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Abstract—ITS (Intelligent Tutoring Systems) are integrated
and complex systems, designed and developed using approaches
and methods of artificial intelligence (AI), for the resolution of
problems and requirements of the teaching/learning activities in
the field of education and training of students and the workforce
based in computers an web based emerging resources. These sys-
tems can establish the level of student knowledge and the learning
strategies used to improve the level of knowledge to support the
detection and correction of student misconceptions. Their purpose
is to contribute to the process of teaching and learning in a given
area of knowledge, respecting the individuality of the student.
In this paper, a review of intelligent tutorial systems (ITS) is
presented, from the perspective of their application and usability
in modern learning concepts. The methodology used was that of
bibliographical review of classic works of the printed and digital
literature in relation to ITS and e-Learning systems, as well as
searches in diverse databases, of theses and works in universities
and digital repositories. The main weakness of the research lies
in the fact that the search was limited to documents published
in the English, Spanish and Portuguese.
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I. INTRODUCTION

The various investigations into the design and devel-
opment of Intelligent Environments for computer-aided de-
sign/learning, also known as ITS, were initiated approximately
in the 1970s. Some authors, such as Carbonell [1], tried to
combine methods of Artificial Intelligence (AI) with Computer
Aided Instruction (CAI), to propose a system that would try
to create an environment that would take into consideration
the diversity of the various learning styles of the students, thus
adapting to the individual requirements of those who would use
the system. This type of software was called Intelligent Tutor
or Intelligent Tutorial Systems. IACs and ITS are apparently
in a similar type of application in education.

The study of ITS is an area of research on which a
large number of researchers focused, working on topics that
have strong relationships with various disciplines. Researchers
interested in getting started in this field may have difficulty
understanding the basics and methodologies used in ITS.
These difficulties include understanding the functioning of
ITS and their components, their functions, the main types of
ITS, the Artificial Intelligence technologies involved, learning
theories and their uses, differences in terms of interaction
and behaviour, the importance and contributions of ITS in
education, and their effectiveness.

This paper does not aim to focus on a specific topic or
dimension of ITS, nor to visualize details that may require
further study. After understanding the main concepts and
ITS and their behaviors, a reader can review widely detailed
and conventional sources such as Woolf [2], Ma et al. [3],
Nwana [4], Shute et al. [5], and Murray [6], among other
authors for further research. In Section II, the fundamentals
of Intelligent Tutorial Systems are described; in Section III,
a review of developed intelligent tutoring systems (ITS) in
education is made, in Section IV, some developments are
described and analyzed, in Section V, the discussion is made,
and finally, in Section VI, the conclusions are established and
the corresponding comments are made.

II. INTELLIGENT TUTORIAL SYSTEMS

An ITS can be described as software that involves [3], [7]:

e A computer that encodes pedagogical domains and hu-
man teacher knowledge (trainer) as a good mechanism
to communicate with other humans;

e A trainee who interacts with a computer to acquire
some skills in those domains.

Burns [8], emphasizes that ITS research, especially con-
sidering teaching-learning theories, should address teaching
strategies, taking into consideration individual differences.
This research includes well-known works referred to by P.
Lach [9], such as Clance’s Guidon and his later reviews,
Soloway and Johnson’s; PROUST, Anderson and Boyle; ACT
tutors, as well as Dillenbourg ETOILE [10] and many others,
which proposed the characteristics of ITS and their abilities
to diagnose misconceptions of the learner during the teach-
ing process and, based on that diagnosis, provide subsidiary
teaching to students. However, many psychological issues
underlying learning, teaching, and understanding have not
been convincingly answered. In addition, there are enormous
difficulties in accurately representing the stages of student
learning and in identifying possible misconceptions, facts that
contributed towards a diversification in ITS-related research.

For Dede [11], the Intelligent Tutoring Systems and Train-
ers, also called Intelligent Computer-Aided Instruction (ICAI),
provide educational technology with the characteristics of the
teacher’s cognitive skills. The strategies focused on these types
of educational applications are based on ideas from the field
of Artificial Intelligence. ITS/ICAI applications ideally contain
dynamic models of the learner in which knowledge can be
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communicated and discussed pedagogically. These systems
establish who, what and how to teach. In a full-fledged ITS, the
material to be presented to the learner is interactively treated
by these dynamic models, generated by the system in real time.

A. ITS Architectures and Subsystems

ITS architectures vary from one implementation to another.
Numerous systems were implemented in the mid-1970s and
1980s by Clancey in 1979, Johnson in 1985, Anderson in
1985, and Viccari in 1990, among others [12]. The architecture
developed during this phase proposed that an ITS/ICAI system
should include the following functional elements, described
from an analytical and critical perspective.

e  An explicit domain model and an expert system capa-
ble of solving problems in that domain.

e An identification model with some detail about the
student’s knowledge of the domain.

e A teaching model that offers instruction, presenting in-
structional material, capable of detecting and assisting
in the resolution of learners’ misconceptions [13].

The structure of a system with the above characteristics
requires the development of the tutorial system composed of
the modules shown in Figure 1.

Interface

Student
model

Teaching
strategy

Control

Domain base

Fig. 1. General architecture of a ITS. Source: adapted from [9]

In the most recent conceptualizations of ITS [14], the
emphasis on student modeling as the key to adaptive tutoring
remains evident. Based on these papers and a review of
the literature on ITS assessments, the following definition is
adopted [3] [14]: An ITS is a computer system that for each
student performs tutoring with various functions that:

e  Present information for learning,

e  Ask questions or assign tasks for learning,
e  Make comments and/or suggestions,

e  Answer questions asked by students,

e  Establishes indications to provoke a cognitive, moti-
vational or metacognitive change.
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By establishing inferences from the student’s responses,
a persistent multidimensional model of the student’s psycho-
logical states, such as subject knowledge, learning strategies,
motivations or emotions, is constructed or the student’s current
psychological domain is established in a multidimensional
domain model. The student-modeling functions identified in
the previous point are used to make adaptations to one or more
of the tutoring functions identified in the first point.

The different components of ITS architecture will be de-
scribed below.

1) Knowledge domain base: The domain model [15], is the
expert component of the tutor, the specialist who treats and
manipulates the knowledge of the subject [16], constituted by
the instructional material, by a systematic generation of ex-
amples, by the formulation of diagnoses and by the simulation
processes. It contains the knowledge about the domain that we
want to teach the student [4] [17].

This module would have the function of allowing the
alteration/enlargement/adaptation of the tutor’s two main
knowledge-based components: the domain base and the student
model. The inclusion of learning capabilities in the tutorial
system [18], implies an architectural style that is not supported
by bases of knowledge but based on beliefs.

Several knowledge representation models can be used in
this module, among them: Semantic Networks, frames, scripts,
production rules, Object Oriented Programming - OOP, among
others. The selection should focus on the method that best
and most easily meets the requirements of representation and
manipulation of reasoning. Inadequate selection may com-
promise the system’s performance, since this module must
be able to determine, among other things, the complexity
and consequently the way of presenting the concepts of the
knowledge area in question. Instructional material is generally
organized in a taxonomy that provides for increasing levels
of complexity. The tasks are organized using a dynamically
formed tree structure, according to the student’s interaction
and work [19]. The teaching strategy to be used will depend
on the model of the defined student.

The domain knowledge base [20], is a key component of
ITS, where the instructional material, i.e. the content that the
tutor must provide, is represented. The fact that this content is
stored in a knowledge base, and/or in a conventional database,
is one of the factors that determine the difference between an
ITS and a conventional CAI [21]. The knowledge base should
enable the system to reason about the structure of the content
to be provided, thus allowing it to take a more active role than
presenting content in a linear fashion.

2) Student’s model: This is the expert in teaching tech-
niques [16], that selects the concepts, sets the levels of
difficulty of the teaching activity and controls the level of
the learning process. The student’s model [12], contains the
relevant information - from the tutor’s point of view - about
the student. It is the presence of this model that allows the tutor
system to adapt to each student, customizing the instruction.
This module represents the knowledge and cognitive skills of
the student at a given moment.

It is constituted by static and dynamic data that will
be of fundamental importance, so that the tutor can check
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the hypothesis with respect to the student [9]. It contains
a representation of the student’s state of knowledge at the
moment that they interact with the ITS. From this model, the
student manages the content to be taught and the system must
be able to infer the best teaching strategy to be used next.
A real model of the student implies a dynamic update as the
system evaluates the student’s performance. The dynamic data
refers to the performance that the student has in relation to
the questions formulated by the tutor and confronted with the
hypotheses elaborated by the student, towards the use that the
student makes of the system and towards the new knowledge
that the student can receive from the tutor’s teaching.

Some of the techniques that are used to build the student’s
model [19]:

e Include pattern recognition applied to the history of
the responses provided;

e  Compare the student’s behavior with that of a special-
ist and verify the common points;

e  Consider the student’s preferences;
e  Consider the student’s particular goals;

e Things that tend to be forgotten when interacting with
the tutor;

e Indication of their particular objectives.

The student model, according to Costa [22], can be repre-
sented using some description models, namely:

e Differential model: Where the student’s response is
compared to the knowledge base.

e  Overlay model [19] The student’s knowledge is rep-
resented as a subset of the tutor system’s knowledge
base [23] [24]. This model assumes (implicitly or
explicitly) that the student’s errors or abnormal be-
haviour are always due to the absence of some infor-
mation present in the knowledge base of the domain.
This psychological assumption is overly simplistic, as
incorrect behaviour originates from the presence of
misconceptions in the student’s mind.

e  The disturbance model or BUGGY model: also relates
the model of the student in the knowledge base of the
domain [25] [26]. The disturbance model assumes that
the student’s errors are derived from the misconception
of some concept or lack thereof. For this case, there is
the domain base and a typical error library; the student
model includes elements of the domain base and error
library as shown in Fig. 2.

e  Simulation Model: The environment has a model of
how the student can or should behave in a certain
situation and through this model it is possible to
foresee the future behavior of the student; in other
words, the response of the student based on their
behavior during the work session.

e Belief Model [27] consists of a set of beliefs that
reflect the degree of understanding of the student
regarding a particular concept. According to [19], it
should refer to belief bases rather than knowledge
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Fig. 2. Overlay Model. Source: adapted from [9]

bases, since the logical behavior of the student’s
conceptions is much more like a belief logic than a
knowledge logic [28].

Agent Model: When treating the student model as a
belief system [9], an important notion is implicitly
used: the interaction between the student and the
tutor system is an interaction between two intelligent
agents (or, at least, endowed with some cognitive
behavior). Considering the student as an agent, implies
considering the student’s model as an agent model
or that it will have consequences for the model’s
structure.

Constraint Based Model (CBM). This was proposed
for the first time, for the modelling of students in
the short term and the diagnosis of the current state
of the solution. CBM uses constraints to present
student mastery and knowledge [23]. The process
of diagnosing the student’s solution is by matching
the relevant conditions of all the constraints with the
student’s solutions. The condition of satisfaction for
all relevance conditions must also be met. The system
checks every step taken by the student, diagnoses any
problems, and provides feedback to the student when
there is an error. The feedback informs the student
that the solution is wrong, indicating the part of the
solution that is wrong, and then specifies the principle
of mastery that has been violated [29].

Cognitive theories. As many researchers claim, the use
of Human Plausible Reasoning (HPR) and Multiple
Attribute Decision-Making (MADM) Theory for the
purpose of student modeling [23] and diagnosing mis-
conceptions, leads to the design and development of
effective ITS. The cognitive theory approach helps to
interpret human behavior during the learning process
by trying to understand human thought and compre-
hension processes.

Bayesian Networks - BN: Another well-known and
established approach to representing and reasoning
about uncertainty in student models is Bayesian Net-
works. A Bayesian network (BN) is a cyclical, di-
rected graph containing random variables, which are
represented as the network. Probabilistic relationships
between variables are presented as arcs. The BN rea-
sons about the situation it models, analyzing sequences
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of actions, observations, consequences and expected
outcomes [30]. With respect to the learner model,
learner components such as knowledge, misconcep-
tions, emotions, learning styles, motivation, and goals
can be represented as nodes in the BN.

e  Fuzzy student modeling. The student’s level of knowl-
edge is established as a fuzzy problem. One possible
approach to dealing with uncertainty is fuzzy logic,
introduced by Zadeh in 1956 as a methodology for
computing and reasoning with words representing
imprecise values rather than numerical values. Fuzzy
logic is used to deal with the uncertainty of real-
world problems derived from inaccurate and incom-
plete data, as well as from human subjectivity. Fuzzy
logic uses fuzzy sets that involve variables with un-
certain values. The use of fuzzy logic can improve
the learning environment by allowing intelligent de-
cisions about the learning content to be delivered to
the learner, as well as personalized feedback to be
given to each learner. It is a fuzzy logic channel
to diagnose the level of knowledge of the student
in a concept and to predict the level of knowledge
for other concepts related to that concept [31]. Some
authors argue that the integration of fuzzy logic in
the student’s model increases student satisfaction and
performance, improves the adaptability of the system
and contributes to more reliable decision-making. The
use of fuzzy logic in student modeling is becoming
popular because it overcomes computational complex-
ity, imitating human nature.

Finally, in 1994 Nwana [4], classified the students models
into the following six different types:

e  Corrective in which the elimination of misconceptions
in the student’s knowledge is allowed.

e  Collaborative, in the student’s report.

e A tool that helps the tutorials to adopt the action and
the performance of the student.

e  Diagnostic, which identifies the errors in the most
recent student’s knowledge.

e  Predictive, which helps to understand the answers of
the most recent client’s evaluation system.

e  The final objective evaluates the value of the student’s
overall progress.

The strategies constitute the knowledge on how to teach;
in other words, how to generate from the diagnostic informa-
tion, monitoring and analysis, a sequence of teaching tactics,
capable of successfully presenting a certain topic to a certain
student. According to Breuker [19], most authors agree that a
teaching strategy must question:

e  When to interrupt? What reasons justify interrupting
the student’s course of learning?

e  What to say? This question is divided into:

o selection of the topic(s) to be presented
o  ordering of the topics, if there is more than one
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e How to say it? This is probably the most difficult
question. No concrete general solutions have been
proposed, and many authors here point out the lack
of sufficiently detailed pedagogical theories.

3) Control model: The control module manages the oper-
ation of the tutor system. Its execution cycle can be character-
ized as follows [13]:

e Selection of a teaching strategy from the strategy
bank;

e  Based on the teaching strategy, select an instructional
material from the domain’s knowledge base;

e  Present the material to the student through the inter-
face module (which may include the presentation of
exercises and solution of proposed exercises)

From the student’s responses, diagnose their behavior and
monitor their progress, reading/updating the student’s model
and restarting the cycle. This is the module responsible for the
general coordination of the tutor regarding the functions, nat-
ural language interfaces, information exchange between mod-
ules and communication with other utility programs through
the operating system.

Communication between the tutor modules consists of
saving or reading files, keeping a historical file of the learning
session, activating and deactivating the databases which can be
conceived as “worlds” created from the interaction between the
tutor and the student.

The ICAIs have a learning capacity in what refers to
the alterations made in the tutor’s role, resulting from the
interaction process with the student. In some tutors, the initial
core is not altered at the end of the session, restarting in
the same way for any new user, while in other more refined
models, each interaction or initial database is altered, so that
the system evolves learning with each user and applying this
new knowledge to each student.

4) Interface: This is the expert who interprets natural
language [16]. It is established that a good interface is vital for
the success of any interactive system and ITS are no exception.
On the contrary, it can be said that the quality of the interaction
grows in importance in this kind of system, because it is during
the interaction that the tutor system exerts two of its main
functions [13]:

e  The presentation of the instructional material;

e  The monitoring of the student’s progress through the
reception of the student’s response.

From these two functions, some objectives can be derived
to be fulfilled by the interface module [19]:

e It is necessary to avoid that the student perceive that
the session is tedious; that is, the wealth of resources
in the presentation of the instructional material is
necessary;

e It is desirable that there be facilities for change in
the dialogue initiatives: the student must be able to
intervene easily in the tutor’s discourse, and vice
versa;
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e  The response time must obviously remain within ac-
ceptable limits;

e  Monitoring must be carried out as far as possible in
the background, so as not to burden the student with
questionnaires that could increase their workload, and
also respecting the barrier of response time.

Since the incorporation to the systems of the resources
offered by hypertext and hypermedia, the possibilities of
quality in the presentation of the instructional material have
received significant progress, being improved even further,
with the incorporation of the emerging resources associated
to technologies based on the Web. The variety of resources,
associated with the possibility of reviewing the material in a
way linked to the semantics of the content, makes hypermedia
systems a high potential tool for the presentation of instruc-
tional material in ITS.

Monitoring of student progress occurs at two levels:

e At the level of historical student analysis, that is, from
one session to the next.

e At the level of diagnosis limited to one session.

III. CURRENT DEVELOPMENT IN ITSs IN COMPUTER
AND WEB BASED EDUCATION

Over the past few years, several effective and successful
ITS have been proposed and mentioned in various parts of this
paper. In this section, a review will be made of the different
areas of research on which the research is focusing.

A. Intelligent Adaptive Educational Systems

Adaptive Intelligent Web-Based Systems (AIWBES) or
adaptive hypermedia, are an alternative to the traditional
approach that only provides the development of web-based
educational courses. These systems offer a high degree of
adaptability in terms of objectives, preferences, learning styles
[32] [33] [34], and individual student knowledge during inter-
action with the system [35] [36] [37].

In the area of research, the first research was focused on
adaptive educational hypermedia, which is the result of the
incorporation of resources that combine educational hyperme-
dia with ITS, providing greater flexibility and functionality
than traditional static educational hypermedia [38]. Several
systems have been developed under the AIWBES category,
focusing on distance learning not only to provide support
with textbook course material, but also to provide elements
for problem solving. Adaptive navigation through the material
was implemented to support individual student learning. An
important attribute is that the system classifies the content of
a page so that it is ready to be learned, or even if it is not
ready to be learned because the prerequisites have not yet been
worked with [39]. Additionally, links are ordered according to
relevance to the current state of the student, so that students
know which situations are most similar or which web pages are
most relevant. When the student enters a page that contains a
portion of prerequisite and knowledge to be learned, the system
alerts the student to the prerequisite and suggests additional
links to the textbook and textbook pages about them. Empirical
studies have shown that hypermedia systems in conjunction
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with tutoring tools can be useful in supporting self-learning
[40]. Some intelligent adaptive hypermedia systems that have
been used by many students include Interbook [41] and the
AHAL! [42], which were designed to help students learn better
and in less time [43].

B. Cultural Awareness in Education

In recent years, special attention has been paid to problems
arising in the context of education in a globalized society
[44]. Researchers are concerned about how learning technol-
ogy systems can be adapted through cultural diversity. Nyein
[45] addressed the barriers faced by ITS in the developing
world. Barriers such as lack of computer skills of students,
problems arising from multiple languages and cultures, etc.
were presented along with existing solutions. Ogan et al.
[44], conducted an analysis of learners’ help-seeking behaviors
regarding ITS in different cultures. Behavioral models of help-
seeking behavior during learning have been developed based
on data sets of students from different countries: Costa Rica,
the Philippines and the United States. M. Mohan [46] takes
the first step to avoid focusing on this problem. The root
of this study provides students with some control over their
cultural preferences, including the description of the problem,
feedback, and the presentation of images and suggestions. The
deployment of such systems has provided researchers with the
opportunity to experiment with the phenomena surrounding
the social acceptability of the use of non-dominant language
in education, and has effects that should be further investigated.

C. Collaborative Learning

Research in contemporary education suggests that collab-
orative learning or group learning improves group learning
performance as well as individual learning outcomes [47]
[48]. In a collaborative learning environment, students learn
in groups through interactions among themselves by asking
questions, explaining and justifying their opinions, explaining
their reasoning, and presenting to their peers topics of their
knowledge [49]. Several researchers have pointed out the
importance of having a group learning environment and how
significant it can be in terms of improving learning [50]. Now-
a-days, interesting implementations of collaborative learning in
tutoring systems are emerging to show the benefits obtained
from the interaction between students during problem solving,
such as in the domain of engineering [20], in which teams of
two or more students work on the same task when solving
a problem. Also, a series of experiments were carried out to
investigate the effectiveness of collaborative learning and how
to involve students more deeply in the conversations of the
instructional process with tutors, using teaching techniques
such as attention focusing, question and answer and social
interaction strategies. Students working in pairs were found
to learn better than students working individually [47] [48].

D. ITS with a Playful Focus

ITS and their interactive components can be interesting
when used for a short period of time (e.g., a few hours),
but can become monotonous and boring or even annoying
when a learner needs to interact with ITS for weeks or
even months [51]. The idea behind play-based learning is
that learners learn best when they find the teaching/learning
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activities fun by getting involved and participating in the
learning process in an active way, and by motivating them
to use the system longer [52]. Some researchers argue that the
principles of ITS development approaches maximize learning
and that play technologies maximize motivation. Instead of
learning a subject with a conventional, traditional approach,
students play an educational game that successfully integrates
game strategies with curriculum-based content. Although there
is no overwhelming evidence to support the effectiveness of
educational systems that incorporate playful aspects which
can take the form of games associated with computer tutors,
educational games have been found to have advantages over
traditional tutoring approaches [53] [54]. Finally, several stud-
ies found a strong relationship between learning outcomes,
problem solving in play and increased engagement [55].

IV. SOME DEVELOPMENTS IN ITS’s

In this section, various proposals for ITS architectures
are reviewed and analyzed, including reviewing the results
and evidence reported by the different research groups that
proposed them.

Badaracco and Martinez [56], propose an ITS which has
the objective of dynamically customising teaching processes
according to the profile and activities of the student, using
artificial intelligence techniques. In the proposal, the peda-
gogical model is crucial, because the complexity of the ITS
will depend on their scope, which can be defined as specific
or generic. This work proposes an architecture that uses a
pedagogical model of learning based on competences, with
the purpose of managing the complexity and facilitating its
understanding, along with a diagnostic process for this system.

H. Al Rekhawi and S. Naser [57], propose the design of
a web-based ITS system for teaching application development
in an Android environment to help overcome the difficulties
they face. The system introduces the topic of application
development in Android and manages automatically generated
problems for students to solve. In addition, automatic adapta-
tions are made in relation to execution times, considering the
individual growth of the student. The system provides support
for the realization of constructions through adaptive demon-
strations. An initial evaluation was conducted to examine the
effect of the use of ITS on the performance of students in
the development of applications for smart phones, obtaining
results that showed a positive impact on evaluations.

M. Hamed. S. and Abu Naser [58], proposed an ITS system
to facilitate the learning of science subjects at school level
since, according to these authors, students face some learning
problems. The system supports the understanding of these
issues through analysis and explanation in a systematic way.
The design of the ITS described is focused on the teaching of
science for the 7th grade, supporting students in the knowledge
of characteristics of living beings, providing in addition all the
topics related to living beings and generating some questions
for each topic, to which the students must answer correctly,
in order to pass to the next level. The authors carried out an
evaluation to verify the satisfaction of the students and teachers
who use their proposal. The results obtained in relation to the
usefulness and usability of the system were satisfactory.
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N. Gon, S. Bisw. and L. Ba But [59], report the devel-
opment of an ITS for Multimedia Virtual Power Laboratory
(VPL) which can simulate an electric machine laboratory. In
the VPL architecture, which consists of instructional design
and implementation of an ITS, the virtual lab is supervised
by a virtual Smart Tutor who can track the students’ progress
and monitor their actions, on the virtual lab platform. The VPL
offers a virtual experimental environment with 2D graphics, 3D
animations, audio guidance, simulations, knowledge concept
bases and virtual experiments, functionalities on which the ITS
is designed. It can process user actions and existing resources
in the lab, as well as track student progress by answering
questions, monitoring their actions and, if necessary, guiding
students through the contents of the previous material required
for the mastery of the subject.

W. Yu-Ying [60], propose an ITS to support students in
improving their English skills. The aim of the system is to
provide a tutorial environment where teachers and students do
not need to prepare much teaching and learning support ma-
terial by teaching or learning English in that environment. An
interesting element of the proposal is the verification method of
the intelligent tutoring system, using Petri dishes. The ITS was
developed in an Augmented Reality (AR) environment, a Text
to Speech (TTS) and Speech Recognition (SR) system. The
system is divided into two parts: one for teachers and one for
students. The reported experimental results show that the use
of Petri dish networks can support users in the verification of
the intelligent tutoring system for better learning performance
and correct operation.

The authors W. Ma, O. J. Nesbit, Q. Liu. O and Adesope
[3], conducted a meta-analysis regarding research that com-
pared the learning outcomes of students who learned using
ITS with those who learned from learning environments that
did not include ITS. The meta-analysis examined how the
magnitudes of effects varied according to the type of ITS,
the type of comparative treatment received by the learners, the
learning outcome, and whether the knowledge to be learned
was procedural or declarative, as well as other factors. The
use of ITS was associated with higher performance compared
to teacher-led instruction for large groups of students, non-
computerized ITS-based instruction, and textbooks or work-
books. There were no significant differences between learning
using ITS and learning through individualized human tutoring
or small group instruction. Significant positive average effect
sizes were found regardless of whether ITS were used as
the primary means of instruction, a supplement to teacher-led
instruction, an integral component of teacher-led instruction,
or a homework aid. Significant positive effect measures were
found, at all levels of education, in almost all subject domains
assessed, and whether or not ITS provided erroneous student
feedback or models. The research claim made in this paper
that ITS are relatively effective tools for learning is consistent
with the studies and analyses conducted by these authors.

Likewise, the research carried out evidences that the ITS
developed at the moment constitute effective tools for the
activities of teaching learning, due to which they count on
a high degree of adaptation to the demands and interests of
the students, this in part because they consider elements like
the styles of learning, the individual differences, the levels of
advance in the learning, among other attributes and also to
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the use of techniques of Artificial Intelligence and emergent
resources associated to the Virtual Reality, Augmented Reality
and Multimedia, among others.

V. DISCUSSION

ITS were designed with the objective of having a degree
of adaptation to the characteristics and special requirements
that students demand, individually. The ability to track the
individual cognitive states of students in order to provide an
appropriate response is what differentiates ITS from other
educational systems. Likewise, the ITS focused the attention
of researchers from various disciplines such as Psychology,
Cognitive Sciences, Educational Sciences and especially Com-
puter Science. These systems aim to achieve the possibility
of imitating expert human tutors in the way they teach and
interact with students. Throughout the last decades, ITS have
demonstrated their pedagogical effectiveness, contributing with
the improvement of students’ learning results. It is likely that
their systems will be useful for adults or children with special
needs in the pursuit of their learning goals, as they can be
effective and helpful in supporting the teaching of people with
cognitive disabilities such as dyslexia, attention deficit disorder
and dyscalculia, among others.

Also, many benefits can be obtained from research in
this line of investigation, since there are hundreds of ITS
software applications for a variety of subject domains, and
these applications can be extended to other disciplines.

Research and findings in this direction could increase the
popularity of ITS as a new educational tool approach in order
to support students in their decisions regarding which majors
to choose.

Finally, they can also provide subsidiary support over time
to significantly improve students’ competencies and skills and
prepare them for other stages of their lives.

VI. CONCLUSION AND COMMENTS

It is important to note that despite important developments
in ITS, the differences between human tutors and ITS are
numerous. The role of ITS is therefore to support learners
and human tutors in teaching and learning activities.

Various models were developed for the representation of
knowledge, teaching styles and student knowledge. The dif-
ferent models have advantages and disadvantages. The reviews
conducted concluded that in some circumstances, the use of
ITS allows better results than traditional classroom instruction
and study in printed materials.

Hybrid models were designed to improve and strengthen
traditional models. There are many unanswered research ques-
tions regarding the principles of human thinking and learning,
such as those from approaches in Cognitive Biology, Psychol-
ogy, Educational Sciences, Neurosciences, and others. Many
of these approaches, their methodologies and techniques, have
been incorporated into ITS, and have been implemented and
tested with certain levels of success.

ITS may become a competitive alternative for humans in
the future, considering aspects of cost, time and levels of
application at scale. ITS promise to standardize and implement
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aspects of human learning as much as possible, but they still
have many limitations to overcome.

The convergence of ITS with Al and psychology in re-
search teams, promises continued progress in the development
of ITS research.
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