lectures whenever they choose because they are saved on the cloud and accessible from anywhere. This bridges
the digital gap while also allowing for more learning time. It also eliminates the requirement for copying lecture

notes from peers at later levels.

Teachers can also offer homework to their students using a smart web interface that allows them to grade the
homework and provide comments to their students. This eliminates physical labor while enhancing instructor and
student efficiency. Hands-on practice with the concepts can be provided using the virtual lab setting. Students can
access these laboratories using any handheld device or laptop with basic internet connectivity. This can
significantly minimize the cost of purchasing lab equipment, machinery, computers, and other such items, as well

as the physical space required.

Conclusion

The development of technologies that are smart, mobile, and capable of sensing mobile environments enables the
creation of a smart learning environment that can cater to a variety of educational requirements. Nonetheless,
despite a growing corpus of research on the smart learning environment, there is a scarcity of well-defined models
that describe how the modules of a smart learning environment can be represented and incorporated into a
pedagogical Al-smart learning environment. This chapter explored and extended the modules in the smart learning
environments with pedagogical support and learning visualization modules, which can support inclusive
educational opportunities to meet the needs of diverse learners and promote interaction and authentic learning

experiences.

The model can be built and supported by algorithms based on artificial intelligence and technology related to
smart and mobile devices to develop an integrated application for individualized learning assistance. Augmented
reality can help promote the creation of a smart learning environment. This technology incorporates learning
difficulties into a digital world similar to the actual world to assist students in studying at their own speed. For
example, an Al algorithm can be integrated into the inference engine of the modules to support recommended
systems for adaptive learning contents, performance evaluation, learning status, etc. The model will be
experimented with to validate its applicability to produce accuracy in predicting students' learning behavior and
needs using an Al algorithm. The algorithm will then be integrated and developed with other modules into an

application to support inclusive learning experiences.
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Chapter 7 - From Data to Insights: The Power of Learning Analytics
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Chapter Highlights

» In this section, we'll dive into Learning Analytics and its importance in education. We'll define what it is
and explain how it can boost student success.

» We'll also be exploring the relationship between Learning Analytics and educational technologies. These
two can work together to enhance the learning experience for students.

» Furthermore, we'll discuss how predictive models created through Learning Analytics can improve
educational processes and teaching methods.

» Visualizing Learning Analytics data and understanding student behavior is crucial for effective learning.
In this section, we highlight the significance of this practice.

» Social Learning Analytics is an innovative approach that can enhance student engagement and foster
better interactions among students. We'll delve into this topic as well.

» It's important to address ethical and security concerns when utilizing Learning Analytics. In this section,
we'll provide suggestions on how to safeguard data privacy.

» Lastly, we'll discuss future advancements and trends in Learning Analytics. Analytical approaches in
education are expected to become more widespread, and we'll explore what this means for the future of

education.



http://www.istes.org/
https://orcid.org/0000-0003-4465-3145

From Data to Insights: The Power of Learning Analytics

Definition of Learning Analytics

Learning Analytics

Learning analytics is the process of collecting, analyzing, and interpreting data to understand, measure, and
improve student learning processes. This field is crucial in higher education, enabling educators, administrators,
researchers, and the academic community to track and evaluate students' performance, progress, and learning
outcomes. Learning analytics is a fascinating field that has garnered significant attention among educators and
researchers in higher education. Its implications are far-reaching, as it has the potential to impact students,
teachers, administrators, researchers, and the academic community (Guzman-Valenzuela et al., 2021). By
emphasizing the importance of data-driven decision-making in education, learning analytics can significantly

contribute to the development of future educational practices.

The process of Learning Analytics involves analyzing data from multiple sources using methods like data mining,
business intelligence, and big data analytics. This data-driven approach aims to predict individual learning
outcomes by combining information from various fields (Leitner et al., 2017). Educators gain a deeper
understanding of students' learning behaviors, habits, and performances by conducting thorough analyses. This
enables them to identify student needs more accurately, customize course content, and manage educational
processes more effectively. Data collection and analysis play a crucial role in improving student learning in this

domain.

The utilization of Learning Analytics in education policies and practices highlights the significance of data-based
decision-making. It can help to enhance the performance of educational institutions, leading to an improvement
in student achievement and learning experiences. However, despite its potential, there is limited proof to suggest
that it can effectively enhance student achievement, and its use has not yet been widely embraced or fully utilized
ethically (Viberg et al., 2018). It is crucial to remember the significance of ethical and privacy issues when using
Learning Analytics and managing data securely and responsibly. It is particularly important to consider ethical
and privacy concerns when assessing the potential impacts of this technology. As a result, more research and

critical studies are necessary in the field of Learning Analytics.

To putit simply, learning analytics is a vital field of research and application that aims to enhance student success,
elevate education quality, and streamline educational processes through a data-driven approach. This technology
is recognized as a valuable tool for shaping the future of education systems and maximizing students' potential.
In essence, the progress made in learning analytics underlines the power and importance of data analysis in
education. Research conducted in this area, to better understand students' learning outcomes and improve
educational processes, can have a significant impact on shaping future education policies and practices. Further
research and development based on learning analytics can make a meaningful contribution to enhancing students'

learning experiences and improving the quality of education.
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The Purpose of Learning Analytics

In the field of education, learning analytics aims to do more than just collect and analyze data. Its mission is to
assist students in regulating their learning. To achieve this, personalized learning features, such as detailed analysis
and recommendations, should be provided (Schumacher & Ifenthaler, 2018). By doing so, students can manage
their learning processes more effectively and efficiently. Essentially, learning analytics employs a data-driven
approach to comprehend, measure, and enhance student learning processes. This entails gaining a deep
understanding of students' learning behaviors, habits, and performances, as well as providing them with useful

personalized learning features like detailed analysis and recommendations.

Understanding the needs of students is crucial for effective education, and Learning Analytics plays a significant
role in this. By taking into account all aspects of students' learning, learning analytics should be created to respond
to their learning processes. The tools used for learning analytics must be compatible with self-regulated learning
theory, feedback, and instruction to avoid any negative educational outcomes (Schumacher & Ifenthaler, 2018).
Learning Analytics systems should also focus on providing visualizations and descriptive information that can
help students monitor their progress without hindering their self-regulating learning processes. The goal of
Learning Analytics is to predict individual learning outcomes by combining data from various sources. This allows
educators to identify students' learning needs and customize the course content to suit them, resulting in more
effective educational processes. Additionally, learning analytics aims to provide student profiles that can be used

to design appropriate educational interventions.

Educational institutions can benefit from learning analytics as it helps them to understand the learning needs of
students and improve their educational processes (Tas, 2021). By profiling students with appropriate descriptors,
studies in this area aim to design educational interventions that are suitable for them. Additionally, the insights
gained from learning analytics can help to enhance teaching practices, leading to better learning outcomes and
experiences (Slade & Prinsloo, 2013). The ultimate aim is to transform learning feedback from learning analytics
applications into effective learning interventions, thereby improving both social and technical infrastructure
(Schumacher & Ifenthaler, 2018).

To put it briefly, learning analytics is a method that utilizes data to enhance the learning process of students.
Research in this field offers valuable insights and information to personalize the learning experiences of students
and optimize their learning outcomes. Educators can effectively employ learning analytics to improve academic
performance and foster students' ability to take charge of their learning (Tas & Giilcii, 2019). Nevertheless, it is

crucial that the practices in this domain are grounded in research and that the privacy of students is safeguarded.

The Difference Between Learning Analytics and Traditional Data Analysis
In recent years, the field of learning analytics has emerged as a crucial area of study that seeks to analyze data

from online learning environments to enhance the learning experience. Unlike traditional data analysis methods

that focus solely on individual data points, learning analytics takes a more comprehensive approach that evaluates
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data in interactions and considers these interactions as the fundamental unit of analysis (Agudo-Peregrina et al.,
2014). By doing so, this approach enables us to gain a holistic perspective of students' behaviors and interactions
in their learning environment, which can be used to identify areas of improvement and enhance the overall learning

experience.

Learning analytics can interpret and contextualize data more comprehensively than traditional data analysis.
Traditional data analytics offers a corporate perspective while learning analytics focuses on the learner, providing
the opportunity to personalize the learning experience. This approach allows students to develop flexible and
effective educational strategies that cater to their individual needs and support their learning journey. Moreover,
learning analytics plays a crucial role in designing early warning processes and interventions to improve student
achievement (Agudo-Peregrina et al., 2014). By assisting students with their unique requirements, a more

successful learning experience can be achieved.

In the realm of education, it is crucial to have a thorough understanding of student behaviors, interactions, and
learning styles. While traditional database tools may fall short in providing the necessary insights, the utilization
of learning analytics can provide educators with ad-hoc tools to process vast amounts of data and filter out relevant
information. What makes learning analytics truly unique is the process of contextualization and interpretation that
it involves. This process allows for a deeper understanding of the learning experience and enables more effective
interventions, making it a student-focused and comprehensive approach that sets it apart from traditional data
analysis methods. By leveraging the power of learning analytics, educators and students alike can gain a more
comprehensive understanding of the learning process, paving the way for more effective teaching and learning

strategies. (Agudo-Peregrina et al., 2014)

Benefits of Learning Analytics

Advantages Of Using Learning Analytics

The utilization of learning analytics has become increasingly popular in educational institutions as it provides
valuable insights into student performance and learning. This data is essential in gaining a deeper understanding
of students' academic success and needs. By analyzing academic performance and behavior, educators can make
informed decisions, such as identifying students who may be at risk and providing them with targeted support and
interventions (Roberts et al., 2016). Moreover, learning analytics can assist teachers in adjusting their teaching
methods and identifying effective teaching strategies, enabling them to personalize the educational process and
enhance the learning experience for students. This enables a more proactive approach to education, where students'

success and well-being are at the forefront of decision-making (Slade & Prinsloo, 2013).

The utilization of learning analytics has enabled educational institutions to make informed decisions based on
data. The insights gathered from analyzing student performance and behavior have been instrumental in creating
more effective educational strategies. The ability to tailor educational experiences to cater to individual student
needs and challenges has resulted in a more personalized learning environment. Educators and institutions alike,

by leveraging the data obtained through learning analytics, can make informed decisions aimed at increasing
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student achievement and improving the overall learning environment. The use of data-driven approaches has thus
become an essential tool in the arsenal of educators and institutions committed to providing the best possible
education for their students (Roberts et al., 2016).

The field of learning analytics holds immense promise in terms of enhancing the educational journey of students
and elevating their academic achievements. By delving into the learning and behavioral patterns of students,
educators can offer targeted and customized assistance to help them succeed (Slade & Prinsloo, 2013). This data
analysis can also aid educational institutions in making informed decisions regarding the allocation of resources
and the development of educational programs, thereby streamlining the learning process and maximizing its
efficacy. Ultimately, this approach to learning analytics has the potential to enrich students' experiences as they

navigate the complex world of education.

In the academic world, learning analytics can be a game-changing asset that provides significant benefits. By
prioritizing data-driven decision-making, learning analytics has the potential to offer valuable insights into student
learning and performance. The information generated can enable educators to provide a more personalized and
effective learning experience, while also making the learning process more efficient and effective for educational
institutions. Through the use of learning analytics, the academic community can identify at-risk students and
enhance their educational offerings to improve student achievements. Therefore, it's safe to say that learning
analytics is a critical tool that highlights the potential of data-driven transformation in education.

Learning Analytics Enhances the Educational Experience

The use of learning analytics is becoming more popular as it can enhance student learning and improve their
overall educational experience. This technology has many potential uses, such as closely monitoring students'
progress, predicting their performance, identifying students who may be at risk, providing valuable data about
students' learning characteristics and patterns, and identifying any undesirable learning behaviors or emotional
states (Wong, 2017). Additionally, learning analytics helps teachers to evaluate and improve the effectiveness of
their pedagogy and instructional designs. Teachers can use this technology to provide students with targeted
support and interventions (Quadri & Shukor, 2021).

Incorporating learning analytics into online classrooms and computer-assisted education has the potential to
significantly enhance the learning process and overall experience for students. This cutting-edge technology can
identify materials that are particularly relevant and effective for individual learners, improve curricula to better
meet the needs of students, and even predict cognitive states and behaviors to optimize the learning environment
(Quadri & Shukor, 2021; Troussas et al., 2020). Furthermore, learning analytics can closely monitor student
performance, dropout rates, and retention, providing educators with valuable insights and actionable data. This
data can be used to create personalized learning paths and assessments for students, ensuring that each individual
is receiving the support and attention they need to succeed. Ultimately, learning analytics helps create a more

inclusive and supportive learning environment, identifying and addressing the needs of students who require extra
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support and attention. By leveraging this technology, educators and students alike can work together to optimize

the learning experience and achieve greater academic success.

Learning analytics can offer learners, instructors, and administrators Learning analytics provides new insights for
learners, instructors, and administrators, allowing teachers to plan supportive interventions for functional groups
such as course teams. It offers a comprehensive view of student engagement and can improve pedagogy in
adaptive learning, facilitate networked learning, visualize hidden patterns and connections in students' activities,
and predict academic performance (Wong, 2017). By raising students' awareness of their learning engagement,
presenting their educational data in a meaningful way, and interpreting information accurately through
visualizations and dashboards, learning analytics enhances the educational experience and provides numerous
benefits.

In the field of education, learning analytics is a valuable tool that can enhance student learning and improve their
educational experience. By monitoring progress, forecasting performance, identifying students at risk, and
providing useful data, learning analytics gives educators the chance to refine their teaching approaches and offer
personalized support to students. Additionally, this tool helps provide data-driven feedback and guidance to
students, assists educational institutions in making informed decisions, and optimizes the educational process. In
essence, learning analytics has the potential to revolutionize education with data-driven transformation, leading

to better learning experiences for students.

Improving Educational Decision-Making Through Learning Analytics

The use of learning analytics plays a crucial role in improving the decision-making process in the field of
education. Higher education institutions can significantly benefit from data analytics, which provides them with
valuable insights to inform their decision-making. The implementation of learning analytics facilitates the
decision-making process by capturing, processing, and representing training data (Garcia-Pefialvo, 2020). As a
result, higher education institutions can strengthen their capabilities and reap the benefits of continuous
improvement (El Alfy et al., 2019). By leveraging learning analytics, institutions can measure student
performance, obtain real-time and predictive insights, and receive recommendations (Ifenthaler, 2017). Moreover,
learning analytics can aid institutions in gathering information on courses and materials that attract students,
planning course development, allocating resources, assessing performance, and identifying high- and low-
performing students. In essence, learning analytics provides a comprehensive view of student performance, which

can be used to make informed decisions and ultimately improve the overall quality of education.

In the realm of education, making informed decisions about student progress and potential success is crucial.
Fortunately, advancements in technology have paved the way for new approaches to education decision-making,
one of which is learning analytics. This method utilizes machine learning algorithms and logistic regression
analyses to scrutinize data such as students' demographics, abilities, and use of virtual learning environments
(Wong, 2017). By analyzing this information, educators can predict academic performance and provide support

to students who need it most. Moreover, learning analytics enables teachers to identify students who may be at
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risk of underperforming. For example, the Course Signal System utilizes a range of factors, such as students'
demographics, past academic performance, and level of effort in studying, to predict potential academic struggles
(Wong, 2017). This kind of preemptive approach to education decision-making can help students receive the
support they need to succeed and prevent them from falling behind. Indeed, the use of learning analytics has the
potential to revolutionize the way we approach education decision-making, ensuring that every student has the

opportunity to thrive and reach their full potential.

To evaluate the effectiveness of learning analytics in higher education institutions, a benefit matrix can be
employed. However, it is of utmost importance to ensure that the use of learning analytics complies with ethical
regulations, maintaining confidentiality, and respecting personal privacy (Garcia-Pefialvo, 2020). While the
potential for improving decision-making in education through learning analytics is highly promising, further
empirical research must be conducted to validate its advantages for teaching and learning. One major challenge
in implementing learning analytics projects can be the lack of sufficient staff and technology, which can
significantly hinder the efficacy of educational decision-making. Therefore, institutions must invest in the

necessary resources to enable the effective utilization of learning analytics in education.

The proper utilization of learning analytics in the education sector can bring about significant improvements in
decision-making processes and student success rates. In this regard, higher education institutions must prioritize
the extensive implementation of learning analytics to personalize students' learning experiences and enhance their
academic achievements. By leveraging data-driven insights and predictive analytics, educators can identify areas
where students may require additional support and develop targeted interventions to help them overcome
academic challenges. Moreover, learning analytics can also help institutions assess the effectiveness of their
teaching strategies and adjust their approaches to better meet the needs of their students. Ultimately, the integration
of learning analytics in education has the potential to revolutionize the way we approach teaching and learning,

leading to better outcomes for students and greater success for institutions.

Challenges of Learning Analytics

The Challenges Associated with Learning Analytics

Over the last five years, there has been a surge of research in the field of learning analytics. However, this growth
has brought about some difficulties. While it is crucial to focus on small-scale efforts and specific tools, a more
holistic strategy is required to address the challenges that come with learning analytics. These challenges include
ensuring adequate infrastructure and resources, establishing effective communication between stakeholders,
addressing ethical and privacy concerns, and handling technical issues, such as data quality and accuracy
(Ifenthaler & Schumacher, 2016).

One of the main challenges faced by learning analytics in higher education is the lack of a clear understanding of
its purpose and potential (Tsai & Gasevic, 2017). This incomplete understanding can hinder the complete
utilization of learning analytics. It is essential to collect data in an ethical manner that respects the privacy of

students. Any incorrect data collection and analysis can lead to inaccuracies and unreliability, which is why it's
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crucial to prioritize ethical data collection. Compatibility issues between learning management systems and
analytical tools can also impact the quality and integrity of data (Ferguson & Shum, 2012). Therefore, it's
important to ensure that these systems and tools work together seamlessly to provide accurate and reliable data

for better decision-making in higher education.

Learning analytics presents several challenges, one of which is ensuring the privacy and security of personal data
collected, stored, analyzed, and presented. To build student trust, it's crucial to use and protect learning analytics
data ethically and responsibly. Compliance with privacy and security standards and taking appropriate precautions
are essential. Another challenge is integrating learning analytics into existing corporate cultures and practices, as
well as the lack of guidance to improve data literacy among end users. Thus, it's important to educate users in this

area and support decision-making processes based on analytical results.

Addressing Privacy and Ethical Concerns through Learning Analytics

In recent times, there has been a growing focus on EP4LA, which stands for Ethics, Privacy, Policy, Legal, and
Algorithmic aspects, within the learning analytics community. It is crucial to give attention to ethical and privacy
matters to ensure the widespread adoption of learning analytics applications (Drachsler et al., 2015). To achieve
this, it is imperative to establish policies and frameworks that address issues such as transparency, consent,
security, and accountability (Khalil, M; Ebner, 2015). These measures are vital in protecting students' privacy and
creating a secure environment for learning analytics to collect and analyze data. Additionally, it is crucial to
involve all stakeholders in learning analytics, including students, educators, and institutions, in the development
and implementation of policies and frameworks (Khalil, M; Ebner, 2015). The participation of all stakeholders
will ensure that the policies and frameworks developed are effective and considerate of the needs of all parties
involved. Ultimately, the implementation of such policies and frameworks will promote the responsible use of

learning analytics, leading to better outcomes for all stakeholders.

When considering learning analytics, it is crucial to address challenges related to data privacy and security, as
well as ensure the quality and accuracy of the data (Ferguson & Shum, 2012). Lack of standardization in data
collection and analysis can negatively impact the effectiveness and accuracy of learning analytics. To mitigate
data privacy risks, specialized tools can be utilized (Joksimovi¢ et al., 2022), providing reliable and consistent
data privacy management. However, the use of open datasets in data analytics can pose privacy risks in learning
analytics projects. Therefore, a careful and consistent approach should be taken when addressing privacy and

ethical issues (Manca et al., 2016).

Through the European Learning Analytics Community Exchange (LACE) project and workshops, ethics and
privacy concerns have been addressed and transformed (Ferguson et al., 2016). The 22 challenges that guide this
work emphasize the importance of separately considering ethical, data protection, and privacy issues about
learning analytics (Ferguson et al., 2016). To ensure the protection of student privacy, it is crucial to prioritize the
transparent and secure use of student data when implementing learning analytics. By addressing ethical and

privacy issues, learning analytics can facilitate data-driven transformation in education.
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Exploring the Use of Learning Analytics for Resolving Data Quality Concerns

For learning analytics to have a positive impact, it is essential to address any potential issues with data quality.
This requires a commitment to using reliable and accurate data, as well as ensuring that the sources and methods
used to collect the data adhere to ethical and scientific principles. Additionally, it is crucial to carefully evaluate
and interpret the data to ensure that learning analytics practices are used fairly and equitably across all student
groups (Gasevic et al., 2022). By taking these steps, we can ensure that learning analytics is a valuable tool for

improving educational outcomes for all students.

When engaging in research related to learning analytics, it is of utmost importance to emphasize the quality of
data. Failing to do so could have negative consequences on the dependability and efficacy of these initiatives. To
ensure triumph, it is vital to prioritize data quality throughout the entire process, from the initial planning stages
to the implementation phase. This can be accomplished by utilizing suitable evaluation techniques and instruments

that promote effective and dependable learning analytics practices.

To achieve success in learning analytics, it is essential to prioritize the improvement of data quality. By doing so,
we can guarantee that the results derived from learning analytics projects are reliable and effective, which will
enable us to make informed decisions that enhance student learning and educational experience. It is crucial to
address concerns related to data quality, as this will not only increase the reliability of learning analytics
applications but also ensure that ethical standards are upheld throughout the process. Therefore, we must take

proactive measures to ensure that data quality is continuously monitored and improved.

Applications of Learning Analytics

Exploring the Various Uses of Learning Analytics

The utilization of learning analytics has become an increasingly critical tool in achieving various educational
objectives across diverse contexts. This method involves employing a range of technologies and techniques,
including data mining, web analytics, and business intelligence, to process and present data that has been collected
from interactions and navigations within educational content (Serrano-Laguna et al., 2014). In recent times, there
has been a growing focus on the application of learning analytics in the context of high school education. The
deployment of educational technology in high schools has opened up new possibilities for the implementation of
learning analytics, which can potentially provide invaluable insights into student performance, engagement, and

progress (Serrano-Laguna et al., 2014).

Learning analytics has multiple purposes and is crucial in various fields. Its applications range from customizing
students' learning experiences to evaluating the efficiency of teaching methods, forecasting student performance,
and guiding organizational decision-making. Moreover, learning analytics can promote learning at different levels
and enhance academic achievements. However, in high school settings, learning analytics is not widely
implemented and has primarily been utilized in smaller initiatives instead of being adopted institution-wide

(Serrano-Laguna et al., 2014).
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In the realm of high schools and education, there exists a wealth of potential techniques and research areas that
can be employed to effectively leverage the power of learning analytics. One such method is the use of social
network analysis, which can help to illuminate the social connections and relationships that exist between students
and teachers, thereby providing valuable insights into how learning processes can be improved. Another tool that
is commonly used in the application of learning analytics is epistemic network analysis, which focuses more
specifically on the content and knowledge structures that underlie the learning process. By analyzing these
structures and identifying their strengths and weaknesses, educators can gain a better understanding of how to

optimize student learning and performance.

In addition to these methods, process mining is another valuable tool that can be used to study and analyze the
various steps and stages involved in the learning process. By breaking down this process into its constituent parts
and analyzing each one individually, educators can gain a more nuanced understanding of how to optimize student
learning and performance. It is important to note, however, that machine learning algorithms alone cannot fully
capture or study the complex and multifaceted nature of the learning process. To fully understand the methods,
tools, and applications of learning analytics in high schools, it can be helpful to conduct a systematic literature

review and analyze past models to improve student performance.

Dashboard applications are also an incredibly valuable tool in this domain, as they allow educators to visualize
student and teacher learning traces and gain a better understanding of how to optimize the learning process
(Verbert et al., 2013). By analyzing past models and identifying areas for improvement, educators can help to
ensure that students are receiving the best possible education and are equipped with the skills and knowledge they
need to succeed in their future endeavors. Overall, learning analytics is a powerful tool with a wide range of
potential applications and benefits for students, teachers, and educational institutions. As this technology
continues to evolve and become more widely adopted in the future, we will likely see even more innovative and

effective applications of learning analytics in the realm of education.

Improving Student Engagement through Learning Analytics

The practice of utilizing learning analytics has proven to be an incredibly valuable tool for enhancing student
engagement. Student engagement is a multifaceted concept that encompasses a wide range of observable
behaviors, internal cognitions, emotions, and representations. By leveraging learning analytics, educators can gain
a more holistic understanding of their students' perspectives and tailor their approach to better meet their needs.
One of the primary benefits of using learning analytics is the ability to provide students with meaningful feedback.
Feedback can empower students to make more informed decisions and track their academic progress more
effectively. This type of feedback also promotes effective communication between students and institutions,
heightens students' self-awareness, and offers support and assistance in challenging situations (Silvola et al.,
2021).

Another significant advantage of using learning analytics as a feedback channel is the ability to create adaptive

learning conditions tailored to students' needs. By leveraging data and analytics, educators can gain a deeper
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understanding of how students learn and adapt their approach accordingly. This type of personalized learning can
be incredibly effective in helping students reach their full potential. Overall, the use of learning analytics is a
powerful tool for enhancing student engagement and improving academic outcomes. By providing students with
meaningful feedback, promoting effective communication, and offering personalized learning opportunities,

educators can help students achieve their goals and succeed in their academic careers.

The process of analyzing data to support student engagement in learning is a multifaceted and nuanced endeavor
that requires alignment of student expectations with the information provided. To effectively leverage Learning
Analytics to increase student engagement, it is crucial to prioritize the needs of the learner and consider their
unique perspective (Gray et al., 2022). Social Learning Analytics has emerged as a powerful tool in this regard,
offering valuable insights into student behavior and learning patterns. By identifying disinterested students and
offering targeted interventions, Social Learning Analytics can help increase student engagement (Chen et al.,
2018). Additionally, by providing instructors with data-driven insights, Learning Analytics can help them adjust
their teaching strategies to further engage students. However, it is important to note that Learning Analytics alone
cannot guarantee students' mastery of knowledge. As such, instructors should approach student analysis with
caution, taking care to consider the context and limitations of the data at hand (Franzoni et al., 2020). Ultimately,

a thoughtful and holistic approach to Learning Analytics can help support student engagement and success.

When it comes to Learning Analytics, it's crucial to offer frequent updates to students to help them make informed
decisions about their academic and skills development. This can be achieved through providing feedback on their
progress. By doing so, educational institutions can increase student engagement, leading to more effective learning
experiences that foster motivation and a sense of connection. To fully harness the power of Learning Analytics,
it's important to prioritize understanding student needs, ensuring that data is used ethically and safely, and tailoring
teaching strategies to be student-centered. By doing this, we can create a learning environment that empowers

students to reach their full potential.

Improving Instruction through Learning Analytics

Learning analytics is a powerful tool that has the potential to revolutionize the education sector. By collecting
data from various sources, including student interactions with educational software, online platforms, and other
digital tools, learning analytics can provide real-time feedback to both instructors and students. This feedback can
be used to identify the strengths and weaknesses of both parties, allowing for the creation of tailored learning

experiences that are optimized for specific goals.

One of the key benefits of learning analytics is that it can help to enhance the quality of learning. By identifying
areas where students are struggling and providing targeted support, educational software can help to improve
learning outcomes. Similarly, by analyzing the performance of instructors, learning analytics can help to identify
areas where they could improve their teaching practices, ultimately leading to better learning experiences for
students. Another important benefit of learning analytics is that it can offer insights into effective teaching and

learning practices from a variety of perspectives. This includes both pedagogical and technological insights, which
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can be used to inform instructional design, delivery, student mentoring, and assessment. By leveraging these
insights, educators can create more engaging and effective learning experiences that are better suited to the needs
of their students (Fiaidhi, 2014).

Overall, learning analytics has the potential to transform the education sector by providing educators with a
powerful tool for improving teaching and learning outcomes. By leveraging data to provide real-time feedback
and insights, educators can create more effective and engaging learning experiences that are tailored to the needs
of their students. Learning analytics is a comprehensive process that involves using multiple data sources and
techniques to evaluate the effectiveness of teaching and learning. This process entails developing criteria and
predictive indicators that can capture the complexities of the learning process (Lee et al., 2020). Educational
technologies play a crucial role in this process as they can be used to visualize and interpret collected data, correct
errors, and guide corrective actions. By analyzing large amounts of data obtained from the teaching and learning
process, decisions can be made at all levels of the education system, ranging from the classroom to the institutional

level.

One of the challenges of learning analytics is handling unstructured text data, which is abundant in academic
institutions. Text analytics can be used to address this challenge by leveraging natural language processing
techniques to extract valuable insights from unstructured text data. Through this approach, educators can gain a
better understanding of how students interact with the learning materials, identify patterns and trends in student
behavior, and develop strategies to improve the learning experience. Another valuable source of data in learning
analytics is clickstream data, which records every page, section, or tag that students request. This data can be used
to gain insights into student behavior, such as how much time they spend on specific learning activities, what
resources they utilize most frequently, and what topics they struggle with. By analyzing clickstream data,
educators can gain a more nuanced understanding of student needs and develop personalized learning plans that
cater to their unique strengths and weaknesses. Overall, learning analytics is a powerful tool for educators and
institutions to improve teaching and learning outcomes. By leveraging multiple data sources and techniques,

educators can gain insights into student behavior and develop strategies to improve the learning experience.

To summarize, learning analytics has emerged as a potent mechanism for improving the teaching and learning
experience and promoting student achievement. By leveraging data analysis techniques and offering valuable
insights, educators can better tailor their instructional strategies to align with the unique needs of individual
students. Nevertheless, it is essential to consider data privacy and ethical concerns while implementing this
technology to ensure that it is utilized appropriately and responsibly. If used widely and effectively, learning

analytics can significantly enhance the quality and success rates of education.

Learning Analytics Tools and Technologies

Tools and Technologies for Learning Analytics

Learning analytics is a field that involves extensive research and development to gain a deeper understanding of

the various tools and technologies that can be utilized in education. This area of study emphasizes the importance
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of existing tools that offer valuable insights into different aspects of the learning process. Thanks to technology,
learning analytics tools and visualization techniques have been greatly enhanced. Specifically, dashboards and
feedback mechanisms are now designed based on learner performance indicators, which have proven instrumental
in illuminating the complex relationships between educational sciences and dashboard design (Ali et al., 2013).
These insights are valuable in helping educators make informed decisions about how to improve the learning

experience for their students.

The trend of using learning analytics to explore student behavior has become more widespread. However, to
effectively use learning analytics, it is important to develop different types of feedback for different people and
goals. Feedback based on linkage mechanisms to support learning is also emphasized. Instead of relying on
superficial feedback from external factors in online learning, it is essential to adopt more targeted and student-

oriented analytical methods.

Social learning analytics is a valuable tool for personalized and effective learning experiences. Analyzing social
interactions in the learning process helps educators better understand learning pathways and narratives (Ali et al.,
2013). Social learning analytics can help improve educational institutions and increase student achievement.
Visualizing social learning analytics can also aid in understanding visible and invisible interactions in distance
education. By better understanding student interactions and communication with teachers, the learning experience
can be made more effective.

In the field of learning analytics for higher education, a wide range of data mining and learning analytics tools are
available to support educators and students in achieving their educational goals. Among these tools, Predictive
Learning Analytics (PLA), Learning Management Systems (LMS), and social network analysis tools like Gephi
and NodeXL are some of the most important ones. Other tools include data analysis and modeling tools such as
R, Python, and RapidMiner (Salihoun, 2020). One example of a large-scale and long-term PLA system is OU
Analyze (OUA), which has been utilized by 23,180 students in 231 undergraduate online courses and accessed by
1159 teachers (Ali et al., 2013). Through OUA, teachers are provided with predictive insights into students'

chances of passing the course, thus supporting the teaching process and improving student outcomes.

The development of learning analytics involves the integration of various technologies and methodologies from
different research fields. Predictive analytical models like logistic regression and decision trees are some of the
methods used to better understand learning processes (Salihoun, 2020). However, it is crucial that the data
collection process is structured correctly, and ethical concerns regarding student confidentiality are observed
during the analyses. Institutions are investing in the development of learning analytics to enhance their analytics
capabilities, and the research community is also playing an important role in supporting work around learning
analytics (Siemens, 2013). By utilizing data analytics, educators can improve the quality of education and enhance

student achievement, making it a powerful tool in the field of education.
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Building Predictive Models with Learning Analytics

The use of Learning Analytics is becoming increasingly important in developing predictive models. While
predictive analytics offers greater value, it can also produce black-box models lacking transparency, which

undermines user trust. Therefore, creating accurate forecasting models requires technical expertise.

Machine learning algorithms generate classifiers to learn from historical data and make predictions about future
outcomes. These predictions are presented to students, enhancing their understanding of predictive models.
Dashboards regularly use these techniques to emphasize forecasts based on historical and current data. Ideally,
generic predictive models should be used to predict student outcomes across different courses. However,
customized models may be necessary for certain courses due to a lack of data, which can increase technical

resource costs.

Learning analytics relies heavily on predictive modeling, which can help forecast outcomes based on human
behavior. It is important for learning analytics tools to convey confidence to students regarding the accuracy of
their predictive output, as this can support their learning experience and improve educational processes. However,
accurately predicting outcomes is a challenge in learning analytics, and recent reports show the accuracy of
predictive models. These models can be integrated into dashboards to show students their performance and
probability of achieving certain grades. While these predictive boards can help motivated students maintain their

level of motivation, there are still uncertainties in influencing final results.

To identify students at risk and offer personalized messages, an early warning system can be developed using
notes. Prescriptive analytics is a complex yet insightful form of analytics that can simplify the decision-making
process for learners. By providing advice on behavioral adjustments and learning strategies, prescriptive analytics
can use predictive analytics to understand possible causal relationships and generate recommendations for users
to achieve positive outcomes. Model reasoning can help learners understand which factors are important to the
predictive model and communicate the underlying model's accuracy to increase user confidence. Additionally,
model reasoning can suggest changes in learning behavior to support the learning experience of students and offer

valuable insights to educational institutions, making educational processes more effective and efficient.

Visualizing Data Through Learning Analytics

It has been demonstrated through various studies that there are four main types of information available to students
that can provide valuable insights into their learning processes. These types of information include frequency of
access to course materials, time spent on course materials, timing of access, and frequency of posting to discussion
forums. Visualization methods are effective in enabling students to better understand their learning progress and

encourage reflection on their learning process.

Social media text mining analytics and visualization have also been found to be useful in facilitating corporate

learning and improving public service quality. The ability to analyze large amounts of social media data and
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extract meaningful insights has proven to be a valuable tool for organizations looking to improve their services
and offerings. Additionally, several tools are available for students and teachers, such as control panels to visualize

learning traces.

In terms of student assessment, social comparisons can be used to analyze students by comparing them to specially
defined groups and making comparisons with past classes. Visualization techniques can also be used as supervised
and unsupervised learning methods and can help students better understand their learning processes by providing

real-time clickstream data.

Learning analytics tools are particularly useful in monitoring teaching and learning activities on a web-based
learning platform. They can reveal the relationship between different dimensions of student engagement activities
and demonstrate the impact of the instructor's lesson preparation. For example, LOCO-Analyst is a learning
analytics tool that models learning contexts and leverages semantic annotations of various learning resources.
Visualization techniques can be integrated to provide metacognitive support so that students can receive visual
guidance to develop learning strategies. Analytical tools can also be used to better understand student engagement
and performance by visualizing the impact of student engagement activities and monitoring activities on

engagement activities.

Overall, visualization techniques and learning analytics play an important role in education, providing valuable
information about student progress and learning strategies. The data presented to students and teachers can help
them better understand their learning processes and develop more effective learning strategies. Likewise, social
media text mining analytics and visualization can be used effectively to improve corporate learning and public
service quality. Learning analytics tools can help teachers effectively assess lesson preparation and increase
student engagement. All these methods are constantly being developed in the field of education and continue to

positively affect the learning experience of students.

Conclusion

The concept of learning analytics is focused on using data to enhance the learning process of students. Educators
can improve academic performance and streamline teaching methods by collecting, analyzing, and interpreting
data. However, it's important to consider ethical and privacy concerns and to continue researching and developing

this area. Learning analytics can shape future education policies and practices and unlock students' full potential.

Learning analytics is a data-driven approach that supports personalized learning and improves educational
processes. This method enables educators to understand student needs better and make informed decisions based
on data analysis. It's crucial to address ethical and confidentiality concerns and base decisions on research. This

approach offers valuable insights to enhance academic achievement and optimize educational processes.

Unlike traditional data analysis, learning analytics focuses on understanding students' unique needs, and tailoring

their learning experiences to match. By analyzing data in context and considering interactions, educators can use

115

~
| S—



From Data to Insights: The Power of Learning Analytics

ad hoc tools to process large amounts of data and create effective responses. This student-centered approach has

the power to enhance data-driven decision-making processes in education.

The use of learning analytics, a data-driven approach, offers educational institutions insights into student learning
and performance. This data can aid in providing personalized support and improving education programs. By
understanding the needs of students, educators can optimize their teaching strategies and institutions can improve
their services. Learning analytics is a valuable tool in education, highlighting the benefits of using data to enhance

learning experiences.

Learning analytics can improve education experiences by predicting student performance, identifying learning
characteristics, and providing personalized support. This data-driven approach allows educators to better
understand student needs and optimize their teaching strategies. However, it is essential to use learning analytics
with ethical and privacy considerations in mind. More research and technology support is needed to ensure the

effective and efficient use of learning analytics in education.

Learning analytics provides valuable insights to higher education institutions, aiding in decision-making
processes. It enables the prediction of student performance and the identification of students at risk. However, it
is crucial to consider ethical and privacy issues when using learning analytics. Further research and technology
support is needed to improve decision-making processes in education. The effective and efficient use of learning

analytics is a crucial step in increasing student success and personalizing the learning experience.

When it comes to learning analytics, several challenges must be addressed. Technical issues, such as providing
the necessary infrastructure and resources, ensuring data accuracy, and dealing with ethical and privacy concerns,
are among the most important. Additionally, there is a lack of understanding about what learning analytics is and

how it can be used, which makes it difficult to address privacy and security issues related to data collection.

To effectively use learning analytics, it is important to develop data literacy and support decision-making based
on analytical results. Confidentiality and ethical concerns are also major issues, and it is necessary to establish
ethical policies and frameworks, provide standards for data privacy and security, and promote transparency and
accountability in data analytics. The use of open datasets and data collection processes in learning analytics
projects must be approached with care and European Learning Analytics Community Exchange (LACE) project

and workshops guide in this area.

Data quality is another critical concern. It is important to ensure that data used in learning analytics projects is
reliable, confidential, and based on ethical and scientific standards. Fairness and impartiality should also be
ensured among student groups. Planning and using data quality assessment methods and tools play a critical role
in achieving reliable and effective results. Improvements in data quality will drive learning analytics achievements
and enable better decisions about student learning and educational experience. Ultimately, addressing these

challenges will enable learning analytics to effectively drive data-driven transformation in education.
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The use of learning analytics is becoming increasingly popular in high schools as it offers an effective solution
for personalizing student experiences, guiding assessments, and informing decision-making processes. This tool

processes and visualizes data collected from educational content.

Learning analytics can be an effective tool for increasing student engagement by providing actionable feedback
that allows students to make more active choices and monitor their study progress more institutionally. It can also
mediate information between the student and the institution, increase students' self-awareness, and function as a
feedback channel to adapt learning conditions to their needs. However, it is important to understand student needs,

use data ethically and safely, and adapt teaching strategies in a student-centered manner.

Real-time feedback from learning analytics has the potential to improve teaching and learning processes. The data
collected can help evaluate the performance of instructors and students and improve the quality of educational
content. It also enables better fitting student needs and instructional strategies by using a variety of data analysis

techniques. However, it is important to consider data privacy and ethical issues when using learning analytics.

In the field of education, learning analytics involves the use of various tools and technologies such as data analysis
tools, dashboards, social learning analytics, and predictive analytical models. These tools help to better understand
student behavior and learning processes, ultimately improving teaching methods. However, it's crucial to consider
ethical issues around the data collection process structure and student confidentiality. Both educational institutions

and the research community contribute to the development of learning analytics.

Learning analytics plays a vital role in building predictive models that learn from historical data using machine
learning algorithms. This helps to predict possible future outcomes and can be used in applications such as early
warning systems and personalized messages, by predicting student performance. It also provides students with
advice and recommendations that offer insights to improve their learning behavior. By making educational
processes more effective and efficient, learning analytics supports the student experience and provides valuable

information to educational institutions.

Students benefit from learning analytics by having access to visualization methods that provide valuable insights
into their learning processes. These insights include frequency of access to course materials, time spent, timing of
access, and frequency of posting to discussion forums. Visualization techniques such as social comparisons and
clickstream data can be used to understand student progress and learning strategies. These tools can be used
effectively to increase student engagement and evaluate teachers' lesson preparation. Continuously developed
within the field of education, learning analytics continues to improve the learning experience of students.
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Abstract

Global attention has been drawn to recent advances in artificial intelligence (Al), as it is evolving into a new area
of concentration for global competition and a new possibility for human and organizational progress. As Al
technology has flourished, so have its applications in education, with tremendous potential to deliver dynamic
assessments and enhance teachers’ performance. Performance management processes are extensive and stretched
out throughout the year, leaving evaluators to record and grade teachers based on their recent accomplishments.
Furthermore, since evaluators are always preoccupied, they simply record this action as completed with a tick
mark, obscuring or skewing the results, thus, making it impossible to grasp the individual’s potential in the
process. These drawbacks have necessitated the implementation of Al methodologies and tools in the performance
management systems of educational institutions. Al in performance management systems creates a data-driven
appraisal system that helps maintain transparency and avoids misapprehension, distrust, and biases. In this study,
we looked at the introduction of Al in education by assessing the impact of Al on performance management. The
study adopted the PRISMA framework to conduct a systematic literature review on the subject of interest. Laying
its foundation on the PRISMA framework, the methodology comprises the search strategy, the selection criteria,
quality assessment, and data extraction. The study shows that using Al in performance management as a means
for teacher evaluation and assessment can serve as a decision-making guide for the administration of institutions.
It helps to reveal teachers’ true abilities, helps teachers focus on teaching challenges and key issues, highlights
the shortcomings in their teaching activities, and enhances the essential assurance and support for teachers to make

genuine progress.

Introduction

Global attention has been drawn to recent advances in artificial intelligence (Al), as it is evolving into a new area
of concentration for global competition and a new possibility for human and organizational progress. Most
countries have begun to pay attention to the changes Al can offer to the growth of organizations (Yang, 2019). As
Al technology has flourished, so have its applications in education, with tremendous potential to deliver dynamic
assessments and enhance teachers’ performance (Zhang, Xiao, Li, Hou, et al., 2021). Al is improving education
efficiency by helping with academic and administrative tasks (Ahmad et al., 2022). Well-organized staff
performance is one of the components of any organizational progress, and good performance is demonstrated by
factors like dependability, affordability, efficacy, and client focus. Therefore, to identify and manage the factors
that affect employee performance and behavior, successful organizations worldwide have implemented artificial
intelligence (Al), in Performance Management Systems (PMS). A performance management system is defined as
a strategic managerial process that gives managers, leaders, employees, and interested parties at different levels a
set of techniques and tools to monitor and maintain, frequently plan, irregularly measure, and assess the
performance of the organization in terms of efficiency, effectiveness, and impact. The purpose of performance

management is to align an employee’s performance with the organization’s ultimate success (Rath, 2018).

In the education sector, the performance management system is been implemented through performance appraisal

which is a continuous evaluation procedure and a goal-oriented process used by educational institutions to achieve
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their objectives by constantly measuring and providing feedback to teachers to improve their performance and
help them achieve better results (Yambi & Yambi, 2020; Zhou et al., 2022). Through routine performance
appraisals (PA), which include continuing assessments of each teacher’s performance, these institutions gauge
and raise the value of their teaching force (Sutkowski et al., 2020). Teachers’ performance appraisal offers a
systematic framework to construct and guarantee a culture of professionals dedicated to catering to educational
requirements, such as increasing teachers’ effectiveness and students’ achievement. Thus, the appraisal of teachers
is critical in the study of performance management because it also makes extensive use of goal-setting and metrics
to identify progress and areas of individual strength. This offers many additional advantages not provided by the

yearly traditional assessment process (Sanchez-Prieto et al., 2020).

However, despite these benefits, performance management systems present some drawbacks, such as a lack of
automation and the potential for human errors. In addition, the performance management processes are extensive
and stretched out throughout the year, leaving evaluators to record and grade teachers based on just their recent
accomplishments. Furthermore, since evaluators are always preoccupied, they simply record this action as
completed with a tick mark, obscuring or skewing the results, thus, making it impossible to grasp the individual’s
potential in the process. These drawbacks have necessitated the implementation of Al methodologies and tools in
the performance management systems of educational institutions (Sanchez-Prieto et al., 2020). Al in performance
management systems creates a data-driven appraisal system that helps maintain transparency and avoids
misapprehension, distrust, and biases. Their applications in educational evaluation and appraisal are increasing
and have attracted much attention in recent years (Zawacki-Richter et al., 2019). Applications of Al in
performance appraisal open new possibilities for digital education, from automating and augmenting teaching and
evaluation in the classroom to enabling the next generation of digital education enhanced by Al (Popenici & Kerr,
2017; Vanleeuwen et al., 2020). This review seeks to examine the effectiveness of Al in teacher performance

evaluation, feedback, and productivity of higher education teachers.

Literature Review

Performance Management System in Education

Educating a population is argued by several economics studies to be a key to its development and prosperity. The
human capital concept, upon which these studies are based, states that monetary investments in a person’s
education and professional development pay off in the form of increased productivity (Carneiro et al., 2010).
Further research, according to Benlhabib (2019), has demonstrated a strong positive correlation between
development and high-quality education rather than quantity. From their findings they go on to explain, that
countries are under increasing pressure to implement performance management measures and accountability in
their educational systems, as well as to make substantial financial investments to boost education quality. They
argued that advocates of New Public Managerialism believe that schools may be made more efficient and
productive if they treat education like a commodity on the market rather than a public good or social service
(Benlhabib, 2019). Page (2016) argues that there has been a dearth of studies into the Performance Management
System (PMS) at academic institutions and that the studies that have been conducted have been framed in terms

of managerialism, performativity, and marketization. Instead of being bound by the constraints of the professional
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concept, PMS adopts the framework of the labor process theory and is consistent with the management concept.
Page continued by arguing that PMS has gained influence among teachers due to the ethical obligation of
teaching since it is generally believed that improved teacher performance translates into more positive learning
outcomes for students. From this point of view, school administrators have an ethical obligation to get rid of the
“bad teachers”, (Page, 2016) who are seen as the “problem” (Chiang et al., 2020) and are actively working against

the best interests of their students by avoiding their responsibilities and causing harm to their education.

Likewise, performance management’s incorporation into the educational system can be traced back to laws that
have been required or other forms of coercion imposed by the government. This is closely related to New Public
Management, a set of reforms made in the public sector. This reform in the form of a performance-oriented
approach has emerged as a critical competency for school administrators due to a direct result of the severe budget
constraints and the growth in expectations to improve the government’s efficacy, effectiveness, and transparency.
By law, principals must provide feedback on their teachers’ work and keep records of their evaluations. For this
requirement to be met, school administrators must first delegate tasks that contribute to the school’s overall
mission. In addition, they must provide regular opportunities for professional development and evaluation for
teachers. This puts many teachers in what is called a “performative condition” at work (Naidu, 2011). Schools are
expected to have a strategic plan in place to offer the necessary direction, and performance management as a tool
helps with this. This means that educational institutions should develop a long-term strategy outlining how they
intend to achieve their goals. Employees are also held accountable through performance management systems. In
other words, performance management is an effective means by which educational institutions can incorporate
additional opportunities for professional development and, thus, contribute to increased workplace performance.
This suggests that upper-level administration values professional development and thinks performance

management will increase opportunities for it in schools (Bulawa, 2012).

Avrtificial Intelligence in Education

The introduction of Artificial Intelligence (Al) into the educational contexts can 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 thought to be the most effective approach to teaching but was unavailable to most people (Bloom, 1984). Today,
Al technologies are increasingly being used to facilitate the management and delivery of education. Rather than
supporting teaching or learning directly, these system-facing applications are designed to automate aspects of
school administration, building on Education Management Information Systems. Also, the rise of big data,
artificial neural networks, cloud computing, and machine learning have all contributed to the development of a
computer capable of mimicking human intellect (Zhai et al., 2021). The term “artificial intelligence” (Al) refers
to a group of technologies that produce absolute magical results when combined with data, algorithms, and
processing power. Al can also be referred to as a software system, perhaps integrated into hardware built by
humans, capable of making a decision based on interpretation, perception, and reasoning using facts gathered
from the environment and applied to solve a difficult problem. Al is autonomous, i.e., it can make decisions
without requiring human intervention to accomplish a task- or purpose-related objective. It also possesses
adaptability, indicating that the system can perceive its surroundings and modify its behavior in response to

environmental shifts (Dignum, 2021).
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Furthermore, Al in the educational system is due to the increasing workload of teachers and the need to increase
teachers’ productivity. Artificial Intelligence in Education (AIED) helps identify the gaps in teaching and learning
and increases proficiency in education (van der Vorst & Jelicic, 2019). AIED helps the education system in
evaluation, assessment, prediction, personification, intelligent tutoring, and adaptive systems. It also has the
potential to address some of the biggest challenges in education today, innovate teaching and learning practices,
and ultimately accelerate progress toward SDG 4 (Robertson, 1976). Administrative tasks, such as student
monitoring, are made easier through automated systems, and the desktop computer has been joined in the
classroom by an increasing number of gadgets (Johnson et al., 2016). A huge rise in data generation and
computational power has occurred in tandem with the development of digital technologies and their growing
interconnectedness. This leads to the widespread use of intelligent systems that can learn from themselves, reason

like humans, and generalize from massive datasets (Xu et al., 2021).

Likewise, new Al-based teaching and learning solutions are being developed and tested in areas like performance
management (Bates et al., 2020; Roll & Wylie, 2016). Performance management necessitates school
administrators to participate in various activities with their respective teachers, such as evaluating the teachers’
performance (Wiener & Jacobs, 2011). Successful performance appraisal and management implementation
contribute to teachers’ efficient and effective teaching performance. Recent advances in artificial intelligence are
causing a revolution in the educational system by opening the door to individualized learning, improved teacher
evaluation and administration, and many other benefits. Al technologies are helping to determine the performance
levels of teaching professionals while simultaneously improving individual students’ curriculum and skill levels
(Kinshuk et al., 2016; Popenici & Kerr, 2017; Tuomi, 2018).

However, these rapid technological developments inevitably bring multiple risks and challenges, which have
outpaced policy debates and regulatory frameworks (Pedro et al., 2019). Irrespective of the glaring benefits of Al
in education, there is a potential risk concerning the fundamental human rights of both learners and teachers and
relationship building between teachers and students and among students. Berendt et al. (2020) argue that
fundamental human rights should be a priority and the starting point for the application of Al in educational
systems by considering how Al in education affects individual fundamental human rights and freedom. Students
and teachers, rather than Al tools, corporate organizations should be the main beneficiaries of the development,
marketing, and integration of Al in education. Guilherme (2019) indicates that the relationship between teachers
and students in the classroom should not be undervalued. Policymakers should be intentionally aware of the
necessity to balance the ‘technologicalisation’ of education and the creation of the ideal conditions since,

according to (Berendt et al., 2020), beyond data privacy, Al in education has an impact on basic human rights.

The Role of Al in Performance management

A Performance Management System is a method of recording and analyzing data on the accomplishments of
groups, individuals, and organizations. The purpose of performance management is to foster the growth of
employees’ capabilities so that they can fulfill and even exceed their employers’ expectations and realize their

full potential for the good of both themselves and the organization. It is preferable to carry out performance
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management in a manner that is supported by data, such as completion times for jobs or other performance
indicators. Artificial intelligence (Al) systems might make this data collection more efficient, making it possible
for administrators to obtain the appropriate data at the appropriate time (Stroet, 2020). Artificial intelligence has
provided considerably smarter, quicker, and better platforms than ever before, which has completely
revolutionized the method by which daily tasks are carried out. Also, the ability of Al to handle massive amounts
of information at breakneck speeds, accurately interpret that information, and eliminate human bias has led to

extraordinary gains (Pothen, 2022).

Furthermore, the approach to providing evaluations and feedback to workers is an essential component of every
organization. Its efficient management can contribute to increased levels of productivity among its workforce.
However the traditional performance evaluation method is rife with various flaws when put into reality. These
inaccuracies significantly impact how objective the evaluation can be considered. Hence, incorporating Al and
other scientific evaluation techniques into the appraisal process has helped simplify the procedure. Behavioral
tests that are trustworthy and were built using scientific principles have helped executives understand what
motivates and encourages their staff (Kumari et al., 2021). Artificial intelligence (Al) has enabled administrators
to more accurately evaluate their staff members' work toward achieving predetermined goals. Al not only helps
to ensure that performance evaluations are carried out, but it also enables a documentation system that stores the
results of various performance management tasks. Again, Al enables administrators to check their judgments and
ensure that their feedback is accurate by providing a second opinion. It assists the administrators in getting better
and offers them access to more data and information about the employees they are evaluating (Stroet, 2020).
Likewise, Al can assist administrators in better-identifying gaps in the talent pool and in providing targeted
training ideas to employees by assessing a person’s career progression using data from previous performance

assessments, skills, and hobbies. This data can be gleaned from an individual’s digital profile (Nantham, 2021).

However, utilizing Al provides many advantages and has numerous downsides that prevent it from replacing
people in performance management. This is because a significant financial cost is associated with incorporating
Al into the performance review process. If the software or the system's hardware becomes dysfunctional, it might
need a lot of effort and money to repair (Lucas, 2022). Al lacks a human aspect in that when Al is utilized, the
function of the manager shifts from being the individual accountable for conducting performance reviews to that
of a facilitator. Also, artificial intelligence can only learn and do tasks per how it was programmed. Al's lack of
human intelligence might have a detrimental effect on employees (Nantham, 2021)(Use of Artificial Intelligence
in Performance Reviews | Profit. Co, n.d.). Al may not be able to perform precisely well in every circumstance.
There will be situations in which performance evaluations based on Al won’t be able to take certain aspects into
account. In states like this, the judgments that need to be made require the wisdom of humans. Therefore, over-
reliance on artificial intelligence (Al) and connected technologies can limit human potential and the ability to

make sound decisions (Chernov & Chernova, 2019).

Again, the most significant drawback of Al is that it has ethical norms that are open to interpretation. When
businesses want more and more data, including personal data, artificial intelligence programs designed to acquire
personal data can become very intrusive. Also, employees’ reputations may suffer due to the performance reviews

related to the data. This might lead to a decline in the level of trust that employees have in the organization. It is
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of the utmost importance for organizations to seriously consider how and the specific areas in which they plan to
implement Al in the performance evaluation process. They need to carefully draw a boundary where artificial
intelligence merely supplements human intellect and assists managers in performing their jobs more effectively
and making better judgments, rather than taking over their duties and being intrusive while collecting data

(Nantham, 2021)(Use of Artificial Intelligence in Performance Reviews | Profit.Co, n.d.).

Method

The introduction of Artificial Intelligence (Al) is changing the face of many sectors. We looked at the introduction
of Al in education by assessing the impact of Al on performance management. The current study adopted the
PRISMA framework to conduct a systematic literature review on the subject of interest. Laying its foundation on
the PRISMA framework, the methodology comprises the search strategy, the selection criteria, quality assessment,

and data extraction, as explained below.

The Search Strategy

To identify the relevant literature for the review, the researchers developed objectives that were used for literature
identification. We used the Scopus and Web of Science databases and conducted a literature search on August 20,
2022. We developed key works in the first stage to search for the literature. The keywords include “artificial
intelligence and performance management.” In the second stage, we used a combination of words in the existing

literature to conduct another search for the articles. The combined words used are given in Table 1.

Table 1. The combined keywords

"performance management” OR “performance system" OR “teacher
performance evaluation” OR "performance appraisal*" OR “teacher
productivity" OR "teacher assessment™ OR "teacher evaluation" OR "teacher
outcome"” OR "teacher feedback™

AND
"artificial intelligence” OR "machine intelligence™ OR "intelligent support
OR "deep learning” OR "machine learning" OR "automated assessor*" OR
"intelligent agent*" OR "expert system” OR "neural network" OR "natural
language processing" OR "data mining"

Performance Management

Artificial Intelligence

Selecting Criteria

We constricted our search to works of literature that have been published in the fields of education alone as our
selection criteria. During the evaluation process, we did not include articles unrelated to the study’s scope and
those falling out of the defined period (i.e., 2000-2022). The researchers also considered only articles in English,
and finally, articles that did not address the study’s objective were excluded from the evaluation. Below are the
summary points;

= Full articles in English only

= Objectives of the articles identified should fall within the themes of the study

= Articles directly related to the research objective
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= Published between 2000 and 2022
Quality Assessment

Following the objective set out for the review, we obtained a search result of 285 papers—232 from Scopus and
53 from Web of Science. In the next stage, we filtered out all duplicated articles, which resulted in 280 papers.
The third round of screening resulted in the researchers removing 254 more publications because they were not
relevant to the study’s objective. Eleven (11) more papers were removed due to the methodologies used. Finally,
a total of 15 papers were used for this review. The framework in Figure 1 below shows the process of quality

assurance.

Data Extraction

We used the Microsoft Excel application to extract relevant information from the papers selected for the review.
The Excel sheet contained essential characteristics such as the paper’s title, publication date, authors’ details, DOI,

methodology used, and area of Al.

280 records identified from
Scopus & Web of Science databases

Identification

S

5 records identified
as duplicates were removed

l

280 records remained after
duplication

Screening

254 records removed
(incompatible with study's objective)

l

11 records removed
(due to methodological issues)

Eligibility

15 records qualified for final
review based on inclusion criteria

Included

Figure 1. The search, screening, eligibility, and inclusion processes diagram at each stage based on the PRISMA

guidelines
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Results

The Distribution of Articles by Journals

We analyzed the number of papers published by each journal in this field (see Table 2). The overall analysis from

Table 2 shows that the Journal of Mobile Information Systems and the Journal of Wireless Communications and

Mobile Computing have published two papers each, representing 13.33%. The rest of the journals have published

one article each. The journals published in this field include the Indian Journal of Science and Technology, the

International Journal of Innovation and Learning, Frontiers in Psychology, Computer Applications in Engineering

Education, etc. This implies that only a few journals significantly influence the publications done in this field.

Table 2. The distribution of articles by journal, percentage, year, and number of publications

The Distribution of Articles by Journals

Name of Journal Year Num_ber.of Percentage
Publication
International Journal of Intelligent Engineering & Systems 2018 1 6.67
Journal of Innovation and Knowledge 2022 1 6.67
Mobile Information Systems 2022 2 13.33
International Journal of System Assurance Engineering and
Management ’ ’ ’ 2021 1 6.67
Indian Journal of Science and Technology 2016 1 6.67
International Journal of Innovation and Learning 2020 1 6.67
Frontiers in Psychology 2022 1 6.67
Computer Applications in Engineering Education 2016 1 6.67
Journal of Intelligent & Fuzzy Systems 2020 1 6.67
Mathematical Problems in Engineering 2022 1 6.67
Journal Of Institutional Research (South East Asia) 2020 1 6.67
Wireless Communications and Mobile Computing 585; 2 13.33
Wireless Personal Communications 2021 1 6.67

Note: The two articles from Mobile Information Systems were published in the same year (2022)

The Distribution of Papers Published Over Time

To understand the publication trend in this field, we analyzed the number of papers published over time (see

Figure 1). The result shows that publication has been inconsistent for the past years. The highest number of

publications is seen in 2022, with six papers. The early 2000s (i.e., 2000 -2015) saw no work done in this field.

Two papers were published in 2016, with one published in 2018. Both 2017 and 2019 did not record any

publications. However, the number of publications sharply increased to three for 2020 and 2021. The sharp

increase in the publication in 2022 suggests a strong interest in this field among researchers.
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Distribution of Papers Published Over Time

Number of Publication
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Year of Publication

Figure 2. Distribution of papers published over time

Analysis of Author and Co-Authorship

Within this section of the article, we conducted an author and co-authorship analysis to demonstrate the
cooperation and mutual understanding that has developed among scholars working within this area. According to
the findings, 80% of the articles were co-authored, while 20% were single-authored. In addition, we did not
observe any group of writers publishing more than one paper. This can point to the fact that there is less effort in

collaboration within this research field.

Discussion

Al in Teacher Performance Evaluation and Assessment

Raising educational standards requires improving the overall quality of instruction, and one of the most essential
tools for accomplishing this goal is teacher evaluation. The purpose of evaluating the quality of teaching is to
provide support to educational reform, offer learners assistance in problem-solving, lessen the amount of pressure
placed on pupils, enhance standards, and encourage intellectual development. As part of educational management,
a system for evaluating the quality of instruction needs to be developed and continuously enhanced. Evaluating
teaching quality is difficult because of the inherent limitations in the traditional methodologies used to assess the
quality of instruction. As a result, the development and improvement of a method for evaluating the effectiveness
of teachers are essential for educational management (Zhang, Xiao, Li, Hou, et al., 2021). Zhou et al. (2022)
indicate that Al in teacher evaluation not only helps in considering many factors in the evaluation of teachers but
also improves teaching quality. This can be attributed to the validity and reliability of Al employed in teacher
evaluation which can serve as a decision-making guide for the administration of teaching authority since it can

reveal teachers’ genuine abilities, help teachers focus on teaching challenges and key issues, highlight the
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shortcomings in their teaching activities, and enhance the essential assurance and support for teachers to

accomplish genuine progress (Gao et al., 2020).

Similarly, the assessment process is essential to the teaching and learning processes. Instead of serving as a tool
for measurement, assessments are now used to help teachers improve their teaching (Ng et al., 2020). Even though
implementing performance assessment in education has moved at a snail’s pace, this aspect of corporate
applications is seeing fast development. Implementing performance assessment in schools helps students learn
more practical skills since the practice is centered on enhancing teachers’ performance (Meng et al., 2022).
Performance assessment is a highly important and delicate process, especially regarding assessing teachers
working in educational institutions. With performance assessment, teachers can improve their weaknesses and the
quality of teaching at institutions if their weak points are located through a system that provides an early warning
to notifications and rewards (Rashid & Ahmad, 2016). In addition, teachers’ capability, performance, knowledge,
and assessment significantly impact the standard of students’ education. These methods enable educational
institutions to assess teachers’ performance and choose the most qualified candidates for teaching positions.
Employing an Atrtificial Intelligence (Al) based cloud computing system fast-tracks teachers’ assessments and

helps school administrators conduct efficient recruitments (Kavitha, 2021).

Kavitha (2021) also provided evidence that Cloud Computing based on Data Mining can help educational
institutions evaluate and decide the classification rule to determine and hire the most suitable teacher based on
knowledge by utilizing a cloud database. This was demonstrated by the research that was conducted by Kavitha.
Through the use of the cloud computing platform, one can have access to the various resources that are now
available on the World Wide Web in an efficient and scalable manner. With the assistance of data mining, the
company can ensure the safety and dependability of the software management as well as the data storage. Zhang,
Xiao, Li, Hou, et al. (2021), and Cheng et al. (2020) likewise presented a unique model for evaluating the quality
of classroom instruction in higher education institutions based on improved genetic algorithms and neural
networks in their research. Their findings demonstrated that improving the neural network’s prediction accuracy
and convergence speed led to enhanced teaching quality evaluation findings, which in turn led to a more practical
framework for evaluating the teaching quality of professors at colleges and universities. Al in evaluating teachers’
performance is a suitable technique to evaluate their work since computer intelligence can adapt to various

indicators and influencing elements in the assessment.

Al-based evaluation tools enable administrators to fast-track assessment processes without external influences on
the assessment outcomes (Ng et al., 2020; Rashid & Ahmad, 2016; Samuel et al., 2014; Yang et al., 2022). Again,
using Al in teacher assessment is acceptable to users, especially when the system has been certified and helps
better predict teachers’ performance (Chen et al., 2021; Lamarca & Ambat, 2018; Samuel et al., 2014). The
application of Al in assessing teacher performance is a reasonable way based on the ability of machine learning
to different proportion indicators and influencing factors in assessment (Yang et al., 2022). There are many more
researchers who have used artificial intelligence in their studies to improve teaching quality, teacher performance,
and evaluation; examples are; C5 data mining (Cheng et al., 2020), Decision Tree Algorithm (Yan & Jan, 2022),
Convolutional Neural Network (Zhou et al., 2022), Clementine data mining (Gao et al., 2020), etc. By enhancing

Al prediction accuracy and convergence speed, teaching quality evaluation is enhanced, leading to a more useful
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methodology for assessment (Zhang, Xiao, Li, Hou, et al., 2021). Hence, scientific means of teacher evaluation
can be deployed with the use of Al, which will mitigate challenges in the current teaching evaluation system,
which is based on indicators of teaching quality achievements or subjective judgments of experts and subject

groups that cannot be comprehensive, systematic, and scientific (Yang et al., 2022).

Feedback on Teachers’ Performance

Feedback on teaching performance is the communication between teaching managers and teachers about teaching
performance. Teacher feedback is important to let the teacher know whether the teaching effectiveness has met
the set teaching objectives. Feedback is also one of the mainstreams of evaluation and is the key to the
effectiveness of teaching performance management. Simultaneously, schools should develop teaching
performance management systems based on big data to support teaching performance at all stages, including
feedback. When teachers are being evaluated, there is always a need to provide timely feedback to teachers in
other for them to facilitate the judgment of teaching strategies, ensure that the problems reflected in the evaluation
are also addressed, and also improve their teaching quality (Xin et al., 2022). Also, through timely feedback, the
evaluation result is tailed, classified, summarized, and analyzed through the web terminal. Most teaching
performance feedback summarizes the past performance and looks at the new evaluation cycle. Therefore, the

feedback process should focus on the performance indicators’ content.

The use of Al in teacher performance evaluation has the added advantage of close to accurately predicting the
expected performance of teachers based on available data. This enables the provision of corrective measures
before the occurrence of such outcomes in the future (Chen et al., 2021). Hence as opposed to the traditional
evaluation by subject experts, which cannot accurately provide feedback to mitigate the occurrence of a future
happening, the use of Al in evaluation solves that issue. In the field of education, artificial intelligence has the
potential to enhance the way administrators and students interact with the evaluation and feedback of teachers.
Automating assessment aims to reduce the amount of labor involved in marking and providing feedback.
Automation in teachers’ assessment and feedback can be enhanced by heavily relying on technology such as
natural language processing and artificial intelligence to give alternative assessment forms. Instead of the
traditional method of evaluation, which involves subject specialists who cannot offer accurate feedback to prevent
the occurrence of future unfair practices, Al automation pushes the education sector towards a more continuous
assessment cycle, improving the outcomes and experience of teachers (Chen et al., 2021; Zhou et al., 2022).
Providing feedback to educators can assist educators in gaining a better understanding of their capabilities, which
can be a vital first step toward improving procedures in the classroom. Recognizing such strengths and
shortcomings, providing information to inform decisions regarding resource allocation, and inspiring actors to
improve performance are all key elements that can promote policy goals such as school improvement,
accountability, and choice. Teachers’ professional development as educators, as well as their job security and job
satisfaction, are all significantly boosted due to the major impact that feedback has on both the teachers themselves
and the work they do (OECD, 2009).
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Work Productivity

Work productivity on the part of teachers plays an essential and strategic role in the provision of quality education.
This role can, for example, play a role in determining the progression of education quality through direct
encounters with students to provide them with skills and competencies. Because they are directly involved in
school pedagogical activities, teachers and educators play an extremely important part in achieving the national
education goal. As teachers need to organize, carry out, and supervise every educational activity to benefit the
school’s goal accomplishment, their productivity becomes a significant component of institutional aspects. These
aspects also entail teachers’ personalities and physical abilities, especially in the amount of work they do during
school hours. As already mentioned above, these productivity matrices can only be accurately measured and
improved with the application of automation processes such as Al and machine learning. The application of these
techniques for gauging teachers’ productivity is gaining significant attention, as seen in (Kavitha, 2021; Meng et

al., 2022; Zhang, Xiao, Li, Hou, et al., 2021; Zhou et al., 2022), etc.

Without Al in teacher performance evaluation, some teachers who work hard by combining teaching and
administrative work would not be seen as being the product for promotion since they cannot produce research
papers like other teachers in other fields such as Science, technology & engineering. Cheng et al. (2020) argue
that teachers who fall in the teaching cluster of universities are not seen as efficient and thus do not usually get
promoted since they cannot churn out research publications like those in the research clusters in the university
environment. The use of Al could improve teaching management quality hence increasing productivity. Meng et
al. (2022) demonstrate how using big educational data and benchmarking analysis could yield more insightful
results and new information for raising the caliber of teaching management quality and improving teaching

performance evaluation.

Conclusion

Since the 1970s, artificial intelligence has been employed in education, and in the present day, Al technologies
are being used more often to make educational administration and delivery more efficient. Using Al in
performance management as a means for teacher evaluation and assessment can serve as a decision-making guide
for the administration of institutions. It helps to reveal teachers’ true abilities, helps teachers focus on teaching
challenges and key issues, highlights the shortcomings in their teaching activities, and enhances the essential
assurance and support for teachers to make genuine progress. Advanced tools such as machine learning and cloud
computing present ways to evaluate the quality of classroom instruction in higher education institutions.
Additionally, using cloud computing platforms allows efficient access to a wide variety of resources now available
on the World Wide Web. In this mini-review, we have explored and summarized the currently available scientific
discussions on the use of Al in performance evaluation, particularly in the higher education sector. We analyzed
the number of papers published by each journal in this field between 2000 and 2022. A significant finding from
the analysis shows that adopting Al tools and processes in performance management in educational institutions is

beginning to gain widespread recognition among researchers.

Further analysis of author, co-authorship, and publication revealed that 80% of the articles were co-authored,
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while 20% were single-authored. No group of writers was found to have published more than one paper,
highlighting less effort in collaboration within this research field. Moreover, the Journal of Mobile Information
Systems and the Journal of Wireless Communications and Mobile Computing were found to have published the
highest with two papers each, implying only a few journals have influenced publications in this field. One
important finding from the review highlights the significance of implementing Al in teacher evaluation to address
problems with the current teacher evaluation system, which is largely based on indicators of teaching quality
accomplishments or subjective judgments of experts in a subject area and therefore lacks the capability of being
comprehensive, systematic, and scientific. This is of the utmost significance since performance management is
undergoing a fundamental shift from the outdated practices of the past (performance appraisal) to contemporary

practices that are more efficient, transparent, criteria-based, and feedback-oriented.

Older assessment methods have been shown ineffectual, and educational institutions are coming under increasing
pressure to bring their systems and capabilities up to speed with the latest trends in technological advancement.
Performance evaluations in educational institutions need to be more future-oriented, emphasizing development,
coaching, and assessment using innovative software and tools for performance management. These technologies
are critical for embracing innovative classroom performance management methods that encourage regular
dialogues about students’ and instructors’ successes, tailored growth, and increased visibility of those
accomplishments. In addition, they contribute to the motivation of the teaching staff, which is beneficial given
that most educators are driven by appreciation rather than financial compensation. On the other hand, educational
institutions must understand the advantages of implementing current performance management trends and

endeavor to meet set goals by satisfying their teaching workforce.

The results of this study offer readers, policymakers, and school administrators the most up-to-date information
available on the usefulness of Al in assessing, providing feedback on, and increasing the productivity of higher
education instructors. This research provides a systematic understanding of how Al-based teacher evaluation can
be used to evaluate and enhance teachers” work output, aid in the evaluation of instructional strategies, guarantee
that issues highlighted in evaluations are resolved, and ultimately boost the quality of instruction. Incorporating
Al into teacher performance evaluations can also ensure effective and constructive feedback to teachers which

can boost accountability, transparency, and productivity.

Future Research Opportunities

The review found only two papers using hybrid nature-inspired algorithmic approaches with neural networks
(Rashid & Ahmad, 2016; Zhang, Xiao, Li, & Hou, 2021). Nature-inspired algorithms (NIAs) are a group of
innovative problem-solving methodologies and approaches derived from natural processes. These algorithms are
extremely effective at finding solutions to multi-dimensional and multi-modal problems, as found in neural
networks. Popular NIAs such as genetic algorithm (GA) and particle swarm optimization (PSO) have widespread
usage in the literature. However, there are some limitations—they are parameter-based algorithms (leading to
some biases), longer computational time, and finding the optimum values and solutions is difficult. Thus, to

achieve better results in these Al-PM models, future researchers are encouraged to introduce other NIAs, such as
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the Jaya algorithm, without parameters algorithm recently developed by (Venkata Rao, 2016).

Future researchers are also encouraged to place more emphasis on the development of Al-PM-based parameters
as universal systems to achieve more fruitful outcomes in measuring performance management. These parameters
could play the role of a benchmark system, which is vitally important for the continuous monitoring and evaluation

of teachers to keep pace with the fast changes in education and the teaching profession.

Future research could be geared toward the use of big data in teacher evaluation. The use of big data in education
has received little attention in the literature. Unlike the other aspects of technology use in education, the use of
big data which has greater variety, arriving in greater volumes and at an increasing velocity, could help in really

understanding the efficiency and productivity of the teacher.
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Chapter Highlights

> Atrtificial intelligence has entered the field of teaching and education and has improved education by
providing teachers with practical teaching tools. Al applications such as virtual reality, simulations, and
providing students with practical skills are noteworthy.

» Al guides teachers by providing students with pedagogical tools such as customized teaching and
language learning tools. It also improves the work of teachers and trainers, increasing efficiency,
effectiveness, and quality.

» Al can increase the speed at which students learn and help instructors by identifying gaps. With the
ability to deliver customized content to students, it provides teaching that suits students' needs, abilities,
and skills.

» Al is used in administrative tasks, especially grading, plagiarism checking, and commenting on student
work. In this way, it helps teachers spend more time speeding up their administrative work.

» Al applications in education are an important tool to make the educational process more efficient and
effective. Future studies should delve even deeper into the role of Al in education and conduct more

research to understand the potential of this technology better.
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Abstract

The study aims to determine how Al may affect education. The research only examines how Al affects
administration, education, and learning. A preliminary inquiry that established a narrative and framework for Al
research determined this. The data show that educational institutions have widely adopted and used artificial
intelligence (Al). Computing and associated technologies created artificial intelligence (Al). It now includes web-
based and online intelligent education solutions. Al has also been used with embedded computer systems,
humanoid robots, and web-based chatbots to conduct teacher jobs alone or with human instructors. Teachers have
efficiently assessed and evaluated students' work and improved their instruction using these platforms. Due to
machine learning and flexibility, educational systems may modify curriculum and materials to meet student needs;

this improves learning outcomes by increasing adoption and retention.

Introduction

As a result of technological developments, many sectors are evolving to serve a wide range of fields, including
civil and military uses (Rodriguez-Andina et al., 2010). Cell phones and the internet are interconnected
technologies that significantly affect our daily lives (Huba & Kozak, 2016). There is a contentious debate about
how much screen time children should have among psychologists, educators, and parents. Another rapidly

expanding innovation can transform the educational system fundamentally.

Artificial Intelligence (Al) is a familiar technology or topic. Several novelists in the past, as well as science fiction
movies, predicted its rise to fame. While things have yet to go as planned, technology is here to stay and is causing
changes across the board. It is uncommon for technology to be created that has a broad impact across many
industries, including education (Nguyen et al., 2020; Minh T. Nguyen et al., 2021).

According to current estimates, experts believe that between 2017 and 2021, the United States will see a 47.5
percent growth in the use of artificial intelligence in education (Lobera et al., 2020). According to a survey on the
artificial intelligence market in the US education sector, this is true. Although many education experts believe
technology will not replace teachers' necessities, they acknowledge that it will impact how they carry out their

duties and the recommended instructional practices.

It's not just about altering the way instructors carry out their duties. Additionally, it is changing how students
learn. This growth is occurring in more than just the US. The use of Al in education is anticipated to grow globally
at a rate of 45% annually, reaching $5.80 billion by 2025, according to the market research engine (Berendt et al.,
2020).

The study explored how Al has changed education's administrative, instructional, and learning components. Al in
education started with computers and computer systems and evolved into online learning platforms. Embedded
technologies allow cobots and humanoid robots to function as teacher colleagues, autonomous educators, and

chatbots. Robots on various platforms and technologies have enhanced instructors' efficacy and efficiency,
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improving educational quality. Al has enhanced students' learning experiences by customizing and personalizing
learning materials based on their needs and skills. Al has greatly influenced education, notably in administration,
instruction, and learning in the educational system or individual educational institutions.

The paper's organization continues: Section 2 covers recent Al education applications. Section 3 discusses Al
background and technical features in education to demonstrate technological applications. In parts 4, 5, and 6, Al
techniques in teaching, learning, and educational management are discussed, along with their effects. Section 7
concludes and plans future work.

2. Recent Applications of Al in Education

The educational system is very dependent on outdated practices. Although there are knowledge gaps in the current
grading systems, a dose of Al tools and technology can usher in a new era of automation. According to estimates,
the market for Al in education will grow to $3.68 billion by 2023, according to marketsandmarkets.com, with a
CAGR of 47 percent from 2018 to 2023 (Subrahmanyam & Swathi, 2018). Educators should consider designing
a digital transformation inside their area to include the relevant Al technologies that generate the intended

outcomes. Let's look at some of the most important Al uses in education (Vincent-Lancrin & van der Vlies, 2020).

2.1. Universal Access to Education

Providing high-quality education to all students, regardless of region or race, is difficult. However, Al can
dramatically improve student-teacher and peer-educator interactions. Al technologies provide intelligent data
collection, tailored timetables, unique occupations, and 24/7 education. They can also build language translations,
subtitles, and regional plug-and-play applications to promote universal learning and eliminate outmoded or
inefficient instructional methods (Guilherme, 2019). Al-powered systems can analyze enormous volumes of data
in real-time and integrate the cloud, allowing businesses with global branches to do short administrative, testing,

and instructional duties identically.

2.2. Admin Tasks

In schools, colleges, and institutions, automate scheduling, rescheduling, attendance, grading, financing,
bookkeeping, and record-keeping (Sharma et al., 2021). This simplifies the routine, removing boring tasks the

employee no longer does. Al can aid in many jobs, including:

e Eliminating truancy warnings
e Automatically send report cards and other correspondence to parents.
e Schedule and plan meetings.

e Send normal student forms, enrollments, and other documentation to the appropriate department via
automation.
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e Reduce the amount of time spent on progress reports.

e Make any other record-keeping chores more efficient.

It may allow professors and teachers to concentrate on increasing educational quality rather than laborious

paperwork and lowering work strain.

2.3. Assessment Programs

After collecting measurements for scoring assignments from teachers or professors, Al-powered grading software
employs machine learning to develop calculating methods (Alam, 2021). The tools mimic how teachers grade
pupils. Teachers' input and Al can swiftly evaluate essays, papers, and tests in several languages. They may swiftly
incorporate them into a virtual environment or cloud platform. It helps instructors focus on other activities when

there are numerous papers to grade.

2.4. Voice-activated Tools

Voice assistants are a fun and practical method to help users and bring learning into the home. The following are
some of the advantages of voice assistants in education:

o  Efficient time saving for students and teachers
e  Community learning opportunities

e  Personalized instruction in seconds

Even if they don't have smart speakers, these Al-powered voice assistants can be used in smartphone apps.

2.5. Personalized Education

Al technologies help students learn by creating tailored study programs and tailoring lessons. They discover
knowledge gaps and provide instructional resources, evaluation tools, and feedback for preschool through college
students. Al-powered software, games, and applications may help students learn at their own pace, time, and
repetition needs. This machine-assisted classroom helps teachers tailor lessons to students. It may greatly improve

flexible learning and give all learners a firm foundation (Rad et al., 2018).

2.6. Smart Content

Smart content can range from digital textbooks, manuals, instructional snippets, and videos to Al systems that
create individualized educational environments depending on tactics and goals. Find ways to use Al to personalize

education, a worldwide trend. Using web-based curricula, schools can create AR and VR learning environments
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(Elkoubaiti & Mrabet, 2018). Al monitoring and assessment systems can simplify content for different learning
types and varying learning speeds. Al and machine learning algorithms may discover curricular gaps and help

teachers address them when many pupils give erroneous answers.

2.7. Intelligent Tutoring

Intelligent tutoring systems (ITS) can provide personalized feedback and teaching (Mousavinasab et al., 2021).
They cannot replace instructors since they are not mature enough to learn. They can help when human instructors
cannot teach and assess small online classes. E-learning platforms may teach languages, geography, circuits,
medical diagnostics, computer programming, mathematics, physics, genetics, chemistry, and other disciplines.

Engagement, grading, and comprehension guide their design.

2.8. Virtual Learning Environment

VR technology lets students engage with information on their mobile devices or laptops. Virtual learning
environments can promote immersion, group learning, and student counseling. Virtual reality headsets can help
ADD/ADHD kids focus by blocking distractions (Huda et al., 2018). Interactive virtual simulations offer students

soft skill coaching, life skills, and self-development.

3. Al Background and Technical Aspects in Education

3.1. The Background of Al and Approaches in Education

Acrtificial intelligence (Al) is often used to describe computers. Computers may have been the foundation of
artificial intelligence, but a review of various articles shows a shift away from computers, hardware, and software.
Thanks to embedded computers, sensors, and other technologies, Al can now be integrated into robots, buildings,
and other devices (Do et al., 2021). In reality, the research defines and accounts for Al twice. They call Al a theory
and a field. Al is an area of computer science that addresses several cognitive tasks related to human intelligence,
including learning, comprehending problems, identifying patterns, and adapting (Hwang et al., 2020). The paper
defined Al as a theoretical framework for designing and applying computer systems with intelligence and the
ability to perform human-like tasks like speech recognition, visual perception, language translation, and decision-

making.

Many academic definitions and studies of Al highlight similar elements or qualities. Sharma et al. call Al "devices
that can approximate human reasoning" (Verma et al., 2021). Like this, Al requires decades of study and
development. System designers, data scientists, product designers, statisticians, linguists, cognitive scientists,
psychologists, education experts, and others collaborated to create intelligent education systems that could support
teachers and students (Nagao, 2019). Al is founded on enhanced software and program skills, such as algorithmic
machine learning, which allows computers to do activities that require human intelligence and environmental
adaptability (Nguyen et al., 2021). Artificial intelligence—a machine's or computer's ability to replicate human

intelligence and behavior—was also seen (Cabezas-Gonzalez & Casillas-Martin, 2021).
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Artificial intelligence is the development of computers with some intelligence and the capacity to do human-like
tasks, including cognition, learning, decision-making, and environmental adaptation. Therefore, some qualities
and concepts are essential for Al. This definition and discussion of Al conclude that intelligence, a machine's

ability to do activities that require human-like abilities, is a significant component.

New applications, including face unlocking, speech recognition, natural language translation, virtual reality, Al,
and machine learning, have gained interest in mobile device usage to improve computing quality. Machine
learning demands a lot of computational power for complicated training and learning. Computationally efficient
systems have solved this challenge. Qualcomm launched the Snapdragon Neural Processing Engine in 2016 to
accelerate GPU neural network operations. HiSilicon offered HiAl for neural network operations. The Android
Neural Networks APl was designed to run machine learning models quickly on mobile devices (Hojjatinia et al.,
2020). This API benefits mobile users by reducing network latency and complexity. SqueezeNet, MobileNet, and
Shufflenet are well-developed mobile phone Al learning networks (Zhou et al., 2021). Al on mobile devices
makes learning faster, more engaging, and more personalized, elevating mobile education. Because Al can
connect students to virtual classrooms, virtual reality helps build a worldwide classroom. Al-powered chatbots
customize online learning and transform instructor interactions into chats. Students' understanding may be

assessed using this technique.

3.2. Technical Aspects in Education

As shown in Table 1, Al approaches can benefit the educational sector in various circumstances. Examples of Al-
assisted education include innovative virtual learning, intelligent teaching, and data analysis and prediction. Table
1 lists the main applications of Al in education along with the key technologies that underpin them. It's important
to note that as learning requirements rise, Al-enabled education is becoming increasingly important
(Pokriv¢akova, 2019). Intelligent education systems provide timely, personalized training and feedback to both
teachers and students. They mostly use machine learning-related technologies (Perrotta & Selwyn, 2020), which

are strongly related to statistics models and cognitive learning theory, to increase the value and effectiveness of

learning.
Table 1. Al technigues with scenarios in teaching and learning.
No Al education scenarios Al possible techniques
1 Intelligent schools Virtual labs; A/R; VIR; hearing and sensing

technologies;

2 Online and mobility of remote education  Virtual personalized assistants; Edge computing; Real-
time analysis;

3 Personalized intelligent teaching Intelligent teaching systems; Data mining or Bayesian
knowledge interference; Learning analytics;

4 Grading and evaluation Computer vision; Image recognition; Prediction

systems;
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5 Students and Schools' assessment Academic analytics; Adaptive learning methods;
Personalized learning approaches;
6 Building curriculums Big data data analysis; Clustering algorithms; Machine

Learning or Deep Learning technology;

Al systems use machine learning, data mining, and knowledge model methodologies for learning analysis,
recommendation, comprehension, and acquisition (Chen et al., 2022). Teaching materials, data, and intelligent
algorithms comprise an Al education system with two parts: the system model (which contains the learner,
teaching, and knowledge models) and the intelligent technology (Kim et al., 2020). Figure 1 shows that a model's
contribution to a data map, which builds structures and association rules for education data (Romero & Ventura,

2020), is crucial to learning. The model is an artificial intelligence system's brain.

The learner model improves Al learning systems' autonomy. Information from students' behavior while learning
determines it. Students' ideas and talents are examined to determine their learning capacity. The learners'
knowledge mastery is assessed by mapping the knowledge analysis's findings—Ilearner modeling links learning
objectives, resources, tools, and instructional techniques (Chassignol et al., 2018). The knowledge model produces
a knowledge structure map with learning components, sometimes adding specialized information and instructions
to avoid typical mistakes and misconceptions (Yang & Zhang, 2019). The teaching model established the
knowledge field's norms, which combined the learner and knowledge field models, allowing instructors to

personalize instruction.

Students are more inclined to conduct themselves well, act well, or ask for help as they learn. Al systems can
always use the tutoring model's teaching theories. The user interface displays learners' performance through
speech, typing, and clicking and outputs words, figures, cartoons, and agencies. The sophisticated HMI performs

Al functions, including speech recognition, emotion detection, and natural language interaction.

a- Machine Learning

The core of machine learning is the process of parsing, which produces meaningful patterns and organized
information based on a sampling data set known as "training data. For instance, machine learning can help students
choose classes and even universities by providing recommendations. It "matches" students with institutions where
they can grow the most by using data on student success, aspirations, and preferences. Additionally, this
technology can help teachers better understand how students absorb each concept (Goksel & Bozkurt, 2019). To
help students grasp the course material better, instructors can modify their teaching strategies in response to
cumulative student performance data. For instance, photo recognition and machine learning predictions can be
used to assess tests and homework for students, yielding results more quickly and reliably than humans. Deep
learning, a branch of machine learning, has received much media attention lately. The most commonly used
methods are decision tree learning, inductive logic programming, clustering, reinforcement learning, and Bayesian
networks. From a technical perspective, deep learning emphasizes the learning of successive layers that produce

increasingly meaningful representations. These layer features, arranged in literal layers stacked on top of one
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another, are extracted using neural networks.

b- Learning Analytics

Learning analytics uses student characteristics and knowledge objects from learner and knowledge field models.
Learning analytics applies machine learning to education. Intervening with at-risk pupils or offering feedback and
instructional content is one way to tailor education to specific students (Balica, 2018). Machine learning, data
visualization, learning sciences, and semantics are used. Al-based competency learning may uncover student
insights and predict their fundamental abilities, allowing institutions to respond proactively. Al's broad learning
capabilities and competency-based learning power learning analytics. Al can identify prospective dropouts based
on multiple characteristics, providing schools with early warning systems and actionable data. Learning analytics
should expand to encompass interpersonal skills, the arts, and literature, which complicate evaluating
competencies and learning outcomes. Learning analytics must be specialized enough for individual learning
environments and wide enough for numerous institutions and courses. Innovative learning analytics will help

students, instructors, administrators, and institutions learn.

c- Data Mining

Educational data mining provides automatic, methodical answers. Al-based educational data mining creates
intrinsic association rules and customizes information for students. A few writing exercises can assess student
demographics and grade information (Chien & Chen, 2008). This is done via machine learning regression, which
may also predict student achievement. Data mining improves knowledge acquisition and learning by

understanding learning situations and students.

Data mining extracts hidden information through pattern recognition and predictive modeling, allowing educators
to alter curriculum development. Data mining-based Al can help students study at their own speed and choose
their learning technique from knowledge field data, which is one of its most important uses. In customized
learning, students choose topics that interest them, and teachers modify their teaching methods (Walkington &
Bernacki, 2020). Data mining helps Al develop more accurate and reliable intelligence (e.g., via machine

learning).

Figure 1 shows how Al education's technological framework develops a data map with structures and association

rules for educational data.
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Learning Content Knowledge
map map structure,
Course Target Student profile Personality Instructor data
Knowledge Machine Reinforcement Computer Natural language
Inference learning learning vision processing
- ——— == U ——— e - ————
| Course Adaptive Learning Customized Knowledge I
| assessment learning analysis teaching acquirement |
\ /

Figure 1. An illustration of the Al education technological structure

4. Al in Teaching

The papers discovered and analyzed show that Al systems have invaded teaching and education. Al helped create
and execute effective instructional tools. These tools have improved education, as seen in Figure 2. The graphic
displays Al applications for instructors. Al platforms and instructional aids are highlighted in several publications.
In (Felix, 2020), virtual reality is used to teach pupils or demonstrate knowledge. Pedagogical tools and platforms
include Al applications like simulation-based education. Other projects have considered using virtual reality as
an Al component in education. Virtual reality, 3-D technologies, and highly interactive simulations have been
shown to assist pupils in learning concepts (Ahmad, 2018). Through virtual reality and simulation, Al guides

medical students through practical topics like procedures and human anatomy.

Other research has focused on integrating Al into machines or robots, developing strong instructional tools, and
improving pedagogical approaches. According to some research, integrating Al principles into robots and
developing and using cobots as teacher assistants and colleagues can help students learn to read and pronounce
words (Eguchi, 2021). The study found that using Al in education, especially as instructional tools and with other
technologies, has spurred the development of better teaching tools (Desyandri et al., 2019). Pokrivcakova, on the
other hand, promotes chatbots and Al integration in computer applications. Chatbots can answer student questions
and offer instructional information (Kristanto & Mariono, 2017). Al lets humanoids and robots think, decide,

communicate, and converse, making them useful educational aids.
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Figure 2. Contents of Al technologies to support teaching roles in educational areas

Due to the article's analysis, several Al education applications were found. Studies examine intelligent tutoring
systems in various ways. Rus et al. state that animated conversational agents like chatbots or robots and intelligent
tutoring systems (ITS) that communicate and hold dialogues have improved teaching (Chen et al., 2016; Nino,
2020). Pokrivcakova's Al education apps, like CALL, which gives pupils personalized teaching and language
learning writing and translation tools (Nino, 2020), focus on the same themes. Al is also used in education to give
teachers or instructors directions. Al in web-based education, notably AIWBES, has made teaching and adding
teacher-like capabilities important tools for instructors. The use of AIWBES in teaching and the incorporation of

teacher-like functionalities make the platform a strong tool for instructors (Koh, 2019).

IWBE, or intelligent and adaptive web-based systems, in which teachers are studied and presented as social agents,
are more likely to be discussed to ensure that web-based education is an effective and organized way to enhance
the learner experience. The technology then understands and supports teachers in instructing pupils (Pardo, 2018).

It supports instructors' instruction as a standalone educational tool. Several technologies and methods use Al.

Discussion of the impacts

Figure 2 shows how teachers used Al in instruction in this research. Numerous studies show that educators readily
adapt and use Al as a teaching aid or educational tool. Al in instruction and pedagogy has greatly affected this
part of education. Numerous studies have shown that it improves instructors' productivity, efficiency, and quality.
Delivering relevant material according to the curriculum and the learner's needs and skills determines

effectiveness. Assimilation and retention of knowledge by students or learners assess efficiency and quality. Given
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these operational definitions and descriptions of efficiency, quality, and effectiveness, the study's findings suggest

that Al has helped education achieve quality, effectiveness, and efficiency.

Al boosts instructional efficiency. Rus and his colleagues (Chen et al., 2016) claim that employing evidence-based
or empirically supported strategies, such as widespread usage of cognition and learning models (Huang & Rust,
2018), has helped pupils learn and remember the most. As Rus et al. noted, learner-centered systems like
DeepTutor and AutoTutor enable customization and tailored information based on the learner's skills and needs,
improving the learner's experience and encouraging learning objectives. Al has increased instructional quality and
efficacy since current technology-based adaptive systems tailor materials and information to learners'
requirements, delivering an ideal learning experience (Alammary et al., 2014). Al improves course content
distribution, especially on online and web-based learning platforms, from curriculum development through

delivery.

Al, especially its incorporation into online and web-based learning platforms, has improved education since it
allows these platforms to generate and utilize outstanding teaching materials (Kahraman et al., 2010). The same
learning benefits were seen in other investigations. Estevez et al. (2019), emphasize the importance of adaptable
IWEBS and instructions based on observed and learned learner behavior. These characteristics improve learning
and instructional efficacy by allowing platforms to personalize pedagogical strategies. CAL and CBT use a "put
it all on the web" approach and may not meet students’ learning needs, while ITS customizes, individualizes, and
personalizes learning (Lambropoulos et al., 2015). Al has improved education, notably in terms of efficacy and
efficiency. Al tutoring systems were created to overcome the problems of one-on-one teacher-student tutoring,
improving instructors' jobs (Darling-Hammond, 2017).

The investigation revealed several major themes or ways Al has affected instructors' jobs. Technology,
particularly artificial intelligence (Al), can promote academic integrity through plagiarism checks, proctoring, and
online student monitoring on Grammarly, Turnitin, and White Smoke (Alam, 2021; Fazlollahi et al., 2022; Maxim
et al., 2016). In other research (Hite et al., 2019; Schelly et al., 2015), gamification, which leverages Al for
education, improved instruction. Virtual reality and 3-D technology are also part of gamification. These studies
also discussed the benefits of VR and 3-D simulation, team-viewer tools, and gamification to improve education.
Another study found that expressive humanoid robots with dialogue and conversational skills can improve
educational quality by encouraging student involvement (Kaendler et al., 2015; Masika & Jones, 2016; Scull et

al., 2020; Straul & Rummel, 2020) due to their expanded capabilities and human-like looks.

5. Al in Learning

Learning, a crucial part of education, is also studied. With good learning resources and instruction, artificial
intelligence may help students learn faster. Al can also help students catch up faster by alerting professors to
concerns the human eye misses. Figure 3 shows how Al has been embraced, employed, or abused to help students'
learning in the study's many papers. Software that uses Al to enhance student learning has also been found. Al

has greatly improved student learning by tailoring curriculum and content to students' needs, talents, and abilities
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(Xie et al., 2021). Adaptive learning software uses Al or machine learning to "adapt" a student's learning route in
real-time. Teaching pupils to acquire and retain information can be done in numerous ways (Chee et al., 2015;
Holmes et al., 2021). Al in education has erased national and international barriers, enabling global online and
web-based learning (Kumar & Sharma, 2016; Tekin et al., 2015).

Publications identified platforms and applications. Some systems allow content customization and
personalization, which improves learning and retention. Knewton uses machine learning algorithms to make real-
time recommendations to students based on their learning preferences. It then tailors course content to their needs
(Williamson, 2016). Other systems with comparable characteristics, such as Cerego, Immersive Reader, and
CALL, can improve students' educational experiences from pre-kindergarten through university bachelor and
graduate programs (Schonert-Reichl, 2017; Williamson, 2016). The authors also showed that Al and chatbots
improve students' learning experiences by employing machine learning algorithms to personalize information to
their needs and competencies (BeneSova & Tupa, 2017). The author also discusses how machine translation,
adaptive educational systems, and intelligent tutoring systems use Al to help students. Al customizes and

personalizes content to meet learners' skills and needs.

However, past research has demonstrated that Al applications dramatically impact learners' experiences.
Intelligent tutoring systems (ITS) and simulation-based learning enhance deep learning, which improves student
learning (Hwang et al., 2016). Mikropoulos argues that simulation and virtual reality improve student learning
(Ahmadi & Reza, 2018). Simulation, virtual reality, and other Al-based learning technologies assist students in
becoming future-ready and able to keep up with Al in industry (Galloway & Swiatek, 2018). Another example of
Al helping kids study is AIWBES. AIWBES generates learned material more adaptively. Kahraman et al. says
AIWBES' interactive problem-solving will help students complete these tasks by providing qualified assistance
at each level (Cantabella et al., 2019). The same Al capabilities are mentioned in online learning. IWBE, or
intelligent and adaptive web-based systems, especially multi-agent systems (MAS), treat learners as social agents,
analyze their behavior, and adjust by providing relevant information (Ikedinachi et al., 2019; Sharma et al., 2019).
Al's integration, acceptance, and use in education have focused on enhancing students' experiences despite its

significant influence on other parts of education.
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Figure 3. Contents of Al techniques to support learners

Discussion of the impacts

This research also investigates how Al has affected student learning. Al's conversational agents question and prod
pupils until they can explain themselves and their logic, boosting information intake and retention, according to
Rus et al. (Salem, 2019).

Some research suggests Al can help students learn. Al may assess learning progress, including knowledge and
understanding, and utilize the results to improve the system's capacity to personalize content to students' needs
and abilities, encouraging them and exploiting their unique skills to promote retention (Pinchbeck & Heaney,
2022; Salimon et al., 2021). Al allows Pokrivcakova to build and employ intelligent learning systems and adaptive
material customized to each student's learning requirements and skills, such as intelligent virtual reality and
simulation teaching and learning, which increases learning (Villegas-Ch et al., 2020). Simulation and other similar
technologies aid education. Simulation and other technology increase learning by giving students hands-on
experience. The researchers reviewed studies showing VR and 3-D technologies boost learning usability,

enjoyment, excitement, motivation, and engagement (Raja & Priya, 2021).
Later research on web-based systems demonstrated significant Al and learning quality gains. According to

Kahraman, adaptive hypermedia, information filtering, class monitoring, and collaborative learning improve
student engagement, interactions, and learning (Kabudi et al., 2021). Peredo et al. connected AIWBE to better
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learning and noted that web-based systems tailor instructions and materials to discover and evaluate learner
activities. StudentTracker middleware tailors AIWBE pedagogy using online learner data, including completed
tasks, learning tracking, time, and others (Davies et al., 2021). Web-based platforms encourage learning through

cost and global availability (Coma-Tatay et al., 2019). Platforms boosted learning overall.

More research showed Al's learning benefits and influence. Turnltin and Pearson's Write-to-Learn have increased
learning using Al for writing and editing (Crossman, 2019; Haldorai et al., 2021; Mehtab & Mahmud, 2022).
However, several studies have shown Al may harm learning. Pangrazio et al. (2022), say Al may make paper
mills and paper-churning platforms easier for students to use, encouraging dishonesty and undermining academic
integrity. According to research, Al for learning offers more benefits than drawbacks (Kassymova et al., 2020;
Sadeghi, 2019).

6. Al in Educational Management

This chapter discusses Al research in education, focusing on administrative duties. Al is expected to impact
administrative jobs, including grading, reviewing, and giving comments on students' work. Sharma et al. assert
that Al has boosted institutional and administrative productivity, particularly for distance and online learning
(Gandedkar et al., 2021). Some systems, like Knewton, help professors provide students with feedback based on

how they utilize them. Other research on administrative support systems takes similar views.

For example, intelligent tutoring systems (ITSs) may grade and comment on student work (Al-Hanjori et al.,
2017). Instructors who use ITS are more efficient at administrative activities in addition to their main duty of
guiding students to success. Mikropoulos and Natsis' study validates these conclusions: Al has made
administrative chores like grading student work more efficient (Hanewicz et al., 2017). In today's online learning
environment, tools like Turnitin and Ecree give suggested grading, check for plagiarism, and let teachers perform

various administrative tasks. Al speeds up administrative tasks that would take a long time without it.

Discussion of the impacts

Al has greatly influenced education administration and management in many forms and for varied purposes. It
has helped professors grade and provide students with feedback. Instructors may easily grade and comment on
students’ work with AIWBE systems (Reis et al., 2019). Websites like Knewton help teachers grade student work
and provide comments on learning progress (Alnahdi, 2019). Al has simplified administrative tasks and enhanced
teachers' instruction. With intelligent tutoring systems' various features, teachers may grade and give comments
(Goralski & Tan, 2020).

Other Al-powered apps help professors identify plagiarism, grade, and offer students feedback on their work.
Grammarly, Ecree, PaperRater, and Turnltin are examples. Al has greatly reduced instructors' paperwork and
administrative tasks, allowing them to focus on teaching and disseminating information according to the

institution's or nation's curriculum (Chamunyonga et al., 2020; Paek & Kim, 2021). Even though many of the
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articles evaluated focused on other areas of education, there was an improvement in the quality of administrative

tasks and processes and the efficiency and productivity of instructors or educators in completing them.

7. Conclusions and Future Work

This research sought to determine how Al will impact schooling. A qualitative literature review was the research
strategy and approach. The study analyzed professional journal articles, publications, and conference reports to
reach its purpose. Computers and computer technology have enabled the development and usage of artificial
intelligence (Al) in numerous sectors. Al, which has a major influence on its industries, was made feasible by
introducing personal computers and subsequent processing and computing advances. The educational institutions

studied in this research have widely embraced and deployed Al.

Al has various educational and technological uses. Some professions use Al to examine comprehension issues,
instructor backgrounds, and school infrastructures to build curriculums. Al helps instructors, students, and
administrators arrange for study or instruction. Opening concerns and adding challenges might cause field

researchers considerable problems.
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