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Abstract—Road traffic accidents have become a major health
problem worldwide. There is an urgent need to educate young
drivers on road safety and traffic rules. This study aims to
investigate the effectiveness of Virtual Experiential Learning
(VEL) for educating undergraduate students on traffic rules in
Thailand. The results showed that the VEL affected cognitive
load reduction in both short term and long term memory which
can increase student’s knowledge in traffic rules efficiently.
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I. INTRODUCTION

Nowadays, road traffic injury is the number one cause of
death for young people worldwide [1]. The Department of
Violence and Injury Prevention and Disability (VIP) of
World Health Organization (WHO) reported that there are
1.3 million road deaths in the world each year, and the figure
is forecasted to increase to 1.9 million by 2020 [1]. In
Thailand, the Ministry of Public Health is aware that road
accidents is one of the top three public health problems in the
country. The costs of property damages due to road accidents
and associated losses are estimated to be more than 232,000
million Baht annually [2]. The economy losses from road
accidents include medical costs for human, property damages,
and general costs due to vehicle crashes. From these aspects,
the Ministry of Transportation of Thailand has established a
national policy to educate the drivers and the main target
group is the younger population. The age group between 15
to 29 years has the highest death rate due to road traffic
accidents as reported by the department of VIP [1]. It is
understandable that this demographic group, due to their age,
has limited driving experience, skills and knowledge [3]. A
comprehensive road safety master plan has been developed in
Thailand in order to educate the young drivers on road safety.
The aim is to reduce the number of crashes and injuries
resulted from the accidents [4].

A. Cognitive Load Theory and Information technology

Cognitive Load Theory (CLT) is a learning process
comprises of learning, memorizing, and problem solving [5].
It concerns with three distinct types of memory which are:
sensory, working (short term), and long term memory. The
working memory is the main processor of the brain and
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establishes knowledge when it combines prior knowledge
with information from the sensory memory [6]. Then, the
information will be established and retained in the long term
memory.

Information Technology (IT) has shown that it is able to
play an important role to increase the effectiveness and
efficiency of various instructional design strategies [7]. The
advantages of IT have manifolds such as the providence of
many forms of presentations that could be used to develop
various modes learning instructions in order to solve the
problem of cognitive overload [7], [8].

IT enables the utilization of multi sensory channels to
convey various forms of information from the learning
system to the learners. However, working memory has
limited capacity, presenting too much information via too
many channels may cause missed important information
during learning [9]. This may result in the learner ignoring
the content in the process. Hence, the challenge is how to
utilize the technology to develop an optimal learning system.
Course designers and researchers need to understand and
balance the loading onto the learner between these three
types of memory in order to ensure that knowledge will be
established in the long term memory. This research aims to
investigate the effectiveness of learning instructions designed
with Experiential Learning with respect to cognitive load
reduction on the education of undergraduate students on
traffic rules.

Il. CURRENT SOLUTIONS

Instructional technology utilized in the form of Multimedia
instructions have the capacity to offer powerful presentation
to students and learners [10]. There have been many studies
aimed to solve the problem of cognitive overload using
multimedia teaching materials. However, multimedia
learning has associated problems that inhabit the
achievement of the best outcome. Research on solving the
representation of multi-channel in multimedia environment
has been studied in a number of projects. Educational
interfaces based on human computer interaction and
instructional design have also studied under the user-centered
design principles for cognitive load reduction [11], [12].
Moreover, Cognitive Load Theory has been developed to
investigate the influences on learning achievement under
various multimedia combinations and learner-controlled
modes [13]. Multifunctional websites that provide teaching
resources, interesting experiments, inquiry experiments,
virtual animations, multi-assessments, and supplementary
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materials, haves shown to be highly interactive and
simulative. The study has found that learner-controlled
modes were significantly influential and various multimedia
combinations have brought apparent influences on learning
effects[13]. A presentation method of Dual Channel model
wsa investigated and the efficiency of resource allocation of
cognitive memory capacity was reported to be increased [14].
The channels convey visual contents such as text and images,
combined with synchronization of narration such as sound
content and a pointer. The result showed the validity of this
model and the effectiveness of the proposed content
development method in e-learning. [14]

This study aims to investigate the effectiveness of learning
instructions designed with Experiential Learning in cognitive
load reduction on the education of undergraduate students on
traffic rules. The research questions and associated
hypotheses are listed below.

RESEARCH QUESTIONS AND HYPOTHESES

A. Does Experiential Learning Affect Cognitive Load
Reduction on The Learning of Traffic Rules by Thai Youths in
Short Term Memory?

1) Hypothesis 1: There will be no significant difference
between the mean score of the post-test of traditional
instructions delivered with Experiential Learning and
the mean score of the post-test of traditional instructions
delivered without Experiential Learning. (Hy: [ = )

2) Hypothesis 2: There will be no significant difference
between the mean score of the post-test of multimedia
instructions delivered with Experiential Learning and
the mean score of the post-test of traditional instructions
delivered without Experiential Learning. (H,: | = )

3) Hypothesis 3: There will be no significant difference
between the mean score of the post-test of 3D based
video instructions delivered with Experiential Learning
and the mean score of the post-test of traditional
instructions delivered without Experiential Learning.
(Ha: b = )

4) Hypothesis 4: There will be no significant difference
between the mean score of the post-test of traditional
instructions delivered with Experiential Learning,
multimedia instructions delivered with Experiential
Learning, and 3D based video instructions delivered
with Experiential Learning and the mean score of the
post-test of traditional instructions delivered without
Experiential Learning. (Ha: Maveragep.c) = Ha)

B. Does Experiential Learning Affect Cognitive Load
Reduction on The Learning of Traffic Rules by Thai Youths in
Long Term Memory?

1) Hypothesis 5: There will be no significant difference
between the mean score of the final-test of traditional
instructions delivered with Experiential Learning and
the mean score of the final-test of traditional
instructions delivered without Experiential Learning.
(Hs: b = |h)

2) Hypothesis 6: There will be no significant difference
between the mean score of the final-test of multimedia
instructions delivered with Experiential Learning and

644

the mean score of the final-test of traditional
instructions delivered without Experiential Learning.
(He: e = 1)

3) Hypothesis 7: There will be no significant difference
between the mean score of the final-test of 3D based
video instructions delivered with Experiential Learning
and the mean score of the final-test of traditional
instructions delivered without Experiential Learning.
(H7: o = )

4) Hypothesis 8: There will be no significant difference
between the mean average score of the final-test of
traditional instructions delivered with Experiential
Learning, multimedia instructions delivered with
Experiential Learning, and 3D based video instructions
delivered with Experiential Learning and the mean
score of the final-test of traditional instructions
delivered without Experiential Learning. (Hs: ayerage

©®CcB) = M)

IV. METHODOLOGY

This study proposes Virtual Experiential Learning (VEL)
which is virtual learning based Experiential Learning
techniques in a framework comprises with various modes of
learning instructions[15]. These learning instructions are a)
traditional learning instructions, b) multimedia instructions,
and c) 3D based video instructions via the Internet [15].
Experiential learning (EL) is the process of learning by doing
and processing an activity, and it is related to the knowledge,
skill, and practice obtained from the participation or
engagement in an activity [16]. Thus, the use of VEL is to
assist the learner to retrieve information in order to rethink or
reorganize the working memory as shown in Fig. 1. This is
because retrieval process plays a major role in helping to
recall information enabling to increase the efficiency of the
storage processes [17]. Moreover, the learner will be
provided lessons, practices, and examples in the virtual world
that learner can access to the learning system anywhere and
anytime.

Multimedia
Instructions

3D-based Video
Instructions

[

=

Sensory Memory

Working Memory

Long-Term Memory

Fig. 1. The propose of VEL framework for cognitive load reduction [15]

This study has four different instructional designs and they
present the same contents as shown in Table I. The control
group (group A) is presented with traditional instruction
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design comprised text and pictures. Three other experiment
groups are presented with traditional instruction design with
EL comprised narration of text, and pictures (group B);
multimedia instruction design with EL comprised narration
of text, pictures, sounds, and 2D animations (group C); and
3D based instruction design with EL comprised of narration
of text, pictures, sounds, and 3D videos (group D).

TABLE I: PROPOSED CONCEPTUAL FRAMEWORK FOR COGNITIVE LOAD
REDUCTION

Content Designs With EL Without EL

Text and Pictures (control group) Group A

Text and Pictures Group B
Multimedia Instructions Group C
3D Based Video Instructions Group D

The pre-test post-test, and final-test experimental design
were employed in this study and the tests contained 30
questions and it takes approximately 15 minutes to complete
each test. The lessons take about 30 minutes on each topic
being represented by the respective instruments. The
participants have to finish the pre-test and the results of four
groups are compared in order to assess their knowledge
background. Then, the participants take the lesson and then
followed by the post-test.The parricipants were invited to

finish another final-test two weeks after finished the post-test.

This is aimed to assess the effectiveness of their knowledge
stored in the participants’ long term memory.

V. RESEARCH RESULTS

400 participants took part and they were undergraduate
students from different universities in Thailand. 100
participants were randomly selected and allocated to each
group and they were required to complete the questionnaires
in this study. All the participants have no driver licenses and
the participants’ ages range from 18 to of 25 years. They were
also chosen with similar knowledge background on traffic
rules as illustrated by the mean average score of the pre-test
as shown in Table II.

TABLE Il: SUMMARY OF THE MEAN SCORE OF THE TESTS

Group Mean of the Mean of the Mean of the
Pre-test Post-test Final-Test
A 10.99 18.28 16.86
B 11.01 20.95 17.80
C 10.98 24.19 19.71
D 10.89 23.48 21.06

To analyze and test hypotheses, a two group post-test and
final-test experimental design was employed in this study.
SPSS was used to analyze the data, and the Independent
Sample T-Test was used to prove the significance of the
variables as shown in Table I1I.

As presented in Table 11, the mean score of the post-test of
the experiments group (B, C, D) were higher than the control
group (A). The results found that hypotheses 1 to 4 of
research question 1 were rejected significantly at the 0.05
level (see Table III). This shows that the EL affected
cognitive road reduction and it enabled an increase of
knowledge on traffic rules in all learning instructions for
short term memory. Moreover, the EL was examined against
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the effectiveness in long term memory with the final-test, and
the results showed the mean score of the learning instructions
with the EL were higher than the learning instruction without
the EL. The hypotheses 5 to 8 were rejected with level of
significance « = .05. This showed that the EL affected
cognitive load reduction in long term memory.

TABLE I1l: RESULTS OF THE INDEPENDENT SAMPLE T-TEST

Research Levene’ s
Question Test for t df Sig
Hypotheses Equality of (2-tailed)
Variances
F Sig
1 1.14 '278 829 198 000
2 1.51 '%2 -20.42 198 .000
! 90
3 014 . -1679 198 .000
4 255 00 4839 108 .000
3 0
5 121 '227 235 198 020
6 381 '%5 741 198 000
2
7 083 '737 983 198 000
8 83 0 59 198 000
1 0
VI. CONCLUSION AND FUTURE WORK

This paper presented an investigation of the effectiveness
of four learning instructions designed with EL in order to
support cognitive load reduction on educating traffic rules for
undergraduate students in Thailand. The results examined the
mean scores of the pre-test, post-test, and final-test. The
result showed that learning instructions designed with EL is
able to support cognitive load reduction in both short term
and long term. The next step of this study will investigate the
effectiveness and efficiency of each learning instructional
design strategies with EL. This study supports cognitive load
reduction and will contribute towards better understand on
improvement of education of undergraduate students on
traffic rules and it is hoped that this will lead to decrease of
road traffic accidents.
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