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Current Trends in AI-Based Educational
Processes—An Overview
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Abstract Artificial intelligence (AI) is a rapidly developing research area, with
immense influence on different areas of modern society and with numerous appli-
cations in real-life systems and environments. In this chapter we provide a brief
overview of current state-of-the-art of developing intelligent educational systems.
Particular attention is paid on the application of artificial intelligence methods in
teaching and learning processes. Accordingly, we consider recent works that put
light on different roles of AI in developing educational systems. Also, an overview
of key educational domains that AI techniques influence, i.e.: adaptive personaliza-
tion systems and intelligent tutoring systems, assessment and evaluation of students’
outcomes and learning performances, and benefits and challenges of educational data
mining and learning analytics in educational processes is presented.
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1.1 Introduction

Artificial Intelligence (AI) is recently becomingoneofmost rapidly evolving research
areas, with numerous applications in different academic and industrial domains.
Moreover, it is also present in a number of everyday activities of modern digital
society. Among numerous application domain uses of AI techniques and methods,
one of more appealing is its potential in education. Here, AI can be found in adaptive
learning technologies, educational data mining (EDM) and learning analytics (LA),
where contemporary and emerging AI-based approaches significantly influence (and
support) educational processes and activities.

During the several decades long history of AI, diverse approaches to develop intel-
ligent systems [1, 2] can be distinguished. A key driver of AI research in the 1950s
was the focus on symbolic computation.Optimistic expectationswere that simulation
and programming of the generic logic of human reasoning will produce the systems
that would behave “human intelligently”. However, the main characteristic of such
systems was the absence of domain-specific knowledge. Representational AI was
founded in 1980s, and became known as “good-old-fashioned-AI”. The essence of
such approaches was in the manipulation of knowledge representations and imple-
mentation of specific class of intelligent systems, widely known as expert systems.
Representational AI approach, used in educational processes, resulted in the devel-
opment of so-called Intelligent Tutoring Systems (ITS) that included representations
of domain knowledge and teaching material, learners’ knowledge, and a pedagogic
model [3]. However, most recent trend in applications of AI in educational domains
is based on data-driven AI and it is oriented towards applications of educational data
mining, learning analytics and use of artificial neural networks. This new, data-driven
AI trend is a consequence of three key technical developments: appearance of the
Internet, intensive use of smart phones in numerous activities and situations, and fast
expansion of social media.

With further rapid development of Information and Communication Technology
(ICT) and interrelated disciplines and technologies, educational systems offer to
teachers and learners, a range of opportunities and challenges [4–6]. For example,
there are several characteristic applications of AI in education.

– Important activities that are the usual component in education, like grading and
assessment, can be automated by use of AI.

– Adaptation to learner’s needs and learning preferences is important in education
and by the use of AI it is relatively easy to point out to the learner specific topics
and tasks that he/she needs to improve.

– Specially developed AI tutors can support teachers but also can offer additional
support to learners and provide helpful feedback from educational process.

– AI crucially influences way of delivering education: who teaches students, where
students learn, and how they acquire knowledge and skills. With constant design
and development of AI-based educational systems they slowly become more and
more able to offer a variety of innovative, tailored, and intelligent services to
learners.
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– Apart from direct support of core educational activities, AI can help in a majority
of other educational activities, like AI-guided training that simplify the transition
from college to high school.

However, in spite of the fact that AI has been well established area, with variety
of educational applications, inclusion of such systems in day-to-day pedagogical
processes is still challenging for educators [7–9]. Nevertheless, the pedagogical
advantage is evident, as it can offer significant impact on educational processes
and learning outcomes. In this context, this chapter will focus on providing a brief
overview of current state-of-the-art of developing intelligent educational systems.
We will focus on influences of AI methods and techniques and their applications
in educational process, while avoiding discussion of AI support for administrative
activities in educational institutions. This is because we believe that the latter does
not belong to pedagogy, but to computer-supported administration, which is out of
scope of current contribution.

The rest of the chapter is organized as follows. Section 1.2 presents different
roles of AI in developing educational systems. An overview of several characteristic
educational systems, based on AI techniques is presented in Sect. 1.3. Concluding
remarks are given in the last section.

1.2 Different Roles and Applications of AI in Education

Rapid technological and ICT development facilitates changes that result in the fact
that AI methods, approaches, and services are nowadays all around us, in majority of
everyday activities. Education is definitively one of areas where AI can powerfully
make significant changes. In the last decade we witnessed the development of a
variety of tools and services that use computer intelligence to help both teachers and
learners to get more out of the educational experience.

Usually, in contemporary research, AI and machine learning (ML) are often
considered together as closely related approaches. In [10]ML is seen “as a subfield of
artificial intelligence that includes software able to recognize patterns, make predic-
tions, and apply newly discovered patterns to situations that were not included or
covered by their initial design”. Also, an important concept, used in contempo-
rary intelligent personalized educational systems, is that of rational agents [11, 12].
Additionally, based on the current state-of-the-art in AI field it is possible to rise an
ethical and philosophical question: will machines/robots/intelligent agents be able
to develop consciousness and actual thinking in the future, or will they just simulate
human thinking?

However, despite the fact that a lot of AI applications in educational environments
already exist, some authors [8, 13] emphasized three categories of AI applications
in education: (a) intelligent tutoring systems and systems that support collaborative
learning, (b) personal tutors, and (c) intelligent virtual reality.
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Intelligent tutoring systems (ITS) are specific systems that allow very important
one-to-one personal tutoring. Based on several different components that are part
of such systems, they can support: selection of suitable topic and teaching content
for a particular student, or decisions about the learning path. They can also provide
cognitive scaffolding. However, the drawback of such personal tutoring is a lack
of collaboration and students’ interaction with their peers, which is known to be
an essential social part of the learning process. On the other hand, constant rapid
development of differentAI techniques offers newpossibilities that also allowshigher
quality support and functionalities that such systems can considerably advance and
contribute to collaborative learning as well.

Development and introduction of newAI technologies pushes theirmore advanced
applications in educational settings. So, for example, virtual reality and augmented
reality can tremendously increase quality of e-learning and guidance of students in
very popular game-based learning environments. Virtual agents (i.e. chatbots), as a
fast developing area, are interesting and useful facilitators of teachers and/or students’
peers in virtual or remote labs [14]. According to [8], AI in education “includes every-
thing from AI-driven, step-by-step personalized instructional and dialogue systems,
throughAI-supported exploratory learning, the analysis of studentwriting, intelligent
agents in game-based environments, and student-support chatbots, to AI-facilitated
student/tutormatching that puts students firmly in control of their own learning. It also
includes students interacting one-to-one with computers, whole-school approaches,
students using mobile phones outside the classroom, and much more besides.”

Also, some other technological developments influence changes in educational
processes in a slightly different way. One can take the advantage of existence of
Big Data, which is collected during students’ activities within e-learning environ-
ments and process and analyze it, to draw some useful conclusions about educational
activities. Thus, educational data mining (EDM) and machine learning and learning
analytics (LA) can provide just-in-time feedback and assessment of current student’s
achievement [15] but also can help them in selecting alternative learning paths that
will improve their final learning outcomes. Recent applications of AI in educational
environments are based on finding characteristic patterns in collected data and using
them in different decision-making processes that can improve student’s learning
paths, improving teaching material, enhance offer of supplementary teaching mate-
rial, and so on. Advantages of such applications of EDM and LA are that discovered
correlations and patterns in collected data are not easily (if at all) understandable to
(discoverable by) humans.

Another point of view on the use of AI in educational processes is presented in
[4]. Authors considered educational AI tools from the system’s/learner’s/teacher’s
perspectives. System-facing tools provide information on the institutional level for
administrators and managers. Learner-facing tools help students to learn partic-
ular subject/topic. Teacher-facing systems usually reduce tracers’ workload by
automating their different activities and tasks.

In the paper [16], authors showed deep systematic review of AI applications in
higher education. Looking at more than 150 research papers they selected several
crucial groups of systems: (1) adaptive systems and personalization, (2) intelligent
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tutoring systems, (3) assessment and evaluation, and (4) profiling and prediction.
Later, authors made refinement and recognized specific applications in each of these
groups:

– Adaptive systems and personalization group: teaching course content; recom-
mending personalized content; supporting teachers and learning design; using
academic data to monitor and guide students; representation of knowledge in
concept maps;

– Intelligent tutoring systems group: teaching course content; diagnosing
strengths and automated feedback; curating learningmaterials; facilitating collab-
oration; the teacher’s perspective;

– Assessment and evaluation group: automated grading; obtaining feedback from
learning sessions andprocesses; evaluation of student understanding, engagement,
and academic integrity; evaluation of teaching;

– Profiling and prediction group: admissions decisions and course scheduling;
drop-out and retention; student models and academic achievement.

In this section we presented different roles of AI in developing and using modern,
sophisticated, and powerful educational systems recognized by different authors.
Despite the fact that various views and opinions exists, it is evident that AI methods
will significantly influence the further development of high quality educational
ecosystems.

1.3 Some Characteristic Educational Systems Based on AI
Techniques

Existing trend of interest and investments in AI, by world leading companies and
research centers, democratization of higher education but also experiences with
COVID-19 pandemic situation, in the last two years, resulted in significant financial
pressure and challenges to propose proper solutions and resolve numerous problems
in developing future, more intelligent, educational systems.

Consequently, it is logical to try to employ powerful AI methods to find adequate
high-quality solutions [17]. Rather, newly established phenomena of “massive open
online courses” (MOOC)allowedan enormousnumber of students, all over theworld,
to participate in a broad range of online courses. Apart from numerous advantages
of such kind of education, a variety of problems appeared, especially for teachers.
Having diverse students from different countries with different ways, habits, and
characteristics of learning (pre-knowledge and skills for courses, rates of progress,
…) raised emergent problems, such as: providing personalized feedback, assisting
students to achieve satisfactory learning outcomes, implementing reliable assessment
approaches and criteria [10]. On the other hand, we witness that different research
and educational institutions have been developing a range of so-called intelligent,
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adaptive, or personalized educational systems for different courses [5, 7]. However,
it is evident that in majority of cases, these systems are usually part of research
projects, realized as proof-of-concept, and are used in real learning environments
only for several years, i.e. until the projects end.

Fortunately, there are also positive cases when development and improvements of
some systems are part of long lasting research and educational activities in different
institutions and countries and they are used in real educational processes and during
the years they are constantly evolving while becoming enhanced with additional
functionalities [20–22]. Nowadays, such systems gather huge amount of learners’
data, and analyze it. As a result, they can significantly impact and influence learners’
and teachers’ activities.

Rapiddevelopment of software, hardware, anddata processing strongly influenced
the new renaissance era of AI that together with EDM and LA, as well as with
sentic computing (including face and emotion recognition), plays an essential role
in developing a wider range of applications in sophisticated educational ecosystems.
In the rest of this section, we will briefly present several groups of characteristic
AI-based educational systems and their essential functionalities.

1.3.1 Adaptive Personalization Systems and Intelligent
Tutoring Systems

Development of adaptive and personalized educational systems is highly influenced
by learners’ learning characteristics, preferences, and styles. Developmental efforts
are generally oriented towards achieving the best learning curve, learning effective-
ness and efficiency for individual learner. Accomplishment of these functionalities
is not an easy task. It requires extra knowledge, and it forces and represents one of
the key issues in realization of reliable personalized educational systems. Several
examples of such systems will be briefly presented below.

As a result of a large project, the multifunctional educational system—StuDiAsE
[23] had been developed. The system supports numerous functionalities based on
AI methods like: Learner Diagnosis, Assistance, and Evaluation. It can monitor
the comprehension of the learner based on text comprehension theory [24], and it
can assess learner’s pre-knowledge based on his/her profile, to obtain personalized
scaffolding. Additionally, the system can evaluate learning performance and control
several factors that influence the learner’s motivation. Finally, interaction with the
system is based on dialogue theory [25].

Among variety of AI supported educational systems, intelligent tutoring systems
(ITS) are probably the most important and dominant [8]. Usually, they support step
by step tutorials adjusted to learner’s individual style of learning, especially when
subjects are presented in the system inwell-definedmanner. High quality ITSs should
generate guidance and adequate hints to learners but also should adjust the level of
difficulty of available teaching material and subjects. Typical architecture of an ITS
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includes three key AImodels: domain model, pedagogical model, and learner model.
Based on available data from these models, AI algorithms can support adaptation
and propose individual/personalized sequences of learning activities and topics.

An interesting web-based ITS is focused on learners’ cognitive styles [26]. Cogni-
tive styles of learners in such systems influence teaching material organization and
their efficiency and success of learning. Instead of using questionnaires to identify
learning styles, an innovative approach is based on a multi-layer feed-forward neural
network used to observe learner’s browsing behavior.

A personalized intelligent web-based tutoring system is presented in [27]. Apart
from support of personalization, the system includes elements of recommenda-
tions and collaborative tagging techniques that are based on pedagogical aspects of
learning. Employment of collaborative tagging allows increasing of learners’ moti-
vation and their better comprehension of the learning content. Selected tag-based
recommendation increases the system’s capability as it offers an additional func-
tionality to quickly identify supplementary material suitable for learner to improve
his/her knowledge. Personalized recommendations in the system should be consistent
with the previously acquired knowledge of the learner.

1.3.2 Assessment and Evaluation

With existing intense interest in the applications of AI in education [2, 28], there
is also a significant interest in the applications for educational assessment. Recent
developments inAI-based educational assessment are increasingly focused onmeans
of improving assessment efficacy and validity. To achieve appropriate results, the
primary activity is the analysis of the large volumes of process data, collected from
assessment contexts.

In general, AI-based educational tools devoted to learning and teaching usually
support some kind of assessment or evaluation of students’ knowledge acquisition
[29]. However, in themajority of such tools, the pedagogy underlying the educational
action is not considered. In this overview paper, different systems based on AI are
brieflypresented and somecharacteristic ones arementioned in the rest of this section.
Janpla and Piriyasurawong [30] develop an AI-based software to produce e-learning
tests by selecting questions for online examinations. Already mentioned Samarakou
et al. [31], proposed StuDiAsE system, which is focused on continuous monitoring
and assessment and also includes different aspects of assessment of students’ gained
knowledge. Applied AI approach proved useful to support personalized feedback
and to evaluate performance of engineering students.

An adaptive learning system with self-assessment that also targets students with
disabilities, is presented in [32]: “In the next future, we can expect that, within adap-
tive e-learning systems, both automatic and manual procedures will interoperate to
elicit users’ interaction needs for ensuring accessibility”. Presented “results indicate
that the procedure allows students, both disabled and non-disabled, to self-assess and
report adequately their preferences to access electronic learning materials”.
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Completely different approach can be found in [33], where authors focused on
simulation-based training in medicine supported by AI. A Virtual Operative Assis-
tant has been developed to provide automatic feedback to students using metrics of
performance. In this system, virtual reality and AI were integrated in order to clas-
sify students according to their proficiency performance and to support them with
adequate feedback to help them to improve their knowledge and skills.

Another system that combines VR and AI, to achieve the assessment of compe-
tence in different dental tasks is presented in [34]. Automatically assessing and
grading medical students’ collection of patient information is presented in [35].
Further, in the paper [36], authors proposed automatic assessment of different kinds
of collaboration-based activities built on active learning methods. In the system
presented in [37], students automatically receive grades and have possibility to visu-
alize their results as an adequate feedback. The system was used within an AI-based
course for teachingAI. Use of intelligent grading systems is frequent used in teaching
programming and evaluating students’ performance. For instance, automatic assign-
ment of a grade for the task a student performed in programming is described in [7].

An example of different directions in using AI for students’ assessment is the
ability to automatically evaluate students’ essays in English. Liu et al. [13] proposed
anAI-based system able to evaluate students’ engineering essays in English. Another
AI system for formative assessment performs an automatic grading of learners to give
feedback and to adapt the specified tasks accordingly.

Effects of the use of e-assessment can also negatively influence students’ knowl-
edge evaluation, as reported in [38]. To minimize negative effects, a lot of innovative
e-learning platforms have been developed, with range of possible tasks and function-
alities, starting from different types of questions but also solving relatively complex
programming tasks. Nowadays, some available e- learning platforms support multi-
modal presentation of teachingmaterials and collecting students’ responses: in-video
quizzes or, for example, in [39] authors used specially developed system for “easy
authoring, recording, and reviewing interactive multimedia exercises embedded in
lecture videos”. Students’ can make audio/video recordings of their responses and
teachers can immediately review these responses.

It is clear that technology enhanced systems based on AI can make learning and
assessment more attractive and productive. Very interesting system is presented in
[40]. It is a distributed event collection and analysis architecture that enables students
to solve practical programming questions during lectures. Students’ interactions with
the system generate a lot of information about specific tasks/questions. The results
of processing of information are visually presented to the teacher during the class.
Hence, the teacher can properly react and change style and dynamics of teaching. In
this platform the social dimension of teaching and students’ results is not considered.
Summary of group results of all students for particular question are important, as
students can personally assess their position and learning performance comparing
to their classmates. Such approach, realized in privacy-preserving way, is offered
by MasteryGrids OSSM (Open Social Student Modeling) interface [41]. Personal
performances and progress of a student are compared and visually presented with
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the progress of the class. So, students can see their position within the class and can
try more tasks and questions in order to achieve better results.

1.3.3 Intelligent Interfaces in Educational Systems

Human–Computer interfaces (HCI) play important role in communication between
user and computer/software application. Through the history of development of
ICT technologies, computer hardware and software, wide range of different HCI
techniques have been developed. The recent trend is a consequence of rapid devel-
opment of different forms of personal digital assistants. One of the very popular
AI approaches that supports educational processes is using a chatbot [42]. Typical
example of such assistant, usually mentioned in the literature, is Apple’s Siri [43,
13]. Siri uses advantages of ML and natural speech to answer questions, to return
relevant search information, and perform appropriate actions or some other activities.
Despite the fact that Siri has a rather simple voice-controlled interface, this project
has significant effects on further development of nowadays more complex solutions.

Intelligent software agents and numerous forms of their visualization represent
a keystone in the new era of HCI in different areas including educational systems.
Various educational systems usually contain a component that facilitateHCI.Modern
HCIs enabled communication between the system and user (student and teacher)
in more user-friendly and higher in quality. Teacherbots, strongly based on AI
methods and techniques for personalized education, provide tailored teaching mate-
rial, guidance, help, and hints during learning. They also can be seen in another
role i.e., as teachers’ assistants in organizing teaching material and in providing fast
reactions/answers to student’s questions.

Another characteristic example is “Jill Watson” (teacherbot based on IBM’s
Watson platform [44, 15]). It represents affordable, personalized, and intelligent
solution for traditional user interfaces, where learners are usually passive consumers
of presented teaching material.

While delivering a massive open online course, Georgia Institute of Technology,
having a great number of students would like to provide high-quality learning and
tailored assistance to them. Without personalized assistance students drop out rate
was increasing so they attempted to find a solution to provide personal attention and
decided to incorporate in their courses a virtual teaching assistant who will try to
reply to a variety of predictable students’ questions. To fulfill this task Jill was trained
on a comprehensive database containing the students’ questions.

In educational field most studies that consider chatbots are focused on individual
users. However, another important pedagogical aspect of teaching is students’ collab-
oration and teamwork. To address the collaborative group settings some authors
considered alternative approaches [5]. The focus is shifted on how chatbot-mediated
learning can improve learning outcomes of students in team-based assignments. For
example, David et al. [5] used chatbots to support the teacher, as teaching assistants,
in group settings for classroom orchestration improvement. In the paper [9], author
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presented effects of use of chatbots to facilitate team-based projects. The important
conclusion drawn is that chatbots can improve learning performance and a higher
quality of collaboration through teamwork. Also, some quality indicators of educa-
tional chatbots are proposed which are based on intense research, and they pointed
some important aspects such as Pedagogy, Reliability, Usability, and Interactivity.

1.3.4 EDM and LA: The Benefits and the Challenges
in Educational Processes

Emergent development and applications of ML techniques opens a new era, and
brings many possibilities and challenges for higher education. Educational data
mining and learning analytics definitively offer immense benefits and advancements
in developing intelligent educational settings.

Siemens and Gasevic [45] defined Learning Analytics (LA) as “the measurement,
collection, analysis and reporting of data about learners and their contexts for the
purposes of understanding and optimizing learning and the environments in which
it occurs”.

Recent research in educational LA is focused on finding an answer for very
complex and important questions: what knowledge and skills did student gain (is
gaining) and whether and how deeply a student was (is) engaged in the learning
process.Newmethods, approaches and techniques should help in predicting student’s
learning outcomes in e-learning environments. LA based on educational data anal-
ysis can help teachers, and a range of educational experts to look for students’ online
information connected to the learning processes. The goal of LA in online educational
settings and computer-supported instruction is to improve the learning experience
and the whole learning process.

Apart from analyzing educational data related to teachers and learners, LA
methods are used to discover characteristic patterns of learning behavior, in order to
improve learning performance and quality. Additionally, interpretation of obtained
results and gaining new understandings can offer the educational stakeholders’ new
insights to support their decisions and actions directed towards improvements in
teaching, learning, and organizational effectiveness [10].

From the point of view of teaching and learning effects, LA helps monitoring and
predicting student’s academic performance. It provides opportunity to immediately
identify topics in which students might be facing problems and accordingly, to facil-
itate immediate reactions and interventions that can help preventing poor learning
performance [46].

El Alfy et al. [6] analyzed large number of recent papers and pointed out to the
potential benefits and challenges that LA can provide for different educational stake-
holders. Based on their analysis, numerous benefits and challenges are presented.
Identified challenges and benefits of LA are separated into two groups: Management
related and Teaching and learning related.
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Management related challenges are enlisted in [6]: Lack of staff and technology
available to learning analytics projects; Need for custom-made analytics initiatives
that is context specific requiring human and structural capacity building; Learning
analytics frameworks need to be sensitive to idiosyncrasies of the educational insti-
tution and its stakeholders; and Need to foster organizational adoption & cultural
change.

Teaching and learning related challenges are enlisted in [6]: Limitation of results
of learning analytics is derived from values of aggregate data such as marks in
summative assessments.

Management related benefits are enlisted in [6]: Data mining supports decision
makers in HEIs to frame norms to improve student enrolment; Learning analytics
is highly responsive to real-time learning processes; Learning analytics capability
to link library services with institutional objectives and outcomes; Big data and
analytics could be used to improve selection of staff and training interventions, cut
costs, improve retention, and performance. as well as meet strategic goals.

Teaching and learning related benefits are [6]: Learning analytics overcome key
measurement challenges in educational assessments; Developing automated tools
that promote accountability and academic integrity in the e-learning environment
by analyzing patterns in the student-generated content; Detect which students are
lagging behind and the reason of their low levels of engagement in online learning;
Aggregate data from multiple courses to detect patterns for remedial actions for
students performance; Monitoring students’ performance and progress individu-
ally as well as in comparison with peers; Provide real time feedback to students
about their progress and class engagement through SMS notification; Identify most
effective intervention strategies in helping academically at-risk students succeed;
Develop predictive models of students’ academic performance; Predictors of indi-
vidual performance in a teamwork context; The ability to demonstrate how the
instructor’s course preparation and assistance activities affect different dimensions
of student engagement activities; Determining student behavior model, prediction
of performance, increase self-awareness amongst students, improve feedback on
assessment, recommend resources.

1.4 Concluding Remarks

Several important educational domains, where AI methods and approaches are very
promising in overcoming current limitations, are pointed out in [3].

– Educational programs supported by AI methods can give learners and teachers a
constructive feedback, based on observed learners’ progress during learning. They
can also notify teachers about learning performance. Scaffolding is frequently part
of such systems and can help teachers to improve crucial parts of teachingmaterial
and subjects.
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– AI tutors can deliver additional support to students—they provide, for both
learners and teachers, significant feedback about the success of the learning
process. They are especially useful for courses in which exist limitations in
teaching high-order creativity and critical thinking.

– Teachers can be supported by AI tutors and can integrate AI teaching material as
supplementary, to help weak learners’ hands-on experiences in the form similar
to human interaction.

– Automation of grading—recent AI techniques cannot truly replace teachers in
grading even simple tests or students’ homework. Particularly, essay grading is
still in preliminary phase but with great tendency to be substantially improved in
the future.

– In spite of the fact that still there are limitations in more qualitative online
grading, actual grading is performed instantly thus giving teachers access to data
immediately.

– AI also allows tailored and personalized teaching. AI powered educational
systems can deliver customized lectures to groups of students, freeing teachers to
work one-on-one with students who need it the most.

Apart from mentioned benefits of intelligent e-learning environments there are
some limitations as well:

– Learning is an inherently cultural process and computers cannot replace the
cultural flavor of learning.

– Learning is not only the process of downloading knowledge or passing an exam-
ination. Developing a sense of purpose is crucial to self-directed learning and
instilling it in others is an absolutely human activity.
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