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ABSTRACT

Despite decades of study, the widespread use of ChatGPT and DALL-E has ignited
a public discussion over the role of artificial intelligence (Al) in education. A plethora
of research on Al-driven system design, deployment, and evaluation is available in
the existing literature. Nevertheless, in light of the difficulties posed by Al's
expanding social influence, it is necessary to reevaluate the theoretical underpinnings
of Al in the classroom in order to direct future studies and influence legislative
decisions. In this special edition of Computers & Education: Artificial Intelligence,
eleven articles delve into the topic of preparing students for the Al era. The papers in
this collection are organized into seven main themes. The first theme examines the
space of coordination between Al and humans. The second theme delves into the
challenges and opportunities of using Al in educational assessment. The third theme
is about explainability in Al, which is critical for humans in education to understand
and trust Al. The fourth theme is design for learning, which offers principles for
designing Al-driven systems and educational opportunities. The fifth theme is
conceptual Al and learning, which explores the need for new theories of learning and
their connections with existing theoretical foundations in education. The sixth and
final theme is about the application of Al in classrooms and educational systems.
Research and policymakers face serious problems and possibilities as a result of Al's
widespread use in classrooms, as seen in the results of these studies. In addition, they
stress the importance of future studies that investigate: the ethical, biased, and far-
reaching implications of Al in the classroom; the difficulties of sourcing and owning
data, which is the primary driver and enabler of modern Al; the Al literacy and
competences of stakeholders affected by and using Al in the classroom; the best ways
to teach and learn using Al; and the creation of policies to make educational systems
more adaptable to the fast changes brought about by Al..
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INTRODUCTION

Many have exaggerated the potential effects of artificial intelligence on society ever
since the field's inception. The majority of advancements in artificial intelligence have
taken place in secret and within research facilities, however there have been sporadic
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instances of remarkable success, including DeepBlue and AlphaGo. The public's
expectations of Al's eventual domination have either not been fulfilled or have been
significantly delayed compared to the predictions. It seems that early signs of how Al
might interact with humans are beginning to surface by late 2022, following a year of
fast advancements with generative Al (technologies such as text-to-image, large
language models that generate reasonably coherent text with only brief instructions, and
text-to-video tools)[1-5]. As a result of Al's use of GPT-3 and Stable Diffusion, the
production of original text and pictures is no longer limited to human activity. As they
delve into theories of mind, states of knowing, and consciousness, cognitive scientists
and philosophers continue to debate whether outward signs of creativity reflect genuine
inventiveness. Publicly, these Al advancements bring up both exciting possibilities for
the future of human-Al interactions in many knowledge and creative endeavors and
concerning worries of bias, ethics, fairness, and accuracy. Equally important are
concerns about the function of humans in the future of Al interactions [6-18].

Innovations like essay writing tools have raised crucial problems, especially in the
education sector. Most importantly, how can students be evaluated when they can
produce a high-quality paper using just a few clever cues and a few seconds of their
time? A new issue emerges: how can academics and teachers describe and explain the
nebulous area where artificial intelligence (Al) meets the needs of education and
learning, and how does this connect to cognitive processes in humans [19-38]

This special issue delves deeply into the topic of the issues that the education industry
as a whole encounters and how they will affect learning. Even though Al has recently
sprung from business and academic laboratories, the apparent competence of huge
language models like ChatGPT has surprised even the most devoted researchers.
Notable artificial intelligence (Al) experts expressed their astonishment with
ChatGPT's output quality and its infrequently humorously incomprehensible replies in
late November 2022. The goal of education should be to equip individuals to deal with
uncertain futures. The next step is to work together with Al and actively participate in
this. There are a lot of obstacles to overcome before we can develop and implement
theoretical frameworks for human-machine learning intersections, such as machine-
machine intelligence [39-64].

After more than 18 months of planning, this special issue finally brings together the
world's top minds in artificial intelligence and education. Even while it's a big deal, it's
just the beginning of a discussion about Al learning that will get even bigger.
Participation from a diverse range of regions, industries, and social groups is essential
if the future of education is to keep its emphasis on the individual learner. This dialogue
is now taking place in public and academic settings all around the globe. This issue's
central subject, "Empowering Learners for the Age of Artificial Intelligence,"” is on the
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importance of Al in the classroom and how it may enhance both the learning experience
and its outcomes [65-89].

Eleven essays covering a wide variety of topics make up our special edition, which also
has some unexpected syntheses. These articles all helped to a variety of topics, therefore
we've compiled this summary in an effort to single out the parts where the work really
made an impact on the main issues. Consider these ideas not in isolation but as a
network. Intersection between humans and machines, evaluation, explainability and
ethics, design, conceptualization, prediction, and application are the seven topics that
emerged from our analysis.the numbers [90-108].

We call the area where humans and Al meet "the space of coordination,” and it's the
focal point of our first and foremost topic. What is the purpose of this area for
coordination? Almost every aspect of education is currently being scrutinized. is
centered around activities that can be "offloaded from humans to AI" (p. 1) and
subsequently "onloaded from Al to humans" (p. 1), with a particular emphasis on hybrid
systems that assist young learners in developing self-regulated learning abilities. In an
effort to facilitate the growth of SRL by interaction with Al, she proposes a hybrid
model of regulation that places an emphasis on four levels of regulation: artificial
intelligence (Al), co-regulation, shared-regulation, and self-regulation. Describing a
"interconnected, fast changing world" where "agentic machines” (p. 1) are the norm,
discuss this "middle space" with a number of learning analytics and Al specialists. You
can see the variety of opinions on what skills are necessary, how to teach people those
skills, and how to study that process in Table 1. argument that intelligence is a too
general concept that doesn't help narrow down the options for human or machine
execution of certain jobs. They contend that, in the presence of agents with cognitive
ability, evaluation and assessment of learning, sensemaking, and decision-making
should instead be based on cognition and distinct cognitive activity.Page numbers
[109-118].

Not only does this special issue focus on assessment, but there is also a rising interest
in big language models and how they might help students with auto-generating essays.
While this editorial is being written, there is a great deal of discussion taking place at
conferences, news shows, and publications about the value of essays in college,
especially in light of ChatGPT's results. compare and contrast the current assessment
paradigm, which relies on "a predefined set of items... is used to infer claims about
learner's proficiency in one or more traits” (p.1), with the new Al for assessment that
has the ability to automatically generate tasks, recommend peers to grade work, and do
the grading itself. A shift towards continuous, more genuine, and adaptable evaluation
is one of several inefficiencies they claim may be remedied by this new method. There
are still many problems with this model of assessment, such as the following:
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"sidelining professional expertise,” "black-boxing" accountability by making decisions
inside computer programs, pedagogy's limited role in assessment, limits on both
accountability and the breadth of learning, and surveillance pedagogy. In spite of all
these obstacles, the authors are still hopeful that Al can help overcome some of the
shortcomings of the current evaluation system.

The issue’s third main subject is on Al's explainability.

Explainability refers to the ability of humans to understand and trust Al. This need will
increase in importance, especially as the intersections between human and Al require
greater collaboration and coordination introduce the XAI-ED, de- tailing how existing
explainable Al approaches can be applied to the education sector. To provide a "means
for educa-tional tool developers and researchers” (p. 4), XAI-ED draws on knowledge
from a wide range of disciplines, such as cognitive and learning sciences, artificial
intelligence, human computer interaction, and learning analytics. This knowledge is
then used to aid in the "creation of trustworthy, Al-augmented, sociotechnical systems™
(p. 18). They then present four case studies that detail how XAI-ED is re- flected in
different AIED systems: learner sourced, open-ended learning environments, writing
analytics, and team-based learning. They conclude by advocating for broader
discussion around explainable Al in education, increased research and adoption of these
models, and involvement of multiple stakeholders in developing tools and systems.

To provide students the framework and support they need to succeed in online courses,
deliberate and well-planned design is essential. Additionally, our special issue has a
strong emphasis on design for learning. encourage the incorporation of learning data
design into the design process as a whole. What students know and can do is reflected
in Open Learner Models (OLMs). Although there are several angles from which an
OLM might be viewed—from the instructor's, a system's implicit model, or even a
group of students'—Kay et al. center their attention on the students' individual models.
Thus, OLMs record each student's development and may be used as a measure of
success.the numbers 119-124 Their strategy for OLM is to take fundamental ideas from
artificial intelligence (Al) in education—Ilike model building and scrutability—and
apply them to the learning design process, with the help of data design. emphasis on
learning in a future where Al is prevalent, taking a larger perspective. Along with
discussing the "problem space for education design in a world of Al" (p. 3), they go
into length into the design implications of advanced pedagogies for uncertain futures.
They close by stating the necessity of collaborating with Al in different learning
contexts, but when it comes to Al environments, they advocate for co-design methods
with humans in design generally. As a result, there is a current gap in education that has
to be filled: there are no established design models for human-Al interactions that
outline how Al may facilitate, strengthen, and guide the learning process.
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The issue's fifth central focus is conceptual artificial intelligence and learning. Are new
theoretical constructs necessary for the current theories of learning and associated fields
like sensemaking, decision-making, and self-regulation? Does constructivism
adequately address the design and learning requirements of interactions between
artificial intelligence and humans? This was addressed fundamentally in all of the
pieces. In their study, Yazdanian et al. raise concerns about the following aspects of
artificial intelligence: its effects on systems, learner models, explainability, self-
regulation, and the experiences of different learning transitions. All things considered,
these articles highlight the need of having basic conversations on learning theory and
ways of thinking about learning behaviors and actions in Al-human contexts.

The sixth topic deals with what many consider to be the ultimate human goal: perfect
predictive vision. Particularly in technological domains where new skill sets and
occupational categories emerge at a dizzying rate, universities have begun to wrestle
with questions of curricular relevance. pay close attention to this prominent sector
because the contemporary workforce is complicated and changing at a rapid rate. A key
claim made by the authors is that they "are able to predict future emerging skills with
good precision™ (p. 1) and that this allows educational institutions to better adapt to the
ever-changing job market [9]. Universities can use this data to respond quickly to
emerging trends, but whether or not they can really do so is debatable. tackle the design
problems with these intricate concerns; but, you should know that universities are up
against big tech companies like LinkedIn, who have detailed information about
different locations (a point that Yazdanian et al. bring up for future research).

The usage and application of Al is the last topic. Artificial intelligence is not something
that will be developed in the next years. All throughout the globe, it is already being
used in various schools and courses. examine the paths taken by educational data.
Representing "how data was produced and used across different sites of practice" is the
data journey's claimed purpose.The foundational parts of policy, teacher work and
activities, literacies, and general educational data work are directly impacted by this
journey's consequences for Al. Educational environments utilize data for the purpose
of accomplishing anything. Reporting, monitoring student achievement, pursuing
multiple state-level objectives, and individualized education are commonplace in
schools. Finally, the authors make a case for more study on educational data journeys
in light of the growing use of Al technologies. provide a real-world scenario in which
Al tackles the transitional areas that crop up as students progress through their
educational journey. establish Al preparedness, stressing that implementation
necessitates knowledge, abilities, and a systemic emphasis on defining what sets
humans apart from Al.

Future-related worries
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Additionally, we highlight four issues that will influence the way educational systems
incorporate Al. Tech advancements in computing and automation won't guarantee
widespread use by themselves. There has to be more investigation into data ownership,
Al literacy, systemic opposition to change, and ethics.

Conversations on the increasing impact of Al often revolve around questions of
prejudice, equity, and ethics. Data with inherent bias or introduced during algorithm
development is typically utilized to train Al. If this bias persists, the resulting findings
may be detrimental to some groups. While solutions like explainable Al might help
make algorithms more equitable, we could learn a lot by emulating the techniques
employed by cognitive scientists when studying the "black box" that is the human brain.

Although data ownership and sources were not major themes in the articles included in
this special issue, the involvement of large tech companies is growing in importance
due to the fact that computation requirements associated with growing datasets and
models are becoming unmanageably high for academic labs. Today, many model
training datasets are publicly available. To construct learning models, however, there
are currently no data sets available that are comparable to ImageNet or LAION. This is
because, unlike ImageNet, which has few variables, building even a basic model of
learner behavior or knowledge has a number of obstacles. Companies like Microsoft,
Google, and Instructure, which are private or for-profit, typically have datasets big
enough to start building learner models. In order to address several problems related to
artificial intelligence (Al) in education, such as issues of prejudice, ethics, and justice,
educators will need to provide extensive open datasets for model development, training,
and validation.

It is now more than ever before necessary for all faculty, instructors, and students in
higher education to possess the necessary literacy and competences in artificial
intelligence (Al), because to the surge in public interest in the field caused by the
success of big language models. How can the average person benefit from
understanding artificial intelligence? How are generic Al competences different from
the computer science literacies that society has been reskilling over the past few
decades? Here important concerns arise: how much information does the public need
to know about artificial intelligence, and what does academia (including students and
faculty) need to know? Whose job is it to start and assist reskilling whole parts of
society, and how will it happen? Should the government take the lead in promoting Al
literacy? Is it better to leave this demand to the public and private education markets?
No matter who makes such calls, it seems like everyone needs a basic grasp of artificial
intelligence (Al), its functions, and the potential effects it might have on people and
communities.

Conclusion
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The question of whether Al technologies are trustworthy and reliable will continue to
be unanswered. Recent advances in artificial intelligence (Al) have their roots in
generative Al, which trains massive language models using transformer-based
architectures. In a variety of genres, these Al systems produce very lifelike textual
answers. On the other hand, these technological frameworks lack the ideas necessary to
ensure the veracity of facts and to rationalize relationships between causes and times.
On seemingly inane subjects (such as the cost of retirement plans and the care of elderly
immune cells), they can eloquently respond in an authoritative way. A radical departure
from current Al practices may be necessary to solve these problems. As we engage with
the current generation of Al systems, we recognize the importance of finding ways to
educate and learn that take advantage of the limitations of these systems to promote
higher-order thinking skills, such as the ability to evaluate and synthesize. Carefully
examine ChatGPT's results. We need the full participation of researchers, tech
developers, and policymakers in this process, we cannot expect instructors and
classroom teachers to solve the Al challenge on their own. Concerns were raised by
academics and universities in late 2022 as generative Al technologies like ChatGPT
received more public attention. The discovery and dissemination of human knowledge
IS a process that universities as institutions have an influence on that spans decades, if
not millennia. Consequently, colleges are not evaluated based on how quickly they
adapt to proposed trends. Universities and school systems are woefully slow to adapt
and respond systemically to dramatic and potentially existential trends, let alone come
up with new ways to contribute to a society where Al is prominent. This is concerning,
but commendable in the long run because it prevents small, overly hyped trends from
overshadowing universities' noble long-term goals of supporting society and
democracies and improving everyone's quality of life. Important conversations arise for
university administration. To start, can we generalize the early signs of effective Al
methods to classes with many students and a wide range of backgrounds? Second, how
radical of a transformation should systems undergo in reaction to Al, and how quickly
should they do it? This special issue showcases cutting-edge research on
groundbreaking developments in the last several decades. There have been several "Al
winters” when research funding and development slowed down, and many Al
researchers have observed trends rise during these times. Computing, data scope and
quality, and algorithmic developments are all trending in the right direction, which
bodes well for the near future. What will we teach and how will we teach it when
artificial agents, which are now pervasive in our everyday lives, surpass human
cognitive capacity in an increasing number of domains? This is a new reality that
educators and society at large must face as Al advances
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