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ARTICLE INFO ABSTRACT

Actualizing instructional intercessions to suit learner contrasts has
gotten extensive consideration. Among these individual contrast factors,
the observational confirmation in regards to the academic benefit of learn-
ing styles has been addressed, yet the examination on the issue proceeds.
Late improvements in web-based executions have driven researchers to
re-examine the learning styles in adaptive tutoring frameworks. Adaptivity
in intelligent tutoring systems is strongly influenced by the learning style
of a learner. This study involved extensive document analysis of adaptive
tutoring systems based on learning styles. Seventy-eight studies in literature
from 2001 to 2016 were collected and classified under select parameters
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tutoring system (AITS) while others focused on impact of AITS on learner
satisfaction and academic outcomes. Currents trends, gaps in literature and
ications were discussed.

© 2017 IJCRSEE. All rights reserved.

1. INTRODUCTION probing into their learning preferences, needs
and their knowledge level. Each individual is
different and hence the learning process fol-
lowed is significantly different from the other
individual. There are diverse learning traits
which influence the learning procedure and to
a greater degree determine the learning style
of the learner. Several studies have been car-
ried out around these differences with an aim
to improve the effectiveness of learning, while
designing the teaching and learning environ-
ment (Bozkurt and Aydogdu, 2009; Demirbas
and Demirkan, 2003). Numerous instructive
hypotheses and studies guarantee that learn-
ing gain can be improved, when the learner’s
learning style is recognized. when compared
to the real time class room teaching, there
are several shortcomings in the traditional

With the growth and advancement
in internet technology there has been rapid
progress in education delivery employing
e-learning mode as (Chrysafiadi. K and Vir-
vou. M, 2012). The motivation of e-learning
is not just conveying learning material to the
prospective learner on web, but also to ca-
ter to the needs of instructors, and students/
learners, who are looking for developing their
own subject specific repositories. E-learning
offers education to different learners, without
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web-based and standalone education systems,
such as lack of adaptability, flexibility support
and feedback, absence of synergistic support
amongst learners and the tutoring system (Xu,
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Wang and Su, 2002). This is the reason for
growing interest of the researchers towards
adaptivity in e-learning, ultimately towards
the goal of providing benefits to learner (Schi-
affino, Garcia, and Amandi, 2008).

Adaptivity is important in learning pro-
cess to provide and manage learning route
adapted for each user, monitoring and inter-
preting user activities as per their needs and
learning preferences. Adaptive feature of e-
learning framework matches the activities,
and personality of the learner with learning
material (Park and Lee, 2003). According to
Felder and Silverman (1988), many research-
ers believe that tutoring can be very effective
and influential by coordinating the learning
material with the learner’s preferences and
their learning styles. We identified a strong re-
lationship between learning style and adaptive
tutoring system. Different learners have differ-
ent way of learning, and each learner prefers
to learn in his/her own individual way that best
suits as per individual’s characteristics such as
learner past knowledge, learning style, cogni-
tive and intellectual ability and the like. Tutor-
ing as per these individual characteristics of
learner, make learning effective and promote
use of adaptive tutoring system for improv-
ing the learning. To improve performance of
learning, the teacher should anticipate which
learning style is most adapted to the learner.

Learning style is characterized as the
strength, quality and inclination in which in-
dividuals get and process data. It alludes that
each individual has own particular strategy or
set of techniques when learning (Felder, R.M
and Spurlin, J. 2005). Learning style does not
have a single definition, according to Jonas-
sen and Grabowski (2012), learning style is
defined as a connected intellectual style, cog-
nitive ability in the field of learning elated
one more level from unadulterated handling
capacity. As confirmation of this evacuation,
learning styles are generally in view of self-
revealed learning inclinations. For measuring
them, instruments are utilized that gather some
information about their inclinations. Con-
versely, subjective styles are distinguished by
undertaking applicable measures, which test
the genuine capacity or expertise.

James and Blank (1993), characterized
learning style, as a condition under which, stu-
dents most beneficially and suitably observe,
process, store and recollect what they aspire to
learn. After identification of learners learning
style, teachers could design the tutoring strate-
gies and provide learning material according
to their learning style (Felder and Silverman

(1988). Index of learning style questionnaire
defines the dimensions of learning style on
a scale ranging between +11 to -11 (Felder
and Silverman, 1988). In addition, Felder
questionnaire due to its reliability and valid-
ity (Litzinger, Lee and Wise, 2005; Van Zw-
ancnberg, Wilkinson and Anderson, 2000) is
widely accepted for use in adaptive intelligent
tutoring system (Kuljis and Liu, 2005).

An imperative issue in des1gn of adap-
tive tutoring system is selection of learning
characteristics specifically termed as ‘attri-
butes’ or objects to be considered. Given dif-
ferent learner characteristics, it is important to
examine each and in different learning context
to be able to mark its importance for future
research studies. Many studies reveal that,
adaptive tutoring systems based on learning
style are more productive, increase learner
fulfillment level, minimize learning time and
improve academic achievement of learner
(Tseng, Chu, Hwang, and Tsai, 2008; Graf,
Kinshuk and Liu, 2010). Learning style is a
significant feature to focus on individual dif-
ferences while developing an adaptive system
(Graf, Liu and Kinshuk, 2009; Liegle and
Janicki, 2006).

1.1. Literature Review

Recently, there has been a rapid re-
search in the field of online learning hyper-
media particularly focused on adaptation
and personalization of web-based learning
situations. In the recent past, there have been
number of studies focused on the preferences
and learning style of learner. Learning style
theories and their applications have been used
in practice in mid-2000 in the different fields
(Ozyurt et. al., 2015). Nowadays, many edu-
cational institutes, universities prefer teaching
using e-learning courses. There is little focus
given to the needs, choice, and characteristics
of individual learners and therefore, all learn-
ers are treated in same manner. The concentra-
tion of the present study is intelligent tutoring
systems/ adaptive educational frameworks
that suit learning styles. As demonstrated in
advance, despite the fact that the significance
of learning styles in versatile guideline has
been addressed, latest research directed in
technological improvements has promising
ramifications (Shih et. al. 2008). Work Pro-
posed by Stash, N. (2007) also studied the
impact of learning style specifically on adap-
tive hypermedia systems. The results section
of the proposal presents quantified evaluation
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on significant improvement of user/learner’s
interest and understanding of specific content.

To build our comprehension about ex-
isting patterns in adaptive tutoring systems,
to put together our contemplates based on
learning style and to distinguish conceivable
crevices to be returned to in future work, we
directed a substance investigation of distrib-
uted learning style models and executions on
intelligent tutoring system based on learning
styles.

We trust that the present investigation
adds to the field, prompts more powerful in-
telligent tutoring system activities, and en-
courages instructional creators to adapt well
to the dynamic learning content creation for
academically intelligible e-learning. In the
following segment, inquiry and examination
methods are compressed trailed by the dis-
coveries of the detailed documents investiga-
tion, and conceivable bearings for additionally
contemplates. This analysis anticipates to add
to the decisions of the present circumstances,
and the sorts of studies that are required in
this area, its application, the impact of learn-
ing style on AITS, and the current slants in the
field. Moreover, it has a huge investigation, it
plans to decide the present patterns about an
adaptive intelligent tutoring system in light
of learning styles and existing literature gaps,
which will advise for the future investigations.
This analysis can add to the improvement of
more proficient and gainful AITS. In addi-
tion to that, the investigation is relied upon to
manage e-learning system developers on the
most proficient method to make e-learning
with a solid academic foundation. So along
with this, the aim of this literature analysis is
to do a broad investigation of articles focused
on learning styles of learner published from
2001 to 2016 and answer the accompanying
research questions.

1. What are the main focus, purpose, re-
search type, and method of study of AITS ad-
dressing learning style?

2. What are the types of participants and
their levels, area/field and data gathering tools
employed?

3. What are the learning style applica-
tions, and learning style classification algo-
rithms that have been used in AITS?

4. What are the learning styles models
accommodated in adaptive intelligent tutoring
systems?

5. What are major findings and summa-
ry concerning learning styles as an attribute of
learner?

Vol. 5, No. 2, 2017.

2. MATERIALS AND METHODS

The current study examines the learn-
ing style based AITS, which was conducted
through the document analysis published
from 2001 to 2016. Document investigation
is depicted as systematically organizing, clas-
sifying, looking at contents and acquiring
outcomes from literature (Ary et. al., 2013).
The purpose behind picking the document in-
vestigation strategy is that, this joins informa-
tion which are similar to each other in view
of specific ideas, methods, purposes, and ap-
plications. A variety of research is being done
in this field. Most of them can be classified
majorly in three different dimensions such
as, Search Strategies, Criteria for Inclusion
and Exclusion and finally, Data Accumulation
and Investigation. These are being explored in
coming subsections.

2.1. Search Strategy

There is a drastic growth in the field of
adaptive tutoring systems since 1990 (Mo-
dritcher, 2008). Extensive document review
was conducted over electronic databases
including  ScienceDirect, GoogleScholar,
Dissertations, InderScience, Thesis and
SpringerLink. For this keywords namely “per-
sonalization”, “web-based learning system”,
“adaptable learmng systems”, “personalize
learning system”, “adaptable tutoring sys-
tem”, “adaptation/adaptively learning style”,
adaptablhty” “learning style”, “adaptive hy-
permedla” “adaptlve instruction”, “adaptive
behavior”, “adaptive instructional system”,
“learning system /intelligent tutoring system”,
“user modeling/learner modeling/student
modeling”, “artificial intelligence” were used.
This study is limited only to these keywords.

2.2. Criteria for Inclusion and
Exclusion

The accompanying incorporation cri-
teria were utilized for the article determina-
tion: articles which are more cited in view of
learning style were preferred with an attention
on mapping of experimental research for the
adequacy of an adaptive intelligent tutoring
system. Additionally, the articles which were
resolved to be AITS works created in view of
learning styles were gathered. Among the re-
hashed articles, just a single article was incor-
porated into the study. Through the document
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analysis, above 90 research papers were gath-
ered and it was observed that some of them
were redundant with respect to a particular
framework of learning styles. So under such
conditions, the most extensive article based on
a similar framework was incorporated while
others were barred. The explanation behind
the inclusion/exclusion was that these exami-
nations that depended on a similar framework/
item/foundation, are kept separately for isolat-
ed investigations. Consequently, superfluous
redundancy was stayed away from analysis.
The third aspect for inclusion is that the study
must concentrate on learner characteristics 1.e.
learning style. Since some articles were sepa-
rated that could be ordered as experimental
validation of AITS effectiveness, we chose
to incorporate hypothetical recommendations
of such frameworks likewise, in which it was
proposed that further research should concen-
trate on exact research findings.

2.3. Data Accumulation and
Investigation

Document analysis covering several
articles has been conducted. The information
was sorted based on frequencies and rating of
articles. The collected literature is reviewed in
the light of research questions outlined earlier
in this work. In the second phase, findings/out-
comes of the study have been discussed, under
categories, purpose, research types, methods,
participant’s types, participant’s level, sub-
ject area/field and data gathering tools, based
on learning style in adaptive tutoring system,
application of Learning style and LS classifi-
cation algorithms, adaptive intelligent tutor-
ing systems accommodating learning styles,
findings and summary of each study on AITS
based on learning style were detected. This
systematic organization of data was undertak-
en to ensure ease of investigation and drawing
meaningful conclusions.

3. RESULTS

Over 78 studies and reviews published
from 2001 to 2016, on adaptive intelligent tu-
toring systems and related aspects, have been
critically examined. Several of these publica-
tions are published in high impact journals
such as ‘Expert systems with applications’,
‘Computers in human behavior’, ‘Educational
technology and society’ and many more. Dif-
ferent criteria have been identified to group

these studies and results have been tabulated.
For a meaningful analysis and ease of repre-
sentation, a set of criteria have been taken as
one group and discussed under one heading.
Considering criteria, under a group, the total
number of studies are grouped, showing their
comparison results in tabular formats. In the
present paper, five sets of criteria are present-
ed from section 3.1 to 3.5. Each set holds a list
of criteria, which have been used to group the
studies and represent the comparison quantita-
tively as percentage.

3.1. Main focus, purpose, research
type, and methods

Considering the criteria ‘main focus’
of research, out of a total of over 78 studies
(n=78), a total of 63 studies focused on ‘adap-
tivity based on learning style’ as their purpose
of research, amounting up to 80.77%, whereas
rest 15 studies focused on other learner param-
eters, as their purpose, making up remaining
19.23%. In addition, defining the purpose of
the research, 27 of the studies (34.61 %) fo-
cused, on the proposed ITS model, based on
the adaptivity. 13 of the studies (16.66 %)
concerned with impact of learning style on the
adaptivity of the intelligent tutoring system
as their purpose. 12 of the studies (15.38 %)
were about AITS usability/preferability and
the learner satisfaction level with the learning
contents. 10 of the studies (12.82 %) have ex-
plained the impact of AITS on the academic
achievements or learning outcomes. 6 of the
studies (7.69 %) were used in model for auto-
matic learning style prediction. 8 of the studies
(10.25 %) had the purpose for determining the
effectiveness of the AITS and 2 of the studies
(2.56 %) used the ‘other parameter’, concern-
ing the adaptive tutoring system. In inspecting
the motivation behind the reviews, the reviews
concerned with assessing the learner execu-
tion were considered tentatively and hypothet-
ically. In the majority of the study that is in, 47
of the studies in total (60.25 %), learners were
used as participant and learner evaluation was
the motivation of the study. In this review both
quantitative and subjective information was
assembled from the learner. 12 of the studies,
in total (15.38 %) were empirical studies. At
last, ‘no assessment’ was given in case of 19 of
the reviews (24.35 %). Concerning the meth-
ods of the reviews, 33 of the reviews (42.31
%) used experimental method and 45 of the
studies (57.69 %) used case studies.
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Table 1. Summary of main focus, pur-
pose, research type, and method for the inves-
tigated contemplates

Frequency Percentage
_ (6] (%)
in Focus Adap.tu-'lty based on 63 80.77
(=78 learning style
Other 15 19.23
Proposed model of ITS
based on Adaptivity 2 said)
Learning Style impact on
Adaptivity 13 HieG
Determining the usability, -
learner level of satisfaction 12 1538
Purpose Impact of adaptive tutoring
(n=78) syst.em on a.cademlc_ 10 12.82
achievements/ learning
outcomes
Model for automatic
learming style prediction 6 708
Effectiveness of AITS 8 10.25
Other 2 2.56
R h Theoretical 19 2435
emf“m Empirical studies 12 1538
type @=78) 1 camer evaluation 47 60.25
Method Expenimental 33 4231
(n=78) Case studies 45 57.69

3.2. Participants type their levels,
subject area/field and data gathering
tools

With reference to the second research
question, participant’s type, their levels, sub-
ject area/field, learner modelling, modelling
tools, and data gathering tools used in the
studies published between the year 2001 and
2016 were examined. Information outline of
these discoveries is shown in Table 2.

As displayed in Table 2, considering the
63 participants in experimental review, ma-
jority of participants were learners i.e. (n=52;
82.84 %), while only (n=7; 11.11 %) were
teachers/educators and very small number
(n=4; 6.34 %) were both learners and edu-
cators. Considering the criteria ‘participants
level’, out of a total of over 73 studies, 53 of
the studies (72.60 %), were conducted at ad-
vanced education level or at engineering level.
10 of the studies (13.72 %), were conducted at
the secondary and elementary education level.
Remaining, 10 of the studies (19.69 %) were
over mixed group of participants belonging to
different levels. The studies, whose level is not
specified, are not included in this.

When the reviews were assessed regard-
ing the branch of subject area/field, out of a to-
tal of over 87 studies, there were (n=47; 54.02
%) offered in computer science/engineering
making up the highest share. (n=11; 12.64%)
were offered in Arithmetic, (n=7; 8.1%) were
offered in chemistry, (n=6; 6.89%) were of-
fered in Management science, (n=3; 3.45%)

Vol. 5, No. 2, 2017.

were offered in Administration, (n=2, 2.3%)
were offered under Social science, (n=2,
2.3%) were offered under law and some others
were offered where the learning material was
miscellaneous domains or was independent of
a particular domain.

Considering the criteria ‘tools for dy-
namic modelling’, out of a total of over 34
studies, 9 of the studies (26.67 %) were con-
ducted in tracking of learner behavior dur-
ing tutoring, 7 of the studies (20.58%) were
used in test results, 6 of the studies (17.65%)
were used for examining the learner feedback,
4 of the studies (11.76%) were used in ana-
lyzing time spent on learning material, 3 of
the studies (8.82%) were used to identify the
individual profile of learner to provide appro-
priate learning material and 5 of the studies
(15.70%) were based on mix types of model-
ling tools. These aspects listed here, such as
tracking learner behavior, test result and feed-
back, time spent on learning material, identify-
ing individual profile have all been considered
here as the ‘tools’ that have been employed for
‘dynamic modelling’ within the system.

Data gathering tools used in current
studies published from 2001 to 2016 were
analyzed. It was seen that 134 data gathering
tools were used in the current studies. Some
articles report utilization of more than one data
gathering instrument on account of more than
one reason. As presented in Table 2, consider-
ing the criteria ‘data gathering tools’, out of a
total of over 134 studies, it has been observed
that a largest share of data gathering tools used
was learning style inventory or questionnaire.
Learning style questionnaire or inventory tools
make up to (n=55; 41.04 %), learning progress
test (n=26; 19.40 %) and online questionnaire
(n=23; 17.16 %). In addition to these, system
log report (n=14; 10.45 %), through interview
form (n=7; 5.22 %), Cognitive style inventory
(n=7; 5.22) and other intelligence inventory
(n=2; 1.5 %) tools were employed in this stud-
ies.
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Table 2. Summary of participant’s type and their levels, learning modelling/tools, subject
area/field, and data gathering tools

Frequency Frequency
® %o ® %
Participants type Data gathering
(n=63) tools (n=134)
Learning style
Learner 52 82.54 imnventory 35 41.04
/questionnaire
Teacher/Educator 7 111 feitmg ORI 26 19.40
Mixed 4 634 Cmliie .. 23 17.16
questionnaire
f::r?;;pnnts il System log report 14 10.45
I—Iighem m_iux:auon-’ 53 77,60 Through interview E 597
Engineering form
Secondary Cogmtive style
education i e mnventory £ Pl
Elementary 4 55 Other mtelligence x 15
education ) inventory - )
Mixed 10 15 69
Learm.ar Subject area/field
Modeling (=87)
(n=59) '
Static 40 6179 Computer science/ 47 54.02
Engineering
Dynamic 15 32.20 Arithmetic 11 12.64
Tools for
dynamic Chemustry 7 8.1
maodelling (n=34)
Trac]-:i_ng learner 9 36.47 Management 5 6.89
behavior SCIEnCe
Test result 7 20.58 Administration 3 345
Learner feedback 6 17.65 Social Science 2 Vi
Time spent 4 11.76 Law 2 23
Learner selection DOﬂlE.IIl :
hased on profile 3 882 mdﬂpmdent-' 9 10.34
Undermined
Mixed ‘ 14.70
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3.3. Application of learning style (LS) for developing adaptive tutoring system
and learning style classification techniques

With reference to the third research

question, the use of learning style for devel-

table 3. It is also important to note that more
than one application is targeted in one paper/

oping adaptive tutoring system is shown in article.

Table 3. Summary of Application of Learning Style in adaptive tutoring system

Application of

LS Abticle References
“What is ®
adapted?”
Eetamo, H. (2003), Alkhurayi, 8., Cheetham, B. & Bamasak, O. (2011),
Vassileva, D. (2006), Baldins, 5. et al. (2008), Sun, S, Joy, M., &
Griffiths, N. (2007). Reategui, E.. Boff, E., & Campbell, . A_ (2008).,
Cabada, B_Z_, Barrén Estrada, ML & Reyes Garcia, C A (2011).,
{panins Cabada, B.Z etal (2009), Gncrma_mlkos et al. (2008), _Conlan._, 0., Dagger,
o M 27 D& Wad_lﬂ, V. (2002). , Jovanovic et al. (ECIEIISF']!= Dwavedt, P, &
S T Bharadwa), K K. (2013), Sun, S, Joy, M, & Griffiths, N. (2007)., Eelly,
D, & Tangney, B. (2005), Kladmja-Mili'cevi ‘c et al. (2011), Beal, C. R,
& Lee, H. (2005)., Ozyurt et al. (2013b), Sun et al. (2007), Del Corso, D.,
OveinE. & Morrone, G. (2005)., Tseng J.C_Chu H.-C_, Hwang, G-J_ &
Tsai,C.-C.(2008).. Yang et al. (2013), and YasirEAM.&
Sami M.S.(2011).
i‘c‘fﬁfﬁdﬂdm ,  Yasir and Sami(2011), Franzonietal (2008), Kellyand Tangney(2005),

Baldiris et al.(2008)

resource format

Alepis et. al. (2008), Mitrovic, Martin and Mayo (2002), Vassileva and

Learner

bontchev (2006), Melis and Andres (2005), Mitrovic, A, Koedinger, K.

knowledge § R, & Martin, B {(2003), Popanikolaou et al. (2003), Xu and Wang (2006),
Carmona et al. (2008),
Recommended Limongelli et al (2011), Essaid El. B, EH A _ and Adnam_ E1_ M.
ftutoring materials 8 (2011)., Reategui et al. (2008), Franzom et al. (2008), Latham et al.
/pedagogy (2014), Latham et al. (2012), , Schiaffino et al. (2008), Wang et al. (2008)
Intelligent game 2 Linetal (2013), Feldman_ I etal (2014).
Learner
evaluation and 3 Wen, D. et.al. (2007), Baldins, 8. et al. (2008), Cabada, R.Z. et. al. (2011).
practice
Sanders et al. (2010), Shute, V. J., & Towle, B. (2003). Zakrzewska, D.
Other/Mixed 6  (2012), Beal C.R._ & Lee. H. (2005), Xu, D., & Wang, H. (2006),

Aleven V., McLaren B.. Roll. B, & Koedinger, K. (2006),

As seen in Table 4, a systematic review
of the learning style classification techniques,
which have been utilized as part of adaptive
tutoring systems, is displayed. While some
articles have utilized one algorithm for detec-
tion/identification of learning style of learner,
most others have used combination of algo-
rithm to provide adaptivity based on learning
style.

Rule-based is one of the most popular
methods that has been used widely and ap-
plied by the 17 articles that help researchers to
generate learning style rules to provide system
adaptivity. Graf et al. (2009) used Felder index
of learning style questionnaire and empha-
sized that active dimension of learning style

model is best among four LS dimensions. The
second well known strategy is Bayesian net-
works methodology which is based on Bayes
theorem or Bayes hypothesis. Garcia et al.
(2007), Schiaffino et al. (2008) and Garcia et
al. (2008) use Bayesian network technique
that utilizes Bayes condition to estimate the
probability that a learner has preference for
a specific learning style when given an ac-
tivity. Over critical review 7 studies applied
this technique, while other 5 studies utilized
the Naive Bayes method, which is also the
extended form of Bayesian networks method.
5 studies used artificial neural network tech-
niques, 3 studies used decision tree method,
5 studies used Naive Bayes techniques, 2 of
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the studies used Markov and Reinforcement niques or mixed techniques for learning style
model, 1 study used Genetic algorithms, and a classification.
remainder of 7 of the studies used, other tech-

Table 4. Summary of Learning Style Classification techniques

Classification Article References
technique (f)

Scott et al. (2014), Tseng, J.C., Chu, H-C_, Hwang, G.-J_& Tsai,
C.C.(2008)., Ketamo, H. (2003), Dorga et al. (2013b), Sun, 5., Joy, M
Griffiths. N. (2007), Graf, Kinshuk. & Liu (2008). Latham et al (201

Rule- based 17 Meliz, E., & Andres, E. (2005)., Graf, KinshulN, Maguire, & Shtern (Z
Ray. R D. & Belden. N_ (2007)., Xu, D., & Wang. H_(2006)., , Graf
(2009), Sangineto et al. (2008), Romero et al. (2006), Aleven, V_, Mc
B.. Roll. B, & Koedinger, K. (20046).

B Aslag B. Getal (2014), E_Sntsicrs, 5., Georgion, D, & S_afouris, N[

e r:j:mique 7 Garcia et al (2007), Mc Quiggan, 5. et al. (2008)., Conaty, C. et al (2
Garcia et al. (2006), Carmona, C. et al. (2008).

S Cabada et al. (2011), Cabada et al. (2009), Fazlollahtabar and Mahdas

;ﬁﬁl Ksiical 5 (2009). Kelly, D., & Tangney, B. (2005), Koutsojannis and
Hatzillygeroudis (2003), Villaverde . E. et_ al. (2008).

Decision Tree 3 Cha, HJ, et al. (2006), Mc Quiggan et al. (2008), Ozpolat, E., & Aka

method (2009).

Wit By 5 Feldman et al. (2014), Kelly, D. (2008), McQuiggan et al. (2008).,
Zakrzewska (2012), Kelly, D., & Tangney, B. (2005).

i:fﬂ?;‘;m 1 Dorgaetal (2013), Balasubramanian, V., Margret Anouncia, S.(2016

Markov model 1 Cha, H. J. et al. (2006).

gf;l:‘r;;ms 1 Chang. Y. C_ et al_ (2009).
Read, T. et al. (2006), Vassileva, D_, & Bontchev, B. (2006), Hong, T

Other 7 Einshuk, D. (2004)., Reategui, E. at al. (2008). , Sanders and Bergas:

(2010), Fazlollahtabar, H., & Mahdavi, I. (2009), Koutsojanms, C_, &
Hatzilyeeroudis, L (2003).

3.4. Adaptive intelligent tutoring learning style model was the most popular

system accommodating learning style
model

With reference to the fourth research
question, 78 studies were examined. Analysis
reveals that some of studies have more than
one purpose, for example identifying learn-
ing styles, learning style classification, list-
ing learning style predictor elements and data
gathering tools. Some of the reviews used
combination of more than one learning style
model, for example both Felder and Kolb
learning style models were utilized as a part of
some studies. Therefore, these kinds of learn-
ing styles are termed as mixed learning styles.
With reference to the first research question,
‘learning styles used in adaptive intelligent
tutoring system’, the research review articles
published from 2001 to 2016 were analyzed.
Critical analysis reveals that Felder-Silverman

learning style model used in adaptive intelli-
gent tutoring system. Felder-Silverman learn-
ing style (n=30, 42.85%)), trailed by Kolb (n=4,
14%), VARK learning style (n=2), and other
are (n=3). Apart from these, limited number
of studies include Honey and Mumford (n=3),
Myers-Briggs type indicator (n=2) used in the
analyzed studies.
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Table 5. Summary of Learning Styles models utilized in AITS summarized in analyzed
studies

Learning style Frequency
models (f)

References

Adetunji, A & Ademola, A (2014), Alkhuraiji, Cheetham, and
Bamasak (2011), Alfonseca, E. et al. (2006), Baldiris, S. et al. (2008),
Alkhurayi et al. (2011), Lin, CF., Yeh, Y., Hung, Y. H., & Chang, R.L
(2013)., Essalmi et al. (2010), Feldman et al. (2014), Filippidis, 8. K.
8 Tsoukalas, I A (2009), Franzoni et al. (2008), Garcia_ P,
Schiaffino, 5., & Amandi, A (2008), Garcia, P, Amandi, A |
Schiaffino, 5., & Campo, M. (2007)., Graf, 8., Einshuk, KD & Liu,

Felder-Silverman

T-C. (2008).. Graf, Kinshuk, Maguire, & Shtern (2010), Graf. S. et al.
30 (2009), Hong, H., & Kinshuk, D_ (2004). , Limongelli, C_, Sciarrone,

modal F..Temperini M., & Vaste.G. (2011). . Huang, E. Y., Lin, S. W, &
Huang T.E. (2012)., Hwang, G-I, Sung, H-Y. Hung, C-M., &
Huang, I (2013). Kinshuk, Liu, T. C., & Graf. S. (2009).. Klaznja-
Milic'evic” , A, Vesin, B, Ivanovic” | M., & Budimac, Z. (2011),
Latham, A, Crockett, K., McLean, D., & Edmonds, B. (2012). ,
Jovanovic, Gagevi ~ ¢, and Devedz “c (2009), Kelly and Tangney
(2005), (2011), Lin et al. (2013), Sancho et al. (2005), Mahnane et al
(2013)., Sanders and Bergasa-Suso (2010),

Kolb Model 4 ﬁfkku‘_i,'mﬂm B. and Soylu, ML Y. (2008), Moura et al. (2013), Lu, H,,

: Jia, L., Gong, §. H., & Clark, B. (2007), Manochehr, N. N. (2006).

VARK model 5 Yasir and Sami (2011), Wnah et al. (2008)

Honey and 3 Anthony, P. et al. (2013), Del Corso et al. (2005), Kurilovas et al.

Mumford Model (2014)

Myers-Briggs

Types Indicators 2 Essatd E. B. et al. (2011), Kim_ J. Lee A & Ryu, H. (2013).

(MBTI)
Yang, T-C., Hwang, G-I, & Yang 8.J-H. (2013), Read, T, Barros,

Other 3 B Barcena, E | & Pancorbo, I (2006), Sun, 5, JToy, M, & Griffiths, W

(2007).

3.5. Findings and rundown of current
reviews on AITS in light of learning
styles

With reference to the last research ques-
tion, discoveries and outline of the reviews on
adaptive intelligent tutoring systems distrib-
uted from 2001 to 2016, which address the
learning style, were analyzed. Considering
the discoveries and outlines of the present re-
views, estimation of learning style and adapt-
ability in view of learning style, shows high ac-
complishment levels with all said being done.
Besides, it can be reported that there are high
positive opinions concerning learner fulfill-
ments and usability with these situations and
their impact on academic accomplishments as
well as their learning preferences and needs.
Overall finding has been classified under ten
main titles as shown in Table 6. Seven of these
indicate positive prospective towards adap-
tive tutoring system while rest indicate nega-
tive prospective. The positive findings have a
largest share (n= 95; 90.47 %) and negative
findings are (n=12; 9.52%) which is very lim-

ited or less. Data summary of the discoveries/

results is displayed in Table 6.
Table 6. Rundown of findings in the
analyzed studies

Frequency Percentage

()] (%)
Learner satisfaction, preferences, 30 2857
usability, and adaptivity based on
learning style
Correct prediction learning style 13 12.38
o Relationship between learning 8 762
Posttive: style and  other  learner
PEiSp,ecm-cs characteristics or navigation
(0=95) Positive effect on learner learning 18 17.14
Positive effect on learning 15 14.29
achievements
Positive  effect of learner 11 10.48
modelling
No correct prediction of learning 3 476
Negative styla = —
perspectives Not making constructive 3 2.86
(n=10) outcome on  academic and
learners achievements
No effect on learner modeling 2 1.50
4. DISCUSSION AND
OUTCOMES

This study concentrates on the learn-
ing style based AITS, which is an innovative
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field of computerized learning at present days.
This study is significant, because it puts for-
ward crucial findings regarding the develop-
ment of multiple areas, such as, adaptive in-
telligent tutoring systems, types of courses,
types of participants, various applications of
the field, classifying algorithms and current
research trends in the field through literature
gaps which opens the door for future stud-
ies. This study incorporates different research
perspectives, model designs and findings that
may be utilized blindly for the development
of the learning style based educational system.
However, we welcome all the distinct view-
point, ideas, and personal perspective based
on experience in the educational research.

This study does not contribute only in
evaluations, but also helps to propose models,
designs and frameworks. In addition, this cov-
ers the learners and teacher’s views in light
of the learning style focused on adaptivity for
AITS (Klasnja-Milicevic et. al., 2011). Some
students or researchers look for different
methods and techniques to improve the per-
formance of the e-learning environment, this
in turn makes the system easy and efficient.
In this way, AITS is developed to support
the current educational system and needs the
teacher to review for the correct assessment of
learner. Getting their views would increase the
effectiveness of the intelligent tutoring sys-
tem, which will make education productive
and will also have a great importance in the
future studies of this field.

The finding in Section 3.1 reveals that,
considering the empirical and theoretical
study, the learning style contributes to a vital
role for adaptivity in ITS. AITS that accom-
modates learning styles has a strong impact
on academic achievements and learning out-
comes. As shown in section 3.2, the learning
style questionnaire/survey is mostly used for
the identification of the learning style. This ap-
proach is suitable for the traditional teaching
where it is difficult to analyses the learner’s
preference. In this sense, this type of survey
suffers from disadvantages like, it depends
only on the learner’s decisions or it may be
biased. While many studies reveal that learn-
ing styles can change over time and fixing this
makes classification incorrect and inaccurate
(Vermount, 1998). This section reveals that
the highest participants were learners, and be-
longed to higher education. Section 3.3 reveals
that learning style is mostly utilized to: pro-
vide adaptive learning materials to the learner,
recommend the best suited pedagogy and to
provide correct evaluation of the learner to im-

prove the effectiveness of the tutoring system.

The contribution of this research find-
ing is not only to be a guide for the adaptive
intelligent tutoring system developer, but also
serves to improve the effectiveness of the
learning style classification algorithms. The
finding in Section 3.4 reveals that the auto-
matic learning style prediction algorithms are
Rule-Based, Bayesian, Artificial Neural Net-
works, Decision Tree, Naive, Reinforcement
Learning and Markov Model in which Rule-
Based was one of the most popular technique
for learning style classification.

The above findings also reveal that a
lot of studies of ITS based on learning style
were published in high impact national and
international journals, in-fact some of them
were related to proposing new models. Most
of the studies focused on the impact of learn-
ing styles on education, productivity of learn-
ing system, learning gain, their usability, and
higher learner satisfaction. The findings in
Section 3.5 reveals that, accommodating learn-
ing styles in the intelligent tutoring system
makes learning easier, effective and increases
learner satisfaction levels towards learning.
The positive perspective for accommodating
this analyzed study based on the learning style
in AITS holds the largest share of about 90%,
and holds a very limited negative perspective
1.e. about 10%.

5. CONCLUSION AND FUTURE
DIRECTIONS

As many as 78 studies on adaptive in-
telligent tutoring systems between the period
2001 to 2016 have been critically examined,
classified and compared uncovering develop-
ments, trends, research gaps and future pro-
spective. It has been concluded that many of
the researchers have used Felder-Silverman
learning style models and successfully inte-
grated them in educational/tutoring systems
for adaptivity. It has been observed that ‘learn-
ing style’ characteristic of learner has been
widely explored to make the systems increas-
ingly adaptive.

Analysis of reviews reveals that learn-
ing style highly impact on academic accom-
plishments, learning performance, and learner
satisfaction level. This analysis also reveals
the selection and evaluation criteria’s of the
learning style classification algorithms. Rule-
Based and Bayesian Network algorithms were
increasingly used for automatic prediction of
learning style of learner.
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Through the findings and discussion of
the studies recommendation and future scope
have been put forward. Firstly, there is a
chance to investigate a fusion of learning style
models in adaptive education systems/ tutor-
ing systems. So it is recommended to explore
mixed learning style models for implemen-
tation of adaptability in educational system.
Though Felder learning style model has been
widely used, it would be interesting to note
how other contemporary models such as Kolb,
Honey & Mumford model have been used and
contributed to adaptivity, based on their spe-
cific strengths and weaknesses. Additionally,
there is an opportunity to apply algorithms for
detection of mixed learning styles for improv-
ing the adaptivity in tutoring systems. Finally,
as a learner attribute, learning style is suffi-
ciently explored, other learner attributes too
deserve to be explored and analyzed.
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