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Abstract

Several studies and experiments have been conducted in recent years to examine the value and
the advantage of using the Gesture-Based Learning System (GBLS).The investigation of the in-
fluence of the GBLS mode on the learning outcomes is still scarce. Most previous studies did not
address more than one category of learning outcomes (cognitive, affective outcomes, etc.) at the
same time when used to understand the impact of GBLS. Moreover, none of these studies consid-
ered the difference in students’ characteristics such as learning styles and spatial abilities. There-
fore, a comprehensive empirical research on the impact of the GBLS mode on learning outcomes
is needed. The purpose of this paper is to fill in the gap and to investigate the effectiveness of the
GBLS mode on learning using Technology Mediated Learning (TML) models. This study re-
vealed that the GBLS mode has greater positive impact on students’ learning outcomes (cognitive
and affective outcomes) when compared with other two learning modes that are classified as
Computer Simulation Software Learning (CSSL) mode and conventional learning mode. In
addition, this study also found that the GBLS mode is capable of serving all students with differ-
ent learning styles and spatial ability levels. The results of this study revealed that the GBLS
mode outperformed the existing learning methods by providing a unique learning experience that
considers the differences between students. The results have also shown that the Kinect user in-
terface can create an interactive and an enjoyable learning experience.

Keywords: Gesture Based Learning System (GBLS), Computer Simulated Software Learning
(CSSL) mode, Kinect sensor, Perceptual User Interface (PUI), learning technology, Technology
Mediated Learning (TML), Learning Outcomes.

Introduction

For many years, ICT has been used as a supporting tool in the education field. In the modern
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Sutherland (2005), ICT technology should be evaluated carefully before making a decision of
adopting it in the education field. They emphasised that the ICT evaluation should include testing
the technology in relation to the pedagogy within the subject area. In addition, the technology
should also be evaluated in respect to the teaching method in the culture of the topic domain.

Several studies have shown that the Gesture-Based Learning System (GBLS) mode has a positive
effect on students’ performance and created an enjoyable and interactive learning environment
(Di Tore, 2012; Sheu & Chen, 2014). According to Sheu, Fang, and Chen (2013), the GBLS’s
research field is still at its infancy stage; more studies are needed in order to determine the poten-
tial of the GBLS mode. A comprehensive scientific study that investigates the effectiveness of the
GBLS mode can help to draw the lines of the efficacy and the future use of the GBLS mode. The
aim of this study is to investigate the impact of the GBLS mode on the learning outcomes, as well
as investigating whether the GBLS mode is able to accommodate all learners with different learn-
ing styles and spatial abilities. Such a study can provide scientific results that can be used to judge
the potential of the GBLS mode in the education sector. This study addressed the following re-
search questions:

e Does the GBLS mode positively influence the students’ learning outcomes?
e Will the GBLS mode be able to accommodate all students with different learning styles
and spatial abilities?

Literature Review

This section provides the basic knowledge of different related discipline areas such as learning
interfaces’ technologies, Technology Mediated Learning (TML), and learning theories. This sec-
tion is divided into four sub-sections as follows. Firstly, the Perceptual User Interface (PUI) will
be described. Secondly, a brief description of the technical aspects of the Kinect sensor that is the
user interface used. Thirdly, the main topic of the GBLS mode will be described, and the benefits
and the potential of the GBLS mode will be highlighted. Finally, the explanation of the theoreti-
cal background of the topic and the reviewing of the previous work will be presented. Systematic
literature review method was used to perform the literature review.

Perceptual User Interface (PUI)

In the last decade, Human-Computer Interface (HCI) specialists started to discuss the post-WIMP
metaphor (Turk, 2001). WIMP is referring to Windows, Icons, Menus, and Pointing devices such
as mouse and keyboard. The post-WIMP metaphor is Perceptual User Interface (PUI). Examples
of the PUI include multimodal interfaces, Virtual Reality, Tangible interface, and Augmented
Reality. The idea behind PUI is to utilise the available advanced technologies such as gesture and
voice recognition in order to create an intelligent user interface that is capable of understanding
the human’s natural actions (Oviatt & Wahlster, 1997; Turk, 2001). According to Turk (2001),
the idea of the PUI is to build an interface that translates user semantics to the application seman-
tics using input modes and translates the application semantics to the users semantics using output
modes. In other words, PUI aims to add human-perceptual capabilities to the computers in order
to recognise the human motions and voices (Turk & Robertson, 2000). Recently, the Kinect sen-
sor gives a good example of the PUI technologies. As the Kinect sensor is the main focus of this
research, it is important to give a brief description of the technical features of the Kinect.

Kinect Sensor

The Kinect sensor was released in November 2010 by Microsoft as a part of Xbox 360 game
console that exemplifies the first controller-free video game console, it was advertised with the
slogan “you are the controller” (Lang, Block-Berlitz, & Rojas, 2011). Microsoft Xbox 360 be-
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came popular in a short period of time, for example, in the first ten days after its release more
than 1 million units were sold. Another study reported that, just after 60 days of its release, more
than 8 million units of Microsoft Xbox 360 were sold (O’Donovan et al., 2012). The Kinect sen-
sor can be technically described as an RGB camera along with a microphone array and depth sen-
sor using an infrared projector (see Figure 1). The Kinect is able to recognise a player’s body
movements and voice.

KINECT

Figure 1: Kinect design (Zhang, 2012)

Shortly after the Kinect’s release, a company called Adafruit Industries offered USD 1000 for
anybody who could release a complete open-source driver for the Kinect sensor (Villaroman,
Rowe, & Swan, 2011). Not long after that, a hacker successfully developed the first open source
Kinect driver called Libfreenect that enable the Kinect to run on Linux. Microsoft responded to
this hacking by announcing that the hacker will not be sued for that. In December 2010,
PrimeSense released another open-source driver for the Kinect called OpenNI (Hsu, 2011b).In
June 2011, Microsoft launched an official non-commercial driver for the Kinect for Windows OS;
Microsoft released two versions of Software Developing Kit (SDK), one for personal use and the
other one for developers. All the above Kinect drivers used a skeletal tracking model. Those
drivers enabled the Kinect sensor to be attached to any PC. Having such a popular device
working on the computer has grabbed the attention of learning technologies’ researchers and they
started looking for the potential of using the Kinect in the education field (Hsu, 2011b; Kam,
Konrad, & Ishwar, 2012; Lang et al., 2011). The scope of using the Kinect in education is
described in detail in the following section.

Gesture-Based Learning System (GBLS)

Using the Kinect in learning has been introduced under different terms such as Kinect in educa-
tion, natural user interface, gestural interfaces in learning, and Kinect-facilitated learning (Chao,
Huang, Fang, & Chen, 2013; Evans, 2012; Hsu, 2011b). However, in this paper the authors sug-
gested to use a more generic term such as the GBLS mode to represent the use of the Kinect sen-
sor along with a Kinect-based learning application as a teaching and learning tool. The GBLS
mode employs the natural user interfaces of the Kinect to create an enjoyable and an interactive
learning environment in any formal classrooms (Hsu, 2011a, 2011b; Johnson et al., 2012).

Horizon’s reports in 2011 and 2012 listed gesture-based systems as one the emerging technolo-
gies that have a great potential to be adopted in the education field within 4 to 5 years (Johnson et
al., 2011, 2012). Consequently, the researchers and education specialists were encouraged to take
a closer step towards gesture-based systems and to investigate their potential in the education
field. Gesture-based systems have also achieved a novel success in gaming and entertainment
sectors, which subsequently drew the attention of the researchers in the educational fields (Sheu
& Chen, 2014). In recent years, a number of empirical studies have been conducted to develop
and test GBLS. GBLS has been used in different educational disciplines including physics, math-
ematics, music and arts, science, social development, and physical therapy (Sheu & Chen, 2014).
In addition, some research studied the effect of GBLS on specific learning aspects such memory
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and physical rehabilitation (Chao et al., 2013; Shih-Ching et al., 2012). On the software
development side, some projects have been launched to develop GBLS such as KinectEDucation
(http://www.kinecteducation.com). KinectEDucation is a non-commercial platform for all GBLS
stakeholders including teachers, students, enthusiasts, and software developers (Kandroudi &
Bratitsis, 2012). According to Hsu (2011b), GBLS has a great potential to be the focal learning
technology in the classrooms in the near future. In order to understand the advantages of GBLS, it
is essential to describe the benefits of GBLS using learning theories. Therefore, the following
section was written to link the technological aspects of the GBLS mode to some relevant educa-
tional theories.

Theoretical Background and Related Work

The GBLS mode has started to gain much attention to be one of the promising learning
technologies (Johnson et al., 2011, 2012). GBLS can bring several advantages to the classroom as
they provide a unique natural interaction method with the teaching material (Evans, 2012). As a
result of reviewing the literature on gesture-based systems, it has been found that the Kinect has
several features that make it suitable to be used in the education field (Hsu, 2011a, 2011Db).
However, this section will highlight the GBLS mode’s traits and link them to some learning theo-
ries. First, the GBLS mode can operate as a stimulating tool for learners that could help to boost
their motivation as the GBLS utilises a unique and natural interaction method. Second, the GBLS
is a multimodal system and able to facilitate kinaesthetic interactions and coordinate them with
auditory and visual information. The coordination of those three different inputs-modalities
makes the GBLS mode an excellent learning mode that supports students with various learning
styles, especially Kinaesthetic learners (Hsu, 2011a, 2011b). In order to illustrate this, learning
style theories argue that students learn through different learning modalities. “Learning
modalities are the sensory channels or pathways through which individuals give, receive, and
store information. Perception, memory, and sensation comprise the concept of modality” (Gage,
1995). Mainly, there are three learning modalities: auditory, visual, and kinaesthetic. Kinaesthetic
learners represent 15% of the total population of students (Gage, 1995; Hsu, 2011b). Kinaesthetic
students learn better when they are physically involved with learning material. According to Gage
(1995), kinaesthetic learners have been ignored by most learning methods. However, the GBLS
mode will provide kinaesthetic learners with their needs to achieve better performance and at the
same time support other learning styles (Hsu, 2011a).

Third is relating to fitness and physical development, besides its value in learning. A study by
O’Hanlon (2007) showed that the GBLS mode can help overweight students by engaging them in
physical activities during class time. In addition, students will also be forced to be active at home
as they have to do their homework. Forth, the GBLS mode supports embodied cognition theory,
which argues that students learn better when they combine cognitive tasks with physical move-
ments (Chang, Chien, Chiang, Lin, & Lai, 2013). Embodied cognition theory suggests that ma-
nipulating and interacting with tools change the way we think and comprehend, and this change
affects the way we perceive our environment. In other words, embodied cognition theory states
that people learn with their bodies to complement their brains (Kirsh, 2013). Several studies have
emphasised the positive impact of the combination of physical gestures with cognitive tasks on
learning (Ratner, Foley, & McCaskill, 2001; Stevanoni & Salmon, 2005). According to Chao et
al. (2013), performing physical movement and touching relevant things during learning tasks pro-
vide a meaningful learning experience. Fifth, the Kinect is relatively cheap comparing with other
learning technologies and can be attached to the classroom computer without the need for in-
stalling any other infrastructures. For instance, comparing the price of the Kinect with Interactive
Whiteboard (IWB), IWB costs between 800 to 2500 US dollars, while the Kinect only cost 149
US dollars (Hsu, 2011b).
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Chang et al. (2013) ran an experiment using the Kinect as gestural-based multimedia to test the
effect of body movements and gestures on learning. The results showed better concept under-
standing and knowledge retention using Kinect-based learning, the results were measured by pre-
test and post-test. Moreover, Chao et al. (2013) examined the effect of using gestures during
learning on students’ memory performance by comparing desktop learning system with the Ki-
nect-enhanced learning method. The results showed that students who used the Kinect recall more
information than students who used desktop systems. In addition, Meng et al. (2013) used a Ki-
nect-based learning system to teach anatomy; the results of this research showed that using the
Kinect-based learning method outperformed the existing learning system, which was AR magic
mirror. AR magic mirror is a medical education technology that creates an illusion, which aug-
ments virtual anatomy information to the user who is standing in front of a mirror. Another study
(W.-J. Lee, Huang, Wu, Huang, & Chen, 2012) compared Digital Learning Playground (DLP)
with Kinect-enhanced DLP in order to test the effect of embodied interaction on learning perfor-
mance. The results of this comparison showed that the Kinect-enhanced DLP kept the participants
attention on learning and gave them a more enjoyable learning experience than the conventional
DLP. Ayala, Mendivil, Salinas, and Rios (2013) also developed kinaesthetic learning applications
using the Kinect sensor to help teaching math; they found that there is a relationship between
body movements and learning processes. Sommool, Battulga, Shih, and Hwang (2013) tested the
usability satisfaction of Kinect-enhanced “Holodeck” classroom; the results showed that the par-
ticipants were satisfied with use of the system. More recently, Hsiao & Chen (2016) used ASUS
Xtion PRO, which is the Kinect-like device to test the effect of gesture interactive game-based
learning (GIGL) on the learning performance and motor skills of pre-schoolers. The results of
this study showed that GIGL system improved the kids’ learning performance and their motor
skills when compared to traditional activity game-based learning. Ke, Lee, and Xu (2016) also
developed and examined the impact of Mixed-reality Integrated Learning Environment (MILE)
on teaching performance; the Kinect-enabled sensorimotor interface was used to create a virtual
reality learning method. MILE was used by 23 university teaching staff and they found that the
MILE has reinforced the teaching tasks.

Although, the value and the benefits of the GBLS mode have been stated by several studies, a
proper investigation of the influence of the GBLS mode on the learning outcomes is scarce. The
previous studies lack the study of the impact on the GBLS mode of more than one category of
learning outcome (cognitive, affective outcomes, etc.) at the same time. Moreover, none of these
studies considered the differences in the students’ characteristics such as learning styles and spa-
tial ability levels. However, a comprehensive empirical research on the impact of the GBLS mode
on learning outcomes is needed. Therefore, this study will be conducted to investigate the effec-
tiveness of the GBLS on learning outcomes with guidance of models from TML field (Alavi &
Leidner, 2001; Piccoli, Ahmad, & Ives, 2001).

Research Framework

The GBLS research field is still at its infancy stage, and up to the time of writing this paper (Sheu
et al., 2013), there is no research model that is specially built to guide the GBLS research. Thus,
Technology-Mediated Learning (TML) models will be used as a guide to achieve the objectives
of this study. Alavi and Leidner (2001) and Piccoli et al. (2001) models were used to build the
research framework. Below is a brief description of these two models.

Firstly, Alavi and Leidner’s framework (2001). This framework provides a summary of the
TML’s literature. The framework outlines the potential research avenues in the TML field. It also
illustrated and identified the missing dimensions of previous TML’s research. Alavi and
Leidner’s framework was built based on input-process-output model and consists of four dimen-
sions namely Instructional Strategy, Information Technology, Psychological Learning Processes,
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and Learning Outcomes. The framework mainly focuses on the relationship between the technol-
ogy and the instructional strategy, and their effect on psychological learning processes, which
influences the learning outcomes. Despite the value of Alavi and Leidner’s framework, it ignores
an important dimension, which is learner and instructor characteristics (Alavi & Leidner, 2001;
Wan & Fang, 2006). According to Benbunan-Fich and Hiltz (2003) and Piccoli et al.(2001),
learners’ characteristics play important roles in the successes of the technology use in the learning
field. Secondly, Piccoli et al.’s framework (2001) that was developed primarily for web-based
learning. The framework adds the human dimension which is missing in the Alavi and Leidner’s
(2001) model. Piccoli’s framework consists of only three dimensions: Human dimension, Design
dimension, and Effectiveness dimension. However, Figure 2 shows the current research
framework, the framework consists of three dimensions which are independent variables (three
learning modes), dependent variables (learning outcomes) and moderating variables (learners’
individual characteristics)

Independent Variables: Learning Modes

There are three learning modes used in this study as follows. More details will be described in
Table 1 under Research Methodology section.

e Gesture Based Learning System (GBLS) mode
o Computer Simulation Software Learning (CSSL) mode
e Conventional Learning mode

Dependent Variables: Learning Outcomes

Learning outcomes cannot be measured directly, only the action and performance that result from
learning can be measured (Alavi & Leidner, 2001). Sharda et al. (2004) have categorised learning
outcomes into three components: Cognitive Outcomes, Affective Outcomes, and Psychomotor
Outcomes. Cognitive Outcomes include knowledge, comprehension, analysis, and application.
Affective outcomes include learners’ perception of satisfaction, attitude, and appreciation for
learning experience using the new learning method. Psychomotor Outcomes includes response
magnitude, accuracy, and efficacy. However, this research will measure the cognitive outcomes
using pre-test and post-test grades, and the affective outcomes through the students’ perception of
learning effectiveness and satisfaction.

Moderator Variable: Learners Characteristics

Students are the most important participants in the education processes, and they represent the
raw subjects for any educational system. Indeed, students are the key members of the stakehold-
ers involved in the education cycle (Lengnick-Hall, 1996; Sirvanci, 1996). However, understand-
ing students’ characteristics is a crucial factor to ensure the success of an educational system or
method. Individual differences of students include learning style, diversity in motivation, spatial
abilities, and demographic differences (Alavi & Leidner, 2001). According to Lengnick-Hall and
Sanders (1997), the variation of students characteristics has become a challenge for all
educational institutions around the world, as the individual differences may affect the learning
outcomes of the students when they are taught by the same learning mode. Alavi and Leidner
(2001) argue that studying the impact of any instructional based technology method on learning
outcomes should be moderated by learning characteristics. This research focuses on investigating
the influence of the GBLS mode on learning outcomes, therefore two learning characteristics will
be studied as moderating variables (see Figure2), namely, learning styles and spatial abilities.
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Dependent Variables
(Learning Outcomes)

Moderator Variables
- Learning style
- Spatial ability

Computer Simulation
Software learning
(CSSL) mode

Gesture-based learn-
ing System (GBLS)
Mode

Conventional
learning mode H5

H6
HY

Learning style

H4

H1
H2

H3

HS8
H9
H10

Spatial ability

Figure 2: The research framework

Research Methodology

Research Design and Procedures

This research is explanatory quantitative research; a quasi-experimental research design has been
used in this study in order to establish a causality relationship between the learning modes and
learning outcomes. This study has been executed as follows.

Cognitive outcomes
- Academic perfor-
mance

Effective outcomes

- Perceived learning
effectiveness

- Satisfaction

Academic
performance

Perceived
learning
effective-
ness

Satisfaction
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The Experiment Design and Tools

The experiment consists of three groups, each group represent a specific learning mode (see
Table 1):

Table 1: The experimental groups

Experimental group Learning mode

Group A Gesture Based Learning system (GBLS) mode

Group B Computer Simulation Software Learning (CSSL) mode.
Group C Conventional learning mode

e Group A: The GBLS mode
This learning mode was set up by applying some modifications to a formal classroom,
these modifications include the use of Microsoft Kinect sensor, which was connected to
the classroom computer. OpenNI driver was installed the classroom PC in order for the
Kinect sensor to work on the PC. K- Solar application was installed to the classroom PC.
K- Solar system is Kinect based application. The application was developed by the Juan
de Lanuza School and the BIFI- Biocomputation and Physics of Complex Systems Insti-
tute of the University of Zaragoza. The k-Solar System’s developers have granted a
license to the researcher to use it in this experiment.

e Group B: The CSSL mode
This group was setup as follows. A computer lab was arranged prior to the experiment
day. The Solar System 3D Simulator application was installed on the computers in the
lab. The Solar System 3D was developed by Softonic International S.A Company and it is
available to download for free on the company website.

e Group C: The conventional learning mode
Conventional classroom with computer and projector was used. PowerPoint presentation
was prepared by the researcher to explain the topic.

Participants

A hundred and ninety-eight first-year undergraduate students voluntarily participated in the re-
search from a total of about 500 first year undergraduate students at Almergib University
(Mslatah city, Libya). Almergib University was chosen using convenience sampling method as
the researcher had access to the university, which helped him to recruit students. Only first-year
students were invited to participate to ensure consistency among participant’s knowledge and ex-
perience. All participants are Libyan students. Out of 198 participants, only 151 participants
completed all stages of the experiment with response rate of 76.2%.

Instruments to Measure Variables

Most of the research instruments were adopted from previous studies and, some were added for
the purpose of this study. Table 2 listed all the instruments used in this study.
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Table 2: Research instrument

NO Variable Type of Instrument Source
variable
1 Academic Per- Dependent Pre-test and post- Twenty-seven Multiple-Choice and
formance test true/false Questions were Quoted from

test-bank, (Pearson Education, 2014),
and reviewed and edited by a profes-
sional lecturer in the subject area.

2 Perceived Learn-  Dependent Questionnaire Eleven items were adapted from pre-

ing Effectiveness vious studies (Benbunan-Fich & Hiltz,

2003; E. A. L. Lee, 2011; Marks,
Sibley, & Arbaugh, 2005)

3 Satisfaction Dependent Questionnaire Seven items were adopted from previ-
ous studies (Chou & Liu, 2005; E. A.
L. Lee, 2011).

4 Interactivity Dependent Questionnaire Three items were adopted from Pituch
and Lee (2006)

5 Multimodality Dependent Questionnaire Three items were devolved from the
theory of multimodality.

6 Learning style Moderator Kolb Learning Kolb Learning Style Inventory (LSI)

Style Inventory was used. (LSI) is commercially
(LSI) available on:

(www.learningfromexperience.com).

7 Spatial ability Moderator Spatial Ability Test The spatial ability test from Barrett

and Williams (2003) was used.

Experimental Procedures:

1.

Participants were equally and randomly divided into three groups. 198 / 3 = 66
participants are used in each group. Each group was randomly assigned to one of the three
learning groups (See Table 3).

First session of the experiment: in this session all participants in the three groups were
asked to sit for a pre-test and to complete the initial questionnaire. The initial question-
naire consists of three parts, which are background information, Kolb Learning Style In-
ventory, Spatial ability test.

Second session of the experiment: in this session;

a. Participants in Group (A) and Group (B) received 10 minutes introduction to the
learning mode before lecture to ensure all participants are familiar with the use the
technologies.

b. All Participants in the three different learning groups received a lecture using different
modes based on the learning mode that they were assigned to (See Table 3). The
learning topic title was Introduction to the solar system and time measurement. The
lectures were delivered in the Arabic language (their native language) in the universi-

ty.
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Table 3: Assigning participants to the experimental groups

Experimental group Number of participants Intervention Lecture duration
Group A 66 GBLS mode 90 mins
Group B 66 CSSL mode 90 mins
Group C 66 Conventional learning mode 90 mins

4. After having received the treatment, all students in the three groups were asked to sit the
post-test and complete the final questionnaire (See Figure 3). The final questionnaire con-
sists of two parts: Perceived Learning Effectiveness, and Satisfaction.

Group A Group B Group C
Before treatment Before treatment Before treatment
. Initia 2. Initia . Inmitia
L [ET5HiES] Questionnaire L 1H7- 156 Questionnaire L. iR Questionnaire

GBLS mode CSSL mode Conventional Learning mode
After treatment After treatment After treatment
1. Post-test . Fina - Fina 1. Post-test - Fina

: . 1. Post-test X . . .
Questionnaire Questionnaire Questionnaire

Figure 3: The Experiment Procedures

Data Analysis

Data were analysed using Statistical Package for Social Sciences (SPSS) Version 22. SPSS was
used to run several statistical tests. First, descriptive statistics of the participants were investigat-
ed. Second, one-way Analysis of Covariance (ANCOVA) was conducted to determine the differ-
ences between the three groups in turn of the academic performance with pre-test as a covariate.
Third, one-way analysis of variance (ANOVA) was carried up to determine whether there are any
significant differences between the means of the three independent groups with respect to the per-
ceived learning effectiveness and satisfaction. The one-way ANOV A was also used to explore
any significant differences with respect to the academic performance, perceived learning
effectiveness, and satisfaction between students with different learning styles and spatial abilities
in the GBLS mode.

Results

This section presents the results of the data analysis; this section is divided into two sub-sections.
The first sub-section presents a brief description of the subjects. The second sub-section presents
the results of the hypnotised relationships. The significance level was set at 0.05. A significance
level of 0.05 implies that there is a 5% risk of claiming false difference.
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Descriptive Statistics of the Participants

A total of 151 participants completed all the stages of the experiment. The distribution of the par-
ticipants in the groups, their gender, their age group and their courses are shown in Tables 4, 5
and 6 respectively.

Table 4: Gender Cross tabulation by Group

Gender Total
Male Female
Group  Group A 9 47 56
Group B 29 11 40
Group C 27 28 55
Total 65 86 151

Table 5: Age Cross tabulation by Group

Age Total
(18-22) (23-26) (over 26)
Group  Group A 42 13 1 56
Group B 38 1 1 40
Group C 48 5 2 55
Total 128 19 4 151

Table 6: Area of study Cross tabulation by Group

Area of study Total
o Q
o ¥ I & s, 28 % =%
g g s5g g = £ g 2 s 3 E
5 o e & 2 aQ 4 2 3 = o o
= ¢ "% ¢ f F 2 & %
o g é < 8 0a & Z 2 0a r?n
Group Group A 23 15 8 0 6 3 1 0 0 56
Group B 0 0 0 33 4 0 0 3 0 40
Group C 12 2 25 0 8 0 6 0 2 55
Total 35 17 33 33 18 3 7 3 2 151

Hypotheses Examination

This section presents the results of the hypotheses, the hypotheses are divided into two sets, and
each set was developed to answer one research question as shown below.

Q1: Does the GBLS mode influence the students’ learning outcomes?
In order to answer the first research question, 4 null hypotheses were developed.
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H1: There is no significant difference in the students’ academic performance between the GBLS
mode, CSSL mode, and conventional learning mode.

A one-way Analysis of Covariance (ANCOVA) was conducted to determine statistically signifi-
cant differences between the GBLS, CSSL and conventional learning modes in the Post-test
scores while controlling for Pre-test scores. There was no statistically significant difference be-
tween the learning mode in Post-test score after controlling for the pre-test scores, F' (2, 147) =
2.19, p =.115. Although, there were no statistically significant differences in the academic per-
formance between the three groups, the researcher did find differences in the research sample.
The students in the GBLS mode did better in post-test than the students in the other learning
modes (see Figure 4).
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Figure 4: Estimated Margin means for Post Test Scores

H2: There is no significant difference in the perceived learning effectiveness between the students
in the GBLS mode, CSSL mode and conventional learning mode.

The one-way analysis of variance (ANOVA) was conducted to determine the difference in the
Perceived Learning effectiveness between students in the three learning modes. A one-way
ANOVA showed that the difference in perceived learning effectiveness between students in the
group A (GBLS mode) (N =56, M = 81.52, SD = 9.95), the group B (CSSL mode) (N =40, M =
70.4, SD = 16.60), and the group C (conventional learning mode) (N =55, M =74.7, SD = 12.10)
were statistically significant, ' (2,148) = 9.44, p <.001. The researcher needed to run a Welch
and Brown-Forsythe test because the homogeneity of variance assumption was violated p =.002,
however Welch and Brown-Forsythe test confirmed the one-way ANOVA results see (Table 7).
As the one-way ANOV A results were statistically significant, Post Hoc analyses were conducted.
Specifically, Games and Howell post hoc tests were conducted on all possible pairwise contrasts.
Games and Howell tests were used because the homogeneity of variance assumption was violat-
ed, Games and Howell test adjusts for violations of the homogeneity of variance assumption.
Games and Howell tests found the following pair of groups to be significantly different (p <.05):
Group Aand Group B, p =.001, Group A and Group B, p = .004. The Games-Howell test also
suggested that there is no significant difference between Group B and Group C, p=.349. In other
words, students in the GBLS mode showed higher perceived learning effectiveness than other two
groups B and C (See Figure 5).

Table 7: Robust Tests of Perceived Learning Effectiveness

Statistic(a) dfl df2 Sig.
Welch 9.676 2 85.065 .000
Brown-Forsythe 8.588 2 99.884 .000
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Figure 5: Estimated Margin means for perceived learning effectiveness

H3: There is no significant difference in the satisfaction between the students in the GBLS mode,
CSSL mode and conventional learning mode.

The one-way analysis of variance (ANOVA) was conducted to determine the difference in the
Satisfaction between students in the three learning modes. A one-way ANOVA showed that the
difference in satisfaction between students in the group A (N =56, M = 87.1, SD = 8.73), the
group B (N =40, M =71.3,SD = 15.1), and the group C (N =55, M = 65.3, SD = 15.90) were
statistically significant, (F (2, 148) = 38.1, p <.001). The researcher needed to run a Welch and
Brown-Forsythe test because the homogeneity of variance assumption was violated p = .001.
However, Welch and Brown-Forsythe tests confirmed the one-way ANOVA results see (Table 8).
As the one-way ANOVA results were statistically significant, Post Hoc analyses were conducted.
Specifically, Games and Howell post hoc tests were conducted on all possible pairwise contrasts.
Games and Howell test found the following pair of groups to be significantly different: Group A
and Group B p <.001, Group A and Group C, p <.001. The Games-Howell test also suggested
that there is no significant difference between Group B and Group C, p = .153. In other word,
students in the GBLS showed higher satisfaction than students in the other two groups B and C as
shown in Figure 6.

Table 8: Robust Tests of Satisfaction

Statistic(a) df1 df2 Sig.
Welch 47.612 2 81.955 .000
Brown-Forsythe 36.641 2 114.289 .000
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Figure 6: Estimated Margin means for satisfaction
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H4: There is no significant difference in the overall learning outcomes between the students in the
GBLS mode, CSSL mode and conventional learning mode.

The one-way analysis of variance (ANOVA) was conducted to determine the difference in the
overall learning outcomes between students in the three learning modes. A one-way ANOVA
showed that the difference in overall learning outcomes between students in the group A (N = 56,
M =203, SD =20.9), the group B (N =40, M =173, SD = 28.8), and the group C (N=55,M =
174, SD = 29.8) were statistically significant, ((F (2,148) =21.5, p <.001). As the one-way
ANOVA results were statistically significant, Post Hoc analyses were conducted. Specifically,
Tukey HSD post hoc test was conducted on all possible pairwise contrasts. Tukey HSD test found
the following pair of groups to be significantly different: Group Aand Group B, p <.001, Group
A and Group C, p <.001. The Games-Howell test also suggested that there is no statically signif-
icant difference between Group B and Group C, p =.996. Thus, students in the GBLS outper-
formed the students in the other two groups in overall learning outcomes (Figure 7).
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Figure 7: Estimated Margin means for overall learning outcomes

Q2: Will the GBLS mode be able to accommodate all students with
different learning styles and spatial abilities??
In order to answer the second research question, 5 null hypotheses were developed.

HS5: There is significant difference in the academic performance between students with different
learning styles in the GBLS mode.

The one-way analysis of variance (ANOV A) was conducted to determine the difference in the
Academic performance between the students with different learning style in the GBLS mode.
One-way ANOVA showed that the difference in Academic Performance between the Diverging
(N=16,M =34.72, SD = 16.72), the Accommodating (N =10, M =33.7, SD = 11.6), the Assim-
ilating (N =16, M = 33.1, SD = 14.1), and the Converging (N = 14, M = 35.7, SD = 13.9) were
not statistically significant, (£ (3, 52) =.091, p =.965). Therefore, there was no significant differ-
ence in the academic achievement between students with different learning styles in the GBLS
mode.

H6: There is a significant difference in the perceived learning effectiveness between students with
different learning styles in the GBLS mode.

The one-way analysis of variance (ANOVA) was conducted to determine the difference in the
perceived learning effectiveness between the students with different learning style in the GBLS
mode. A one-way ANOVA showed that the difference in the perceived learning effectiveness
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between the Diverging (N =16, M = 82.50, SD = 6.99), the Accommodating (N =10, M = 83.63,
SD = 6.96), the Assimilating (N =16, M = 81.8, SD = 12.6), and the Converging (N = 14, M =
78.6, SD = 11.5) learning styles were not statistically significant, (F'(3,52) = .603, p =.616). The
researcher needed to run Welch and Brown-Forsythe tests because the homogeneity of variance
assumption was violated p = .044.However, Welch and Brown-Forsythe tests confirmed the one-
way ANOVA results see (Table 9). Therefore, there was no significant difference in the perceived
learning effectiveness between students with different learning styles in the GBLS mode.

Table 9: Robust Tests of Perceived learning effectiveness

Statistic(a) dfl df2 Sig.
Welch 595 3 27.058 .624
Brown-Forsythe .638 3 44.117 .594

H7: There is a significant difference in the satisfaction between students with different learning
styles in the GBLS mode.

The one-way analysis of variance (ANOVA) was conducted to determine the difference in satis-
faction between the students with different learning styles in the GBLS mode. A one-way
ANOVA showed that the difference in Satisfaction between Diverging (N =16, M =81.3, SD =
1.60), the Accommodating (N = 10, M = 80.85, SD = 6.64), the Assimilating (N =16, M = 80.7,
SD = 1.39), and the Converging (N = 14, M = 78.4, SD = 10.8) learning styles were not statisti-
cally significant, (F' (3, 52) = .423, p = .737). Therefore, there was no significant difference in
satisfaction between students with different learning styles in the GBLS mode.

HS: There is a significant difference in the Academic performance between students with differ-
ent spatial ability levels in the GBLS.

The one-way analysis of variance (ANOVA) was conducted to determine the difference in the
Academic performance between the students with different spatial ability levels in the GBLS
mode. One-way ANOVA showed that the difference in the academic performance between
students in the High (N =23, M =36.1, SD = 13.3), the Medium (N =21, M =35.5, SD = 16.4),
and the low (N =12, M =29.01, SD = 10.5) levels of spatial ability were not statistically
significant, (£ (2, 52) = 1.096, p = .342).

HO: There is a significant difference in the perceived learning effectiveness between students with
different spatial ability levels in the GBLS.

The one-way analysis of variance (ANOVA) was conducted to determine the difference in the
perceived learning effectiveness between the students with different spatial ability levels in the
GBLS mode. A one-way ANOVA showed that the difference in the perceived learning
effectiveness between the High (N =23, M = 80.3, SD = 11.1), the Medium (N =21, M = §1.6,
SD =7.58), and the Low (N = 12, M = 83.6, SD = 9.95) levels of spatial ability were not
statistically significant, (F (2, 53) = .432, p =.652).

H10: There is a significant difference in the satisfaction between students with different spatial
ability levels in the GBLS

The one-way analysis of variance (ANOVA) was conducted to determine the difference in the
satisfaction between the students with different spatial ability levels in the GBLS mode. A one-
way ANOVA showed that the difference in the satisfaction between the High (N =23, M =
85.59, SD = 9.86), the Medium (N =21, M = 88.9, SD = 6.34), and the Low (N =12, M =87.1,
SD = 1.16) levels of spatial ability were not statistically significant, (¥ (2, 53) = .860, p =.429).
The researcher needed to run Welch and Brown-Forsythe tests because the homogeneity of vari-
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ance assumption was violated p < .05, however, Welch and Brown-Forsythe tests confirmed the
one-way ANOVA results (see Table 10). Therefore, there was no significant difference in the
satisfaction between students with different learning styles in the GBLS mode.

Table 10: Robust Tests of Satisfaction

Statistic(a) dfl df2 Sig.
Welch 1.036 2 26.332 369
Brown-Forsythe .796 2 33.023 460

Discussions and Conclusions

This study was conducted to investigate the effectiveness of the GBLS mode. The main purpose
of the research, that is, to investigate the effectiveness of the GBLS mode, was broken down into
more specific questions as follows. First, does the GBLS influence students’ learning outcomes?
Second, will the GBLS mode be able to accommodate all students with different learning styles
and spatial abilities? Those two questions were addressed in this paper. In order to answer the
research questions, a quasi-experiment was used to compare the learning outcomes of the GBLS
mode, CSSL mode, and conventional learning mode.

The current research yielded additional evidence that the GBLS mode can positively influence the
learning outcomes of students. Students in the GBLS mode achieved higher scores in overall
learning outcomes than the students in the other two learning modes. In addition, the current re-
search results showed that students in the GBLS mode outperformed students in the other learn-
ing groups at perceived learning effectiveness and satisfaction (Affective outcomes). On the other
hand, the current research found that there is no statistically significant difference in the academic
performance (cognitive outcomes) between students in the GBLS, the CSSL, and the convention-
al learning modes. Although, there were no statistically significant differences in the academic
performance between the three groups, the researcher did find differences in the research sample.
The students in the GBLS did better in the post-test than the students in the other learning modes.
The results of better academic achievement were consistent with the result that obtained by
Chang et al. (2013) and Chao et al. (2013). This improvement of the students’ academic
performance could be explained by the Embodied Cognition theory, which is a cognitive science
theory that believes that there is a connection of cognitive tasks with the physical environment in
supporting concept understanding and learning for most students (Chao et al., 2013).

The results of a higher level of perceived learning effectiveness indicated that students believed
the GBLS mode can help them to achieve a better understanding of the learning content, to
summarise the main ideas of the topic, and to be more confident to express and discuss their ide-
as. These results showed that the GBLS mode made the students more interested in the learning
and they wanted to learn more. These results could be explained through the interactivity that is
one of the main features of the GBLS mode. It has been proved that interactive learning experi-
ence improves student skills such as problem-solving and critical thinking (Saye & Brush, 2001).
Similarly, the results of a high level of satisfaction indicated that students enjoyed the GBLS
mode experience, and they were satisfied with the learning environment and the learning instruc-
tions. These results matched the results that were reported by Sommool et al. (2013).

The second part of the research investigation showed the GBLS mode was able to accommodate
all learners with different learning styles and spatial ability levels. These results met the require-
ment of effective learning systems that have been stated by Lengnick-Hall and Sanders (1997);
they stated that the effective education system should be able to accommodate all students with
different individual characteristics in order to obtain consistent learning outcomes. Lage, Platt,
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and Treglia (2000) emphasised that the failure to match the teacher’s instructing style and a pu-
pil’s learning style can make the student less interested in the learning experience. From the re-
search results, it could be concluded that the GBLS mode provided an inclusive classroom envi-
ronment that fulfils the needs of all learners with different characteristics. These results can be
explained by the multimodality, which represents one of the main features of the GBLS mode as
explained in the literature review section.

To sum up, at the beginning of this article, the authors mentioned that a proper investigation of
the effectiveness of the GBLS mode is needed. The literature of the knowledge area supported the
research argument as it revealed that the research in the GBLS field is still in its infancy stages.
However, this study offered an experimental investigation of the effectiveness of the GBLS mode
with the guidance of some Technology Mediated Learning (TML)’s models. The findings of this
study suggested that the learning outcomes of the GBLS mode outperformed the other two learn-
ing modes: the CSSL mode and conventional learning mode. In addition, the results of this re-
search also recommend that the GBLS mode is able to serve all learners with various individual
characteristics. The outcomes of this study are important because they provide additional scien-
tific evidence of the value of GBLS. It would be fruitful to pursue further research about how the
GBLS mode influences the learning outcomes.
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