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Abstract—This full paper of research category presents a
Systematic Mapping Study of the state-of-the-art of research on
adaptation content in Robotic Systems, in the fields of cognitive
profile, learning style and student model. In general, teachers
develop the material that is to be taught and organize pedagogical
activities for the students. As a consequence, students have a
learning environment that does not take into account activities
that have already been completed, actions taken, learning
preferences and cognitive profile. Activities and teaching
materials in robotic environments are the same for all students,
and may end up being insufficient for the effective learning of each
one. The initial search of four main academic databases resulted
in 137 papers out of which 15 papers were included in the final
analysis. Our article presents different researches, which involve
adapting content for learning in robotic environments.

Keywords—robotics; adaptive system; cognitive profile; learning
style; student model; systematic mapping.

1. INTRODUCTION

Educational Robotics (ER) features learning environments
that bring together assembling kits made up of diverse parts, and
allows students to program the robots that have been assembled.
ER has attracted the attention of teachers and students, being
able to be used in an interdisciplinary way, besides serving as
motivating element of learning. It promotes the development of
system thinking and problem solving by designing, creating and
programming tangible artifacts for creating personal objects and
addressing the needs of real-world society. As a consequence, it
is considered very beneficial if the Teaching Institutions include
the teaching of theoretical and practical knowledge about
robotics and cognitive robotics.

With the spread of the Internet, several virtual and remote
robotics laboratories have been developed to support several
areas, given the scarcity of resources and the high cost of
installing physical laboratories. In general, the teaching
materials and assignments are the same for all students, without
considering the learning profile and the difficulty levels, and
may end up being insufficient for the effective learning of each
one. This process results in a learning environment that presents
the same content for all participants, regardless of what is in each
of them, or without performance analysis or behavior in the
environment.

In this sense, the need arises to investigate whether these
robotics laboratories provide an adaptive environment that is
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capable of contributing to learning, considering the cognitive
profile of each student. In addition, it is important to analyze
which customization techniques were used, especially in the
context of adaptation content.

In this paper, we understand the term "adaptation content in
Robotic Systems" as the action of adapt resources (e. g., lessons,
tests and teaching materials) according to the students' cognitive
profile or learning style using a learning environment.

The method used in this research is a systematic mapping
(SM) study. A SM is a secondary study that follow a
methodologically well-defined research process to identify,
analyze, and interpret the available evidence related to a
particular set of research questions, topics or phenomena of
interest [2]. It is focused on structuring a research area [5] and
aims to classify relevant literature and aggregate studies in
relation to defined categories. The scope of an MS is generally
broader and a more superficial analysis and synthesis.

From a SM, this document aims to present a survey of the
state of the art of research that has been carried out in the aspect
of Adaptive Robotic Systems, that consider the cognitive profile,
learning style, or student model. This paper is organized as
follows: Section II presents the related work. Section III presents
the research questions. Section IV presents the methodology of
this systematic mapping. Section V presents data extraction, and
finally Section VI presents the conclusion of this work.

II. RELATED WORKS

Several synonymous terms for adaptive systems are
currently in use, including adaptive environment, personalized
system, personalized environment, and others. Identifying the
students' learning style is one of the ways to obtain their
preferences, providing more effective learning materials in the
teaching and learning process. Given this context, there is
concern about the ways in which learners deal particularly with
information, such as cognitive profiles, learning styles, learner
model, increasingly present in research in the field of
Informatics and Engineering in Education.

Adaptive systems are important for use in educational
environments, since a single learning environment for all
students, regardless of learning preferences, may become
inefficient [14]. There are two approaches recommended to
building adaptive interfaces [14]: I) Consider the classification
level of wuser according his/her knowledge (beginner,



intermediate and advanced). II) Learning environment must me
dynamically adapted to suit each user of the system, according
to the actions taken.

According to Keefe [8], learning styles are related to the
cognitive, affective and physiological characteristics that serve
as stable indicators of perception, interaction and response of
students in their learning environments. Identification of
learning styles has two main applications for Felder &
Silverman [9]: it serves as a guide for teachers about the
diversity present in their classes and serves to help them design
a program to suit all styles. Learning styles should not be
considered as characteristics to indicate strengths and
weaknesses of students. But they can be modified according to
the educational experience of each student.

Users learn different things about the system at different
levels and at different times. Adaptation done by the
environment can consider different levels of knowledge, in
different situations, for different objectives [12]. According [11]
adaptation can be divided into three categories: requested by the
user, requested by the system, or automatically. The first two are
forms of "personalization". Automatic adaptation of systems
responds to changes in user behavior [12].

In order to meet the needs of students, the student model
must adapt the learning experience [16]. On one hand, student
models provide only information about the latest student
interaction to which the system has to react; on the other hand,
student models provide a detailed description of students'
knowledge and cognitive profile [15].

An Intelligent Tutoring System (ITS) is an educational
system that support learning activities and incorporate
techniques of Artificial Intelligence, like a human pedagogic
tutor to assist students [17]. An ITS must evaluates the
knowledge that the student possesses, and the tutor must decide
how and what to teach based on the student's pedagogical state.
However, it is necessary the interaction of a human tutor to

In this sense, [24] presents an agent that interacts with an
ITS, associating each mental state to an emotional state, with
machine learning techniques. The learners' brainwaves are used
to obtain their mental state. Authors make the hypothesis that
there is a strong correlation between these signals and emotional
states.

A robotic cognitive model based on procedural memory and
episodic memory is proposed in [25]. Authors focus on the
research of tacit knowledge in robot cognitive model based on
the representation of knowledge, acquisition of knowledge, and
access to knowledge. This model owns adaptive ability without
human intervention, in addition to own planning ability in real
time.

Maia et al. [10] performed a study to overview the use of
learning styles in introductory programming courses, and
investigate students' difficulties, abilities and characteristics.
The results showed that learning style affects the ability to learn,
but does not indicate success or failure. Authors suggest
incorporating learning styles into their teaching material, to meet
to the majority of students.

A systematic review about adaptation resources supported
by Constructivism in virtual learning environments is presented
in [30]. About adaptation techniques found in the selected
publications, context-awareness was the technique with highest
number of matches found, followed by adaptation by agents, and
collaborative learning. Authors inform the most commonly used
techniques in the literature and which of them are used in a
constructivist manner. Overall, SM or Systematic Literature
Review (SLR) studies provide the state of the art in the field of
learning styles [10] and adaptation resources in learning
environments [Anonymous 2015]. We did not find any work that
presented adaptation content in robotic learning environments.

III. RESEARCH QUESTIONS

This paper offers a systematic mapping of state of research
on adaptation content in  robotic  systems. The
goal/question/metric (GQM) paradigm is based on the premise
that to gain a practical measure, one must first understand and
specify the objectives of the software artifacts being measured
and the objectives of the measurement process [1]. Based on the
GQM paradigm [1], the aim of this systematic mapping is to
analyze scientific publications, with the purpose of
characterizing them, with respect to adaptive robotics systems,
who recommend activities based on the students' cognitive
profile, from the researchers' point view, in the academic
context. Research questions in mapping studies are broader and
should respond to trends related to research (e.g. number of
publications over time, research areas, publication sites, subjects
approached) [5].

This study focus specifically on robotic systems that
personalize content to students, in learning environments. At the
end of this systematic mapping, the following research questions
must be answered: RQ1. What systems adapt content to
students? RQ2. What techniques of adaptation content are used?
RQ3. What are the features analyzed in these papers? RQ4. Is
there any need to improve existing adaptation techniques?
Which are?

IV. METHODOLOGY

To carry out a mapping study, the initial steps are similar to
a systematic review of the literature, with the feature that the
research questions are of a broader character [7]. To answer the
above research questions, we have performed a systematic
mapping study following the guidelines proposed by Budgen et
al. [7], and it was divided into three stages:

1) Identify primary studies that may have relevant results
for the research.

2) Select the primary studies from reading the meta data
(title, abstract and keywords).

3) Perform a complete reading and qualitatively evaluate
the selected studies.

To conduct the systematic mapping, we selected four main
digital libraries: ACM Digital Library (http://dl.acm.org), IEEE
Xplore (http://ieeexplore.ieee.org), Science Direct
(http://www.sciencedirect.com) and SCOPUS
(http://www.scopus.com). The search was also performed using
the snowball process [6], following up the references in papers.



We restricted the search to studies published up to December
2017. The search string was defined according to the PICO
(population, intervention, comparison, outcomes) [2], according
to the structure below:

e Population: publications describing adaptations of

robotic systems aiming at improving student learning.

e Intervention: how the adaptation content process has

been carried out.

Comparison: not applicable.

Outcomes: qualitative evidences (positive and negative)
and recommendations for improvements in the context of
adaptation content in robotics system.

Search strategy was defined considering the most used
keywords in the research questions. The initial set of keywords
(see Fig. 1) was refined after a preliminary search returned too
many results with few relevance.

style .student
adaptive

learner]” ObOth

/)/Ofl/rObot

adapt1v1ty%o
cognitive

Initial set of keywords.

Fig. 1.

Search string was constructed by combining keywords and
synonyms, and the terms used in it are shown on Table I. It
should be noted that the search string has been adapted for each
digital library.

TABLE L SEARCH STRING

((adapt* OR personaliz* OR "intelligent tutoring")
AND ("system" OR "environment" OR laborator* OR
"learning management system" OR "lms" OR
"moodle"))

AND
("cognitive profile" OR "cognitive model" OR
"learning style" OR "student model" OR "learner
model" OR "user model")

AND

(robot™®)

B. Studies Selection

Selection process is essential to help answer research
questions. The selection process of the publications took place
in three stages:

e Identification of studies: The researcher performs the
search in the selected sources using the search string that
was elaborated (the searches were carried out
considering the meta-data).

e [I1° filter]: For the selection of the publications in the first
filter were read the title, abstract and the keywords. In

which, the set of articles is selected from the verification
of the inclusion and exclusion criteria.

e [2° filter]: In the second filter the publications extracted
in the previous step are reanalyzed and read integrally,
following the inclusion and exclusion criteria. In this
way, only articles that have had their information
accepted according to established criteria are analyzed.

After performing the searches, each candidate study passed

through a set of stages until its eventual selection (see Fig. 2).
First, we assessed the title and read the abstract and keywords,
looking for papers that described adaptive systems, or
personalized systems, or intelligent tutoring systems, that
consider cognitive profile or learning style. Papers unrelated to
robotic systems were excluded. Second, we retrieved each study,
read it entirely, and critically appraised it based on similar
criteria as in the previous round.

Digital
Query N I8l ? Results Analyzed
Libraries Papers
(((adapt* OR personaliz* OR DIGITAL
Acv{Es
"intelligent tutoring”) AND Qv LIBRARY
("system" OR "enviroment" OR
laborator* OR "learning IEEE Xp/ore

management system" OR "Ims" OR
"moodle"))

AND  ("cognitive profile" OR
"cognitive model" OR "learning
style" OR ‘"student model" OR
"learner model" OR "user model")
AND (robot*))

137 | 15 |
results results

Fig. 2. Selection process.

A paper was discarded if it was out of scope (e.g., the paper
did not describe adaptive robotic systems), or of no credibility,
or short paper (e.g., papers of insufficient length, or low quality
prose that prevented understanding and assessing the
proposal/contribution). Then, a data extraction form was filled
out for each selected study to gather evidence for the review
goals. Finally, we removed duplicate papers or preliminary
versions of works already being analyzed (unless they described
different aspects).

Inclusion and exclusion criteria are presented on Subsections
C and D, and are used to exclude studies that are not relevant to
answer the research questions [3].

C. Inclusion Criteria (IC)

The following inclusion criteria were applied to titles and
abstracts:

e IC.1. Papers present studies related to cognitive profile,
learning style or student model.

e [C.2. Papers are in the field of robotic systems.

e IC3. Papers that present studies related to
recommendation or personalization of activities.
IC.4. Papers that are available on the web.
IC.5. Academic journal, conference and workshop
papers.

e [C.6. Papers written in English.

e [C.7. Publication date until December 2017.

D. Exclusion Criteria (EC)
The following criteria state when a study was excluded:

e EC.1. Articles short paper.



EC.2. Papers not available in full format.
EC.3. Publications that are courses, books, tutorials and
the like.

e EC4. Duplicate studies already returned in another
digital library.

V. DATA EXTRACTION

In a first evaluation, still on the page of the search engine,
the first study was carried out, where the meta-data were
considered for reading: title, abstract and keywords. In order to
organize the relevant data from the identified studies,
information was entered into a table (see Table II), where each
row represents an item, which is accompanied by a value, and
may be associated with a research question or not.

TABLE II. DATA EXTRACTION FORM
Data Item Value RQ
Title Title of the article that adapt RQ1

content to students.

Author(s) Set of names of authors. -
Year Year of publication of the work. -
Type of study Type of study. -
Robot Simulated or physical robot. -
Techniques of content How did the customization process RQ2
adaptation take place in the environment used.
Features analyzed Features analyzed. RQ3
Recommendation for Recommendation for improvement. RQ4
improvement
Contributions Contributions of research. -
Future perspectives Suggested research question for -

future work, if any.

A. Quantitative Analysis

Quantitative analysis consists in providing the number of
publications selected to be part of the systematic mapping, data
cataloging and charting presenting a general approach of these
studies (divided by year and place of publication). Table III
shows the number of articles analyzed in the first and second
filters, as well as the number of duplicate articles.

TABLE IIL NUMBER OF ARTICLES
Databases Returned 1° filter 2° filter Duplicated
ACM 19 6 3 1
IEEE 28 18 8 1
Science Direct 8 2 0 0
Scopus 82 29 4 14
Total 137 55 15 16

A total of 137 papers were obtained by running the query in
the databases. Out of these 137 papers, 55
title/abstract/keywords passed the first stage, and 15 were
thoroughly reviewed (16 papers were duplicated, and 6 papers
were not accessible). Fig. 3 presents the quantitative of articles
that were selected to be read in full, according each digital
library.

SCOPUS

SCIENCE DIRECT

ACM

Fig. 3. Number of articles selected in digital libraries.

After removing non-relevant papers, finally, 15 papers
passed all the aforementioned filters and were included in the
review presented in this section. The list of included papers as
well as information about their contexts, data sources, and
evaluation are presented in Table V. Even though no temporal
filter was applied when the queries were executed, all included
papers were published until 2017. The number of articles
published per year is presented in Fig. 4.
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Fig. 4. Articles published by year.

B. Qualitative Analysis

Below, we present an overview of the types of contributions
made by the reviewed papers, according to the inclusion criteria
and research questions that were defined previously.

1) Types of Contributions

To categorize the studies selected in this SM, we used the
facet classification presented in Petersen et al. [3] because it is a
good way to organize search types. Our classification scheme
assembled one facet structured the topic in terms of the type of
research. The classes that form the research facet are described
in Table I'V.

TABLE IV. RESEARCH TYPE FACET [3]
Category Description
Validation Techniques investigated are novel and have not yet
Research been implemented in practice.
Evaluation Techniques are implemented in practice and an
Research evaluation of the technique is conducted (informing
what are the consequences of the implementation in
terms of benefits and drawbacks).
Solution A solution for a problem is proposed, and it can be
Proposal either novel or a significant extension of an existing




technique. Benefits of the solution can be show by a
small example or a good line of argumentation.

Sketch a new way of looking at existing things by
structuring the field in form of a taxonomy or
conceptual framework.

Express the personal opinion of somebody whether a
certain technique is good or bad, or how things should
been done. They do not rely on related work and
research methodologies.

These papers explain on what and how something has
been done in practice, being a personal experience of
the author.

Table IV presents categories to rank the studies, and it was
applied after filtering process. The classification was performed
considering only the articles included after the application of the
second filter. The review distinguished between three types of
contributions (see Fig. 5): 80 percent presented a solution
proposal, 13 percent study of evaluation research, and only 7
percent a search of validation research. The description of the
papers is presented in the next subsection.

Philosophical
Papers

Opinion Papers

Experience
Papers

= Evaluation Research = Solution Proposal » Validation Research

Fig. 5. Research types.

2) Description of papers and Research Questions

There are many research areas in adaptive systems selected
in this SM, and they are described below. To answer RQ1
("What systems consider the learning style or cognitive profile
of each student?"), we provide below a brief description of the
papers selected in this systematic mapping.

In research developed by [12], authors identify individual
cognitive and personality characteristics to designing systems
which can adapt to individual differences, validate them and
discover appropriate design to deal with differences. Authors
explain how individual characteristics are identified and
describe how they were incorporated in an operational. At the
end of the paper is presented the development of a system that
integrates a set of tools and facilitates the creation and
amendment of adaptive systems to allow rapid changes.

User Interface Design Environment (UIDE) is presented in
[13], and aim to provide adaptive behaviors both on interfaces
and help as interface design options. This paper show how user's
knowledge can be modeled to carry out tasks, and help automate
the user interface design process at run time. The UIDE

application model and user model will allow several forms of
adaptive behavior provide explanations of how to carry out tasks
based on the user's knowledge, in addition to rearranging menus
and dialog boxes.

An adaptive interface system named DB_Habits is presented
in [14], and aim to incorporate knowledge about the underlying
system to recognize repeated sequences of commands issued by
the user. The system provides an adaptive user interface which
discovers the tasks that each user performs from observation of
that user's behavior those tasks are then made available to the
user as meta-commands or macro scripts. The system builds a
model of the user's tasks, and produce hypothesis about the
tasks, in addition to provide methods for the user to teach novel
knowledge directly to it through the collaborative interface.

An ITS coupled with a semi-open learning environment is
presented in [15]. The objective of this paper is to develop a
student model representation for an intelligent tutoring system
of a virtual laboratory, using probabilistic relational models. In
this environment it is necessary to register student data and
background to obtain an initial model of a new learner. As a case
study, authors selected a simulated mobile robotics laboratory to
be used, and evaluated the tutor and the student model, using the
virtual robotics laboratory.

In the same research area, an ITS coupled to a virtual
laboratory for learning mobile robotics is proposed in [17]. It
presents a model which integrates information from the students'
pedagogical state, affective state, and the tutorial situation, to
decide the best tutorial action from a pedagogical and affective
point of view. Authors implemented a tutor that recognizes the
affective state of the student and interacts in real time, and may
be able to motivate students and improve the learning process.
This proposal is based on emotions models, personality theories
and teachers' expertise, and provides the student with the
opportunity to learn through exploration within simulated
experiments.

An Affective Behavior Model (ABM) for ITS is presented
in [18], and tutor considers the student' affective and
pedagogical state, to select the best tutorial action. This model
was integrated to an intelligent tutor for mobile robotics,
allowing to the student receives a tutorial action composed by an
affective and a pedagogical action (with the purpose of convey
knowledge the student needs to know). In this sense, the tutorial
action to be delivered to the student is determined by the
affective behavior model.

A framework for an Interactive Robot-based Tutoring
System (IRTS) is described in [19]. The proposed system has a
a robot tutor that interacts with a user, and combines computer-
based expert systems to simulate a human tutor, and systems
which help users with physical interaction using robotic devices.
The system train the user considering his ability and habitual
weakness, measure his performance using its sensors during the
training, generates the user model and provides appropriate
training tasks.

An adaptive e-learning system that identifies the initial user
typology based on static features is presented in [20]. Authors
divide groups of learning typologies according to the theoretical
learning styles present in the literature. Clustering experiments



were performed using the implementation of k-means algorithm,
divided into two parts: the first focused on both study activities
and motives and views, the second focused on study activities.

Relying on the students' learning style, [21] presents a user
model to enhance an Adaptive Intelligent Web Based Education
System. In this paper, authors used an implicit method where
users’ actions on mouse clicking can be detected, processed and
kept in the user model, and adapt the course content using an
adaptive presentation technique. About learning style prediction,
Production-Fuzzy Rules Technique had a better result when
compared to Naive Bayes.

An ITS named CanadarmTutor for learning to operate a
robotic arm is presented in [22]. This research was developed to
support tutoring services, and consists in build a cognitive task
model, a data mining approach for automatically building a
constraint-based modeling, and a 3D path-planner to integrate
an expert system into an ITS. The system was developed to train
astronauts to operate a 7-degrees-of-freedom robotic arm,
having tutoring services as support.

The architecture of an adaptive robotic laboratory is
described in [23]. The system allows robotic experiments to be
performed via internet, and students autonomous control robotic
devices. The system offers an environment flexible and
configurable, and maintain a student model for each learner,
storing their knowledge and skills, according to their
performance in the environment.

In [26], an adaptive educational system that supports
constructing the user model was introduced to teach stepper
motors to the students more effectively. In this system, students
can express their learning preferences, stores the knowledge
level in a separated user model, with custom content that
considers learning style for each student.

[27] presents the development of a system to materialize
cognitive tasks by applying the cognitive architecture ICARUS
to the humanoid robot platform Mahru-Z. Robot performs the
task of stacking the blocks in conducted experiments, by sorting
them according to colors, and can can send various sensor data
to external servers. Authors build a TCP based communication
interface for the communication between the cognitive
architecture and the robot. Information change periodically, and
the architecture and the robot easily adapt to the environmental
changes.

A robotic educational agent integrated into a math learning
scenario to reengaging students using behavioral strategies is
presented in [28]. Authors apply behavioral strategies
comparable to that of a human teacher, and they focus on the
math testing scenario to evaluate the role and students'
engagement using a robotic agent. The user' behavioral state is
determinate according student’s interactions with the tablet.
Three information were analyzed to measure engagement: time
required to answer a question, definition of answers, and suitable
function executions.

[29] outlines a set of design processes and considerations
necessary to construct a Socially Assistive Robot (SAR) system,
to help in teaching number concepts to preschool children. The
approach developed support number concepts learning, and
authors collected data to capture child performance applying

learning style inventory questionnaire. This paper presents a
hybrid approach through which the learning styles of the child
participants and the exercises are defined by literature-based
features. This paper presents an approach in which participants'
learning styles and exercises are defined by characteristics based
on the literature.

To answer RQ2 ("What techniques of content adaptation are
used?"), we describe below the techniques identified in the
studies: 1 paper was based on Felder and Silverman learning
style [29]; 1 paper grounded the research in cognitive
architecture ICARUS [27]; 1 paper used Bloom Taxonomy and
Vygotskij’s theory [23]; 1 paper grounded the research in ACT-
R and MIACE cognitive theories [22]; 2 papers used Naive
Bayes [21], [26]; 1 paper used production fuzzy rule [21], 1
paper was based on Vermunt's learning style [20]; 4 papers used
Bayesian networks [15], [17], [18], [20]; 2 papers were based on
OCC cognitive model [17], [18]; and 1 paper used cognitive
factors analysis of Van der Veer [12]. Fig.5 presents the graphic
with techniques used. Fig.5 presents the graphic with relating
amount and techniques used.

Felder and Silvermanlearningstyle.
Cognitive architecture ICARUS.
Bloom’s Taxonomy.

Vygotskij’s educational theory.
ACT-R and MIACE cognitive theories.
Naive Bayes.

Production-Fuzzy Rule.

Vermunt’s Learning Styles.

Bayesian networks.

OCC cognitive model.

Van der Veer.

=
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To answer RQ3 ("What are the features analyzed in these
papers?"), we found some and thye are described below:
improvement of the interface, accessible interaction
mechanisms, representation of the student model for tutoring
systems, virtual laboratory that provides simulated experiments,
cognitive model of emotions integrated to the tutor,
improvement of user skill, association of techniques with Index
of Learning Style. More details can be found on Table V.

Finally, to answer RQ4 ("Is there any need to improve
existing adaptation techniques? Which are?"), the information of
each paper is described on Table V, followed of it' contribution
and future perspectives.

VI. CONCLUSION

This paper presented a systematic mapping study to
overview about adaptation content in robotic systems. We
summarized papers that were published up to 2017. For this
propose, we defined research questions and search strings to
guide the automatic search on four databases. After running the
search, 137 articles were selected. We filtered them based on the
inclusion and exclusion criteria resulting in 15 studies. Inclusion
and exclusion criteria were defined to help us answer the
research questions.



We have found little research related to adaptive robotic
learning environments. This indicates that this area of research
is still being developed. From all the results described above, we
can extract several main responses to our four research
questions. Most of the proposed are not associated with robotic
systems. [15], [17], [18] and [22] use robotic programs
simulated. [23], [27], [28] and [29] use robotic devices. [23] uses
Arduino and Lego Mindstorms, [27] uses the robot platform
Mabhru-z, [28] uses Darwin robot., and [29] uses Aldebaran
NAO robot.

This study identified studies in several areas: systems which
can adapt to individual differences in personality and cognitive
style [12], knowledge base model of the user interface design
environment [13], adaptive interface system [14], intelligent
tutoring system [15], affective behavior model [17] [18],
framework for an interactive robot-based tutoring system [19],
adaptive e-learning system [20], comparison between
Production-Fuzzy Rule and Naive Bayes [21], multiparadigm
approach to support tutoring services [22], adaptive remote
robotic laboratory [26], cognitive architectures [27], robotic
educational agent [28], and assistive robot tutoring system [29].

We hope that this work help researcher interested in working
with adaptive robotics systems that associate learning styles,
student model and cognitive profiles.
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TABLE V.

DATA FORM

Techniques Recommendation for
Title | Author(s) Type of of content Features Analyzed improvement Contributions Future perspectives
Year study Robot adaptation p
RQ1 RQ2 RQ3 RQ4
Level of spatial ability and | The user interacts directly | An interface style which | Interfaces should not be designed
field dependence and the | with the target system | minimizes navigation and | which require users to traverse a
Cognitive characteristics  of  the | which then exploits its | constrains the dialogue, is | number of systems or a multi-level
2] 1993 Solution R factqrs command interface which knowledgg of users and | suitable f_or users with both a | hierarchy and which do not provide
Proposal analysis of they took to be the | the domain to adapt the | low spatial ability and low | adequate reference points: such
van der Veer. | openness and flexibility of | system appropriately. experience of using | systems require users to have a high
the dialogue. command language style | level of spatial ability and many
interfaces. users do not have this characteristic.
The model represents | Though performance time | Allow to provide several | Their long term goal is to make
some of the application’s | data are wused, UIDE | forms of adaptive behavior. | UIDE  self-adapted; that is
semantics and the | adaptations are not aimed | We will be able to provide | continually being able to evaluate
interaction  mechanisms | at making users type faster | explanations of how to carry | adaptations automatically using
Solution used to access those | or move the mouse | outvarious tasks based onthe | collected user performance data
[13] 1993 - - . . ) .
Proposal semantics. quicker. We are more | user’s current knowledge. | and pre-defined analysis
interested in interfaces | Similarly, the amount of | techniques.
which are dynamic and | detail and extent to which
keep up with the users. detail is repeated in an
explanation can be adapted.
Uses pattern recognition | Because of the wide range | Authors advocate building | A perhaps surprisingly small
techniques, enhanced by a | of user variability, the | systems which adapt their | amount of low-level Domain
number of small-scale | system can only produce | interface to the individual | Syntax Knowledge improves the
knowledge-based systems | hypothesis about a user's | user, based on observation of | quality, both subjectively and
[14] 1993 Solution ~ R (KBSS) communicating | tasks and must seek advice | that user. objectively measured, of the results
Proposal via a blackboard, to locate | horn that user to verify and produced by DB_Habits.
repeated sequences of | refine the models it builds.
commands in recordings
of the user-system
interactions.
Develop a student model Offers a semi-open learning | Extend the evaluation of the tutor
representation  for an environment providing the | with more experiments, and
intelligent tutoring system students with the opportunity | designing a model to integrate an
of a virtual laboratory, to learn through exploration | affective behavior to the intelligent
using probabilistic with different aspects and | tutoring system in order to provide
[1s] 2005 Evaluation Simulated. Bayesian relational models. B parameters for the | students with a -suitable response
Research networks experiments. A system to | from a pedagogical and affective
assess the effectiveness of | point of view.
learner exploration behavior
and experiment performance
at  different levels of
granularity is developed.
Developed an intelligent Affective behavior model is | The next phase is to integrate the
ocC tutoring system coupled to being integrated to an ITS | affective behavior modelto the ITS.
cognitive a virtual laboratory. This coupled to a  virtual [ Then, they will conduct some
Evaluation ) quelof environment pfovides the labor.atory 4f0r teaching §xperiments tq compare the
[17] 2006 Rescarch Simulated. emotions, and | student with the - mobile robotics. improvements in learning and
- dynamic opportunity  to  learn affect of the students with the
Bayesian through exploration within incorporation of the affective
networks. simulated experiments. components, against the ITS
without affective components.
The affective behavior | The study consisted in | Development of a decision- | The next step is to complete the
model  integrates  an | presenting to students | theoretic  affective tutor | integration of the ABM with the
ocCC affective student model | three different tutorial | model, which selects a | ITS for learning mobile robotics;
cognitive based on the OCC | scenarios and the affective | tutorial action, based on the | and then to conduct another user
Solution model of cognitive model of | and pedagogical action | affective and the pedagogical | study.
[18] 2008 Proposal Simulated. emotions, and | emotions and relies on a | selected by the affective | state of the student; and the
dynamic probabilistic network. The | behavior model | refinement of this model
Bayesian tutor model is rooted in | considering the affective | based on the opinions of
networks. teachers” expertise and | student state and the | experienced teachers in the
intuition. tutorial situation presented | domain.
in the scenario.
The results demonstrated A robot tutor interacts with a | The experiments will be expanded
that the system was able to user in a real environment, | to various types of subjects with
improve user’s ability as and trained the user | different ages and abilities to
well as correcting the considering his ability and | validate the effectiveness of the
. habitual weakness. habitual ~ weakness.  The | system.
Solution .
[19] 2010 Proposal - - - system was able to provide a
suitable training task to the
user by combining the
proficiency-based and
propensity based training
units.
New  techniques  for | The discrepancies | Employment of a clustering | To eliminate discrepancies, authors
investigating the | observed in the results can | method to determine the | propose the following measures:
correlation be- tween the | be eliminated by careful | different groups of learning | (1) removing the regional and
intermediate attributes and | design of the | typologies, corresponding to | cultural scores from the analysis
Vermunt’s learning types. psychological test which | the theoretical learning styles | (and the corresponding initial
. Learning measures the initial user | present in literature. The | questions) and (2) applying the
[20] 2010 Solution - Styles model. static features. model for the adaptive e- | questionnaire on samples from all
Proposal . " . N
Bayesian learning system combines | the interest groups (from all the
Network. features  from  aptitude- | study years).
treatment and the micro-
adaptive model, enhanced
with  the  constructivist
collaborative approach.
Solution Production- | Which techpique is better ProdugtionTFuzzy Rules Adaptive Intglligent Web
[21] 2011 Proposal - Fuzzy Rule for replacing Index of | Technique is more suitable | Based Educational Systems, -

(PFR) and

Learning Style (ILS) as a

which is developed for this




Naive Bayes | modality for learning style | to predict the user’s | research allow users to adapt
techniques. detection tools. modality learning style. the most appropriate course
to suit their modality learning
style.
Observed that the tutoring Simulation-based  tutoring
services were generally system to train astronauts
Cognitive helpful and appreciated by how to operate a 7-degrees-
model is users and that, in general, of-freedom  robotic  arm
Solution ) based onthe | users did pot repeat the deployed on Ih§ International
[22] 2013 Proposal Simulated. ACT-Rand | same  mistakes  after - Space Station (ISS). -
MIACE receiving feedback. CanadarmTutor offers a 3D
cognitive simulation of the arm and the
theories. space station, which let
learners to operate the arm in
a safe environment.
Mindlab2 adds aspects of | In MindLab2, adaptive | The learner can build her | Authors have yet to perform a field
personalized and adaptive | provision of problems is | personal learning path, by | experimentation, due to the fact that
e- learning in a wusual | added to the capability of | selecting problems in an | teaching time is still to start at the
Vygotskij’s environment  supporting | full interaction with the | available repository, guided | time of writing the paper. The
Solution Arduino e educational learningl by te.le operation | physical devices of the | by her ir}terest, prefgrences %megration of .simulgtion dyivers
[23] 2017 Proposal Lego theory. of robotic devices. laboratory. and learning goals, with the | into the system is a primary aim for
Mindstorms Bloom’s only constraint given by the | future work. The development of
Taxonomy. limitation to choose problems | the theoretical model underlying
that are in the affordable | the system, regarding specially the
zone. definition of a more extended
student model.
The system gathers data System presents the materials
from the users (students) with special media tools and
on-line as well as updates content types considering
the user models learning style for each
continuously. Moreover, student. Students are tested
Validation . the system has such when the first session is
[26] 2007 1 Research : Naive Bayes. | liities as guiding and : started. Models are updated i
serving additional with interactions applied by
explanations according to users. The system determines
the users’ preferences and the knowledge status of each
defects in the knowledge user for each concept which
domain. consists of the domain model.
System  structure also | Physical restrictions in the | A new system to materialize | Verify the capacity of the
facilitates easy updating of | robot platform have added | cognitive tasks in the real | architecture by a simple task called
various application | complexities in various | physical domain by applying | the “block stacking problem”; so
L. services, through the | dimensions, but  the | ICARUS. In this paper, | now this architecture might be used
Solution Robot C"g‘““ve network, so the same robot | architecture successfully | experiments are conducted | in more diverse and complex tasks
[27] 2010 Proposal I\lelatt)im[; a{gz‘}:}'ge can be used to provide | manages to produce a | such thata robot performs the | in near future.
anru-2. : improved services | valid procedure to achieve | task of stacking the blocks by
depending on its | the given goals. sorting them according to
environment and colors in the Blocks World
commands. domain.
Math testing scenario to System that integrates a | Expand this research to use children
evaluate the role and robotic educational agent into | as subjects rather than college-aged
effectiveness of a math learning scenario and | individuals and older, and
[28] 2013 Solution Darwin robot. R engagement using a _ discuss the processes | implementing a proper rf)botic tl{tOl‘
Proposal robotic agent. employed to reengage the | that employs machine-learning
student using  behaviors | techniques to build a model of the
comparable to that of a | student with whom it is interacting.
human teacher.
Socially Assistive Robot | Train a  personalized | Presented an interdisciplinary | Authors intend to explore the
(SAR) tutoring system to | number concept learning | design process, a multimodal | multimodal aspects of the children's
Solution Aldebaran Felder and support the efforts of [ model constructed using | data collection, and initial | interactions in greater detail.
[29] 2015 NAO robot. X educators in  teaching | literature-based and expert | results for a SAR approach to
Proposal Silverman. . .
number  concepts  to | knowledge on number | personalized education,

preschool children.

concepts learning.

specific to preschool number
concept learning.
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