View metadata, citation and similar papers at core.ac.uk

@ASTES

Special Issue on Multidisciplinary Sciences and Engineering

Advances in Science, Technology and Engineering Systems Journal Vol. 3, No. 3, 108-115 (2018)

Wwww.astesj.com

brought to you by .{ CORE

provided by Nottingham Trent Institutional Repository (IRep)

ASTESJ
ISSN: 2415-6698

Learning Personalization Based on Learning Style instruments

Alzain Alzain™!, Steve Clark?, Gren Ireson?, Ali Jwaid?

1School of Science and Technology, Nottingham Trent University, Clifton Campus NG11 8NS, Nottingham, United Kingdom

2School of Physics & Astronomy, University of Nottingham, University Park NG7 2RD, Nottingham, United Kingdom

ARTICLE INFO ABSTRACT

Article history:
Received: 11 April, 2018
Accepted: 29 May, 2018
Online: 07 June, 2018

Keywords :

Learning Style

Learning Style Instruments
Adaptive Education Systems

Adaptive education systems (AES) are considered one of the most interesting research
topics in technology-based learning strategies. Since students have different abilities,
needs and learning styles, we should fit the curriculum and teaching activities to these
different learning styles. This study investigates the impact of using LAES (Libyan
Adaptive Education System) on the performance of students. An ALSI (Arabic Learning
Style Instrument) was integrated into the LAES system to investigate learning preferences
of students. The student models are constructed according to the results obtained using
this instrument (ALSI). Three experimental studies were then conducted to investigate the
impact of the LAES system on the performance of students. The results reveal the students

who have learnt using the LAES system were more successful than others who learnt
without, in terms of the knowledge gained.

1. Introduction

This paper is an extension of work originally presented in the
2nd International Conference on Knowledge Engineering and
Applications ICKEA 2017 [1]. Research on education has indicated
that students have different learning preferences, abilities and
needs, and learn in different ways. For example, learners with
visual learning preference tend to obtain more knowledge from
instructional materials that depend on visual forms of information,
whereas the content will be more beneficial for the students with
verbal preferences if these materials are represented using text and
audio. Moreover, some learners tend to learn more through
‘doing’, whereas the others prefer to think and reflect. These
learning preferences are often called learning styles [2].

Although it is argued that matching of teaching styles with the
preferred learning styles of students will be quite useful to improve
learning outcomes [2-5], it is quite clear that many researchers also
believe that learners should know more details about their learning
styles because this will help them to be more engaged, motivated
and attracted in educational sessions [4, 6-8]. This study
investigates empirically the effect of using adaptive education
systems on the performance of student learning.
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This article is organised as follows: the next section discusses
the related work, where the Alzain model and ALSI instrument
were selected to be integrated into the proposed system in order to
profile learners; the structure of the proposed adaptive system is
discussed in section 3; section 4 describes the methodology of the
experiments as well as the research hypothesis; the results of our
research are presented in section 5 and the conclusions are
discussed in the last section.

2. Related Work
2.1. Adaptive Education Systems

Although learners have different learning preferences, goals,
experiences and knowledge, the traditional education systems
provide the same instructional materials for all students [9].
Therefore, in considering the individual differences between
students, adaptive systems have been harnessed in the education
field. The educational generation of adaptive systems is called
Adaptive Learning Environment (ALE) or Adaptive Educational
Hypermedia System (AEHS). These systems have been defined as
“technological component of joint human—machine systems that
can change their behavior to meet the changing needs of their
users, often without explicit instructions from their users” [10].
This generation of educational systems can provide learners with
instructional materials that are adapted especially to their learning
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styles, goals, experiences or the previous knowledge of the subject
[9, 11, 12]. In order to know how learners prefer to learn, learning
style instruments have been developed and extensively used in
adaptive education systems [13]; this situation lead us to discuss
the next topic, which is learning style instruments.

2.2. Learning Style Instruments

The concept of learning styles has been harnessed in most
AEHS for the purpose of building up a knowledge about students
and how they prefer to learn [7, 14-16]. This knowledge is usually
collected throughout psychometric questionnaires called learning
style instruments, and then stored in student models with the
purpose of achieving the adaptation process [12]. In the past
decades, a number of learning style instruments were developed to
assist learners to measure their preferred learning style and to help
teachers to realize the characteristics of students [13]. Many issues
concerning the integration of learning style instruments into
adaptive education systems have attracted the attentions of
researchers from the fields of education and computer science. The
following subsection explains the learning style model and
instrument that is harnessed in this study.

2.3. ALSI Instrument

The Arabic Learning Style Instrument (ALSI), was developed
based on the Alzain learning style model [17] to assess student
preferences on (visual, verbal, passive and active) learning styles.

See figure 1.
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Figure 1. Alzain Learning Style Model

Based on the Alzain Learning Style Model, there are four types
of combination of leaning styles. See Table 1.

Table 1. Combination of learning styles

Combination of learning styles
1 Visual / Active
2 Visual / Passive
3 Verbal / Active
4 Verbal / Passive

These different types of combinations are considered by the use
of the following elements, and the rules of each type are described
below:

e Visual: get more from visual forms of information
o More figures, graphs, charts and pictures;

o Highlighting and colouring the
concepts;

important

o Multimedia and animated demonstrations.
e Active: doing very well in groups
o Providing discussion areas;
o More exercises;
o Fewer examples.
e Verbal: get more from verbal forms of information
o Heavy textual content;
o Audio records and files.
e Passive: thinking before doing
o Less detailed content (summarised);
o Giving time to think periodically;
o More examples;
o Fewer exercises.

The ALSI instrument consists of sixteen items, each of which
has four choices, which correspond to the four learning styles.
Respondents need to choose the answer(s) that best fits their
preference(s) by determining the priority levels from least
important (0) to most important (3), for the respective choices. The
respondents are also allowed to give the same priority level for
different choices at the same time.

3. LAES System

The adaptive system that employed in this study called LAES
(Libyan Adaptive Education System), it is a Web-based education
system. The LAES tackles the problems arising from individual
differences by presenting the most suitable educational materials
and activities for students. Figure 2 shows the LAES architecture,
which includes four main domains:

e Content Model;
e Student Model;
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e Teaching Strategies Model;

e Pedagogical Model: this model involves three components:
o Preferences Detection Component;
o Adaptation Component;

o Revision Component.
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Figure 2. LAES system architecture.
3.1. Content Model

A content model includes the educational content. Typically,
each course can be depicted as a tree, which consists of a set of
weeks, and each week involves a number of lectures that involve a
set of educational units called chunks (see Figure 3). Each unit
starts with outlines and then presents the content and concludes
with the summary.

(W) Week

[L) Lecture

{C) Chunk

Figure 3. Content model _ LAES system

The educational materials employed in this research were
designed based on the ideas of two well-known educational
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theories, namely Elaboration Theory and Component Display
Theory (CDT) [18].

3.2. Student Model

A student model keeps the student details and their learning
preferences. Accordingly, based on these details, the instructional
materials and teaching strategies can be adapted to fit the learning
style of the students. The student model represents a student
profile, which stores all user-relevant details. These details can be
divided into two main parts. While the first part summarises the
learning style of students, as detected by the ALSI instrument, the
second part holds the personal details of students including student
name, age, email, etc. Figure 4 shows the structure of this model.

Entry 'GJ
" e
Mo p—— —— Interacting
< Studen >
oy N
Passiv
— /P
Personzlity
Level

Figure 4. Student model _ LAES system
3.3. Teaching Strategies Model
This model contains a description of different teaching
strategies that can be used to teach the different types of learners.
Typically, each teaching strategy involves a set of activities. In this

sense, the teaching strategy model can be presented as a tree (see
Figure 5).

(TSM) Teeching Strategy

Description Fit for

Description Fit for

Figure 5. Teaching strategies model _ LAES system

3.4. Pedagogical Model

The pedagogical model aims to provide each individual student
with the most suitable content and teaching activities. To this end,
if the student is a new user, the system will direct them to fill out
the learning style instrument (ALSI) to detect the student learning
style, which will be stored in a student model. The learning session
starts when the student is logged in. Accordingly, the LAES
system recommends the most suitable content and teaching
activities based on the preferred learning style of the student who
is logged in.
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To determine the preferred learning style of students, the
procedure is as follows:

e The ALSI instrument consists of 16 questions;
e Each question has 4 choices;

e Participants need to give a priority level from 0 (least
important) to 3 (most important) for each choice;

e Each choice corresponds to one preference;

o The highest score possible is 48 for each preference;
e Visual Preferences (VP) = ¥.5%, V;

e Verbal Preferences (EP) = ¥4, E;

e Active Preferences (AP) = X302, 4;

e Passive Preferences (PP) = Y.0%, R ;

o Preferred Style of Receiving new information (PSR) = VP
- EP;

o IfPSR > 0 then student has a Visual preference;
o IfPSR <0 then student has a Verbal preference;
o If PSR =0 then student has equal preferences;

o Preferred Style of Interacting new information (PSI)= AP-
PP;

o If PSI > 0 then student has an Active preference;
o If PSI <0 then student has a Passive preference;
o If PSI =0 then student has equal preferences.

4. Experiment Design

The LAES system can adapt the content based on the preferred
learning style of students. In order to evaluate the impact of using
the LAES system on student performance, an experimental
evaluation approach was used. This approach is recommended by
several researchers in this field [19].

According to Alshammari [8], conducting only one experiment
will not be sufficient to evaluate the adaptive system, because the
number of participants and time of learning will be limited.
Therefore, three different experiments were conducted, each with
a different module, subject and participants. Each experiment was
carried out in three sessions, and each session lasted for about 120
minutes.

In each experiment, the participants were first taught without
using the LAES system, and they were asked to complete a pre-
test and a post-test to know the learning outcomes. The learning
outcomes were also tested in the next experimental session, in
which the participants were taught using the LAES system, and the
learning outcomes of two experimental sessions were compared.

4.1. Research Hypothesis

The key issue that was considered in the following three
experiments was the learning outcomes, and to investigate if
students who learnt using the LAES system were better off than
others who learnt without the system, in terms of the knowledge
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gained. In the following three experiments, the following
hypotheses were investigated using a paired t-test and Pearson
Correlation test:

e Hj: there will be no significant difference in terms of the
knowledge gained between students who learnt using the
LAES system and students who learnt without it.

e Hy: there will be no significant correlation between the
dimensions on learning styles.

e Hjs: there will be no significant correlation between learning
styles and years of computer use.

Moreover, the effect size was also tested in each experiment.
The effect size is a statistical technique used with quantitative data
for exploring the difference between two groups. According to
Cohen [20], the effect size (Cohen’s d) can lie between 0 tol, (and
some, formulae yield an effect size that is larger than 1):

e From 0O to 0.20 = weak effect;

e From 0.21 to 0.50 = modest effect;

e From 0.51 to 1.00 = moderate effect;
e >1.00 = strong effect.

5. Results
5.1. Experiment |

This experiment was conducted by the researcher with a
number of undergraduate students (n = 10) studying for a (Formal
Languages and Automata Theory) module.

In the experiment, the mean age of participants was 21, the
minimum age was 20 and the maximum age was 23. The
participants were found to be more visual and active than verbal
and passive, and the majority of the participants had moderate
learning preferences. Figure 6 shows the number of participants in
each sub-category.

9 8
8
7 6 6
6 55
5 4 4
4
3 2
2
1 0 0 0 0
0
Active Verbal Passive Visual
Mild (1-16) Moderate (17-32) Pure (33-48)

Figure 6. Participants distribution based on their learning styles _ experiment I.

In this experiment, the learning outcomes were measured.
Generally, the mean participant scores when they learnt using the
adaptive system (Mean = 9.60) is higher than the mean participant
scores when they learnt without it (Mean = 5.30).
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A dependent sample t-test was also conducted, and the results
of a paired t-test showed that there was a statistically significant
difference between the mean scores of the participants when they
learnt using the LAES system and the mean participant scores
when they learnt without it. t (10) = -2.294, p = 0.047. Therefore,
it can be inferred that the students who learnt using this system
were better off than others who learnt without it in terms of the
knowledge gained. In this experiment, the effect size was also
measured for each individual scale using Cohen’s d test. The
results revealed that the highest effect size (d = 1.31) was in visual
style followed by the active style (d = 0.89).

Regarding the second hypothesis, which are concerned with
the correlation between dimensions of learning style, the results of
Pearson Correlation test showed that there was a positive
significant correlation between visual and active style, r (10) =
0.71, p = 0.02. See table 2.

Table 2. Results of Pearson correlation test _ experiment |

Correlations
Q=<
o
El 8| B| §le38
s| Bl 5| B|®ES
Pearson *
> Correlation 1 0.08 | 052 | .71 0.12
(=}
< Sig. (2-
@ tailed) 0.82 | 0.12 | 0.02 0.72
N 10 10 10 10 10
Pearson
< Correlation 0.08 1 -0.21 | -0.23 0.44
@
S | Ssig. (2-
2 tailed) 0.82 0.54 | 0.52 0.19
N 10 10 10 10 10
Pearson -
3 Correlation 0.52 021 1 0.35 -0.24
(923
w
< Sig. (2-
> tailed) 0.12 | 0.54 0.31 0.50
N 10 10 10 10 10
Pearson * -
< Correlation 71 0.23 0.35 1 -0.37
=
S Sig. (2-
= tailed) 0.02 | 052 | 0.31 0.28
N 10 10 10 10 10
0O Pearson
§_< Correlation 0.12 | 0.44 | -0.24 | -0.37 1
=R
g2 | Ssig (-
gc_)h tailed) 0.72 | 0.19 | 050 | 0.28
® N 10 10 10 10 10
*, Correlation is significant at the 0.05 level (2-tailed).
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5.1. Experiment |1

This experiment was conducted with a number of
undergraduate students (n = 16) studying for a (Computer Basics)
module.

In the experiment, the mean participant age was 20, the maximum
age was 23 and the minimum was 18. The participants were found
to be more active and visual than passive and verbal, and the
majority of the participants had pure or moderate learning
preferences. Figure 7 shows the number of participants in each
sub-category.

12 11
10

10 9
8 7

Active Verbal Passive Visual

Mild (1-16) Moderate (17-32) Pure (33-48)

Figure 7. Participants distribution based on their learning styles _ experiment Il.

In this experiment, the mean participant score when they learnt
without using the LAES system (Mean = 9.94) was less than the
mean participant scores when they learnt using it (Mean = 16.13).
In order to investigate if there is any significant difference between
the two, a dependent sample t-test was conducted. The findings
showed that there was a statistically significant difference between
the mean scores of the participants when they learnt using the
LAES system and the mean participant scores when they learnt
without it. t (16) = -2.289, p = 0.037. Therefore, it can be inferred
that the students who learnt using this system were better off than
others who learnt without it in terms of the knowledge gained.

The effect size was also measured for each individual scale.
The results of this test revealed that the highest effect size (d =
0.77) was in the visual style followed by the verbal style (d = 0.32).

Regarding the second hypothesis, which is concerned with the
correlation between dimensions of learning style, the results of
Pearson Correlation test showed that there was a statistically
positive significant correlation between passive and active style, r
(16) =0.79, p = 0.00, there was also positive significant correlation
between passive and verbal style, r (16) = 0.76, p = 0.00. See table
3.

The results also showed that there was no significant
correlation between the years of computer use and different
learning styles (Table 3).

5.1. Experiment Il1

This experiment was conducted with a number of
undergraduate students (n = 14) studying for a (Programming
Languages) module.
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Table 3. Results of Pearson correlation test _ experiment 11

Correlations
9 <
o
2l | 8] 5 g§§
= _— c w
s g_’ S s [P % _oh
Pearson sk
> Correlation 1 0.467 | .79 0.44 0.12
Q
< Sig. (2-
) tailed) 0.06 | 0.00 | 0.08 0.64
N 16 16 16 16 16
Pearson sk
< Correlation 0.46 1 .76 -0.11 | 0.2
)
=3 Sig. (2-
= tailed) 0.06 0.00 | 0.67 0.65
N 16 16 16 16 16
Pearson sk sk
- | Correlation .79 .76 1 0.17 0.13
2
< Sig. (2-
> tailed) 0.00 | 0.00 0.52 0.61
N 16 16 16 16 16
Pearson
< Correlation 0.44 | -0.11 | 0.17 1 0.12
z Sig. (2
o 19. (£-
= tailed) 0.08 | 0.67 | 0.52 0.64
N 16 16 16 16 16
(@) Pearson
§_< Correlation 0.12 | 0.12 | 0.13 | 0.12 1
c8
<2 | Sig (2
C_Q tailed) 0.64 | 0.65 | 0.61 | 0.64
w
® N 16 16 16 16 16
**_Correlation is significant at the 0.01 level (2-tailed).

In the experiment, the mean age was 21, the minimum age was
19 and the maximum age was 34. The participants were found to
be more active and visual than passive and verbal, and the majority
of the participants had pure or moderate learning preferences.
Figure 8 shows the number of participants in each sub-category.

The learning outcomes were measured. Generally, the mean
participant score when they learnt using the LAES system (Mean
= 22.14) was higher than the mean participant scores when they
learnt without using this system (Mean = 14.29).

A dependent sample t-test was also conducted, and the results
of this test showed that there was a statistically significant
difference between the mean score of the participant when they
learnt using the LAES system and the mean participant scores
when they learnt without it. t (14) = -1.724, p = 0.048. Therefore,
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it can be inferred that the students who learnt using this system
were better off than others who learnt without it in terms of the
knowledge gained.

14 13
12
10
10
8
8 7 7
6 5
4
4
2 1 1
0 0 0
0
Active Verbal Passive Visual
Mild (1-16) Moderate (17-32) Pure (33-48)

Figure 8. Participants distribution based on their learning styles _ experiment I11.

The effect size was also measured for each individual scale,
and the results of Cohen’s d test revealed that the highest effect
size (d = 0.56) was in active scale followed by the visual scale
(d=0.55).

Table 4 shows the results Pearson Correlation test, which is
concerned with the correlation between dimensions of learning
style, the results showed that there was a statistically positive
significant correlation between visual and active style, r (10) =
0.61, p = 0.02, there was also positive significant correlation
between visual style and years of computer use, r (10) = 0.58, p =
0.02.

Conclusion

This study investigated empirically the implications of using
the LAES system, and the impact of that on the performance of
students. It also investigated the effect size of each individual scale
to identify the most affected students.

To increase the efficiency of results, three experiments were
conducted. The experiments were carried out with different
modules, teachers and students.

Generally, the findings indicate that using LAES system to
teach students (in a matched way), based on their preferred
learning style, has a positive influence on the performance of the
students. The results also revealed that the visual and active
students were the greatest beneficiaries from the adaptation
process. A possible explanation for this result is that the existing
curricula and teaching approaches are more suitable for students
who are more verbal and passive than visual and active.

Regarding the first hypothesis, which is concerned with the
differences in terms of the knowledge gained between students
who learnt using the LAES system and students who learnt without
it. In the first experiment, the results showed that the mean student
scores increased from (Mean = 5.30) to (Mean = 9.60) when they
learn using the LAES system. Moreover, the results of a paired t-
test revealed that there was a statistically significant difference
between the mean scores of the participants when they learnt using
this system and the mean participant scores when they learnt
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Table 4. Results of Pearson correlation test _ experiment 111

Correlations
0 <
| | §| 5538
- «, Pt 72] w
s 5 S s P % Q
Pearson *
> Correlation 1 -0.05 | 0.12 | .61 0.38
=}
< Sig. (2-
@ tailed) 0.86 | 0.67 | 0.02 | 0.18
N 14 14 14 14 14
Pearson
< Correlation -0.05 1 0.33 | -0.25 | 0.03
@
S Sig. (2-
= tailed) 0.86 0.24 | 0.37 | 0.90
N 14 14 14 14 14
Pearson
< | correlation 0.12 | 0.33 1 -0.02 | 0.09
&
< Sig. (2-
> tailed) 0.67 | 0.24 0.93 | 0.74
N 14 14 14 14 14
Pearson * *
Correlation .61 -0.25 | -0.02 1 .58
<
e | sig
S (2-
= tailed) 0.02 | 0.37 | 0.93 0.02
N 14 14 14 14 14
@) Pearson *
§_< Correlation 0.38 | 0.035 | 0.09 | .58 1
T8
g2 | Sig. (-
- Q tailed) 0.18 | 0.90 | 0.74 | 0.02
[%2}
® N 14 14 14 | 14 14
*, Correlation is significant at the 0.05 level (2-tailed).

without it (t (10) = 2.294, p = 0.047). That was also enhanced by
the results of the second experiment, which revealed that the mean
student scores increased from (Mean = 9.94) to (Mean = 16.13)
when they learn using the LAES system. Moreover, the results of
a paired t-test revealed that there was a statistically significant
difference between the mean scores of the participants when they
learnt using the LAES and the mean participant scores when they
learnt without it (t (16) = 2.289, p = 0.037).

More encouraging results emerged from the third experiment
where the findings showed that the mean student scores increased
from (Mean = 14.29) to (Mean = 22.14) when they learn using the
LAES system. Moreover, the results of a paired t-test revealed that
there was a statistically significant difference between the mean
scores of the participants when they learnt using the system and
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the mean participant scores when they learnt without it
(t(14) =-1.724, p = 0.048).

In general, the results revealed that the students had
significantly higher learning outcomes when they used the LAES
system to learn in a matched way. In addition, the (Cohen’s d)
effect size was medium (from 0.51 to 1.00) [20].

These results reject the first hypothesis (H:), and prove that
students who learnt using the ALSI system had significantly higher
learning outcomes.

With reference to the second hypothesis, which is concerned
with the correlation between dimensions of learning styles, the
results were varied. While the first experiment revealed that there
was a statistically positive significant correlation between visual
and active styles, r (10) = 0.71, p = 0.02, the second experiment
revealed that there was also a statistically positive significant
correlation between passive and verbal styles, r (16) = 0.76, p =
0.00. Importantly, the results revealed that there was a statistically
positive significant correlation between passive and active styles,
r (16) = 0.79, p = 0.00. These results confirm that the dimensions
of learning styles must not be treated as dichotomies (either/or
options).

The results were also varied in terms of the third hypothesis,
which is concerned with the correlation between the years of
computer use and dimensions of learning styles. While the first two
experiments revealed that there was no significant correlation
between years of computer use and different learning styles, the
third experiment revealed that there was a positive significant
correlation between years of computer use and a visual learning
style, r (14) =0.58, p = 0.02.
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