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Abstract—The increasing number of road accidents and deaths among chil-
dren in Malaysia is a concern. One of the main causes stems from lack of
knowledge and skills in dealing with the complexity and condition of the road
system. Recognizing the significance of road safety among students, road safety
education has been introduced to primary schoolsby the Ministry of Education in
2008. Initially it was blended into the Malay language subject with the goal to
equip the children withthe knowledge and skills about road safety. However, road
safety teaching and learning still uses the conventional methods without the use
of specialized tools. This paper introduces ROSE courseware, a specialized learn-
ing tool developed to meet the needs of the Malaysian primary school curriculum
for road safety education. Its learning environment is a blend of virtual reality,
augmented reality and interactive multimedia, which enables children to under-
stand and acquire skills related to road safety through interactive, real-time and
immersive learning tool. In order to receive the children’s feedbacks pertaining
to their experience in interacting with the ROSE courseware, a usability evalua-
tion was conducted. The results show that the children strongly agreed on the
usefulness, information quality and interface quality of the ROSE courseware.

Keywords—Road Safety Education, Virtual Environment, Augmented Reality,
Multimedia, Prototyping, Usability

1 Introduction

Children are exposed to various accidents while on the road since they have to inter-
act with other road users who use the road for a variety of purposes [9][21][43-45]. The
risk of children being involved in road accidents is higher due to the road conditions
[3], complexity of the transport systems, interactions between children and other road
users as well as children's interactions with the physical and social environment [53].
In addition, physical and cognitive limitations also put children at high risk of road
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accidents [9]. Researchers such as [72][68] and [61] highlightthat childrenhave physical
limitation in their ability to see or be seen by other road users.

In Malaysia, statistics of fatal accidents involving children are alarming because of
higher rates of deaths among children. Between 2007 and 2009, 12% of children be-
tween the ages of 1 and 18 suffered fatal road accidents in Malaysia [43]. This number
exceeds the 5-10% deaths among the high-income countries [74]. Human error is a
major cause of a large number of these accidents which can be attributed to irresponsi-
ble and aggressive behavior among road users in Malaysia [27]. Casualties can be re-
duced if road users have a well-developed road safety culture while they are young.
Children need RSE-related knowledge as well as advanced cognitive skills to interact
in road traffic situations.

In Malaysia, the RSE program has been introduced in 2007 [64] and in 2008 and
implemented in stages in the primary schools starting with year one [2]. Initially, the
RSE isblended into the Malay language subject and the lessons areconducted according
to the teacher’s preparationwhich includes using exercise books, short videos and post-
ers and are carried out without practical training. [2] RSE not only allows students to
understand the road safety and regulations, but also to enable the students to experience
the road environment in order to make RSE more effective. At present, RSE in primary
schools across Malaysia is still adopting the conventional teaching and learning method
without the use of computer or mobile-based application as a supplement. Therefore,
this paper introduces Road Safety Education (ROSE) courseware, an application that
combines multimedia, virtual reality and augmented reality technologies in supporting
teachers and students to understand and experience RSE.

Multimedia is defined as more than one medium consisting of a combination of
graphics, text, audio, video and animation [39]. Multimedia is a tool that provides a
wide range of learning opportunities, thus escaping from the conventional and confin-
ing form of teaching [76]. Multimedia is able to provide variety of resources in the
control of teachers and students [1]. For teaching and learning, multimedia has been
proven to be able to improve the level of understanding [70], increase the effectiveness
of learning [20], create student-centered learning [35], enhance learning motivation
[73], and create fun learning atmosphere [5].

Meanwhile, virtual reality is a 3D environment that is computer simulated or imag-
ined which allows users to experience the sensation of presence in different physical
places [11]. It is acomputer-generated environment in which pictures, textures, sounds and
other realistic sensations areused to simulate the user's physical presence in a virtual
environment [40]. VR provides many distinctive benefits when it is used in teaching
and learning in schools. VR offers new tools for educators and provides new ways to
reach more students [41][60][10]. VR can stimulate, motivate and enhance the students
for specificpurposesandat the same time facilitating students to experience learning
[69][38][65][12]. VR allows students to practice risk-free procedures through simula-
tions [57][33][62]. Finally, augmented reality is defined as a technology where com-
puter-generated objects are added to the real-world environment to create a new layer
to the environment where users can interact with [36]. Virtual reality differs from aug-
mented realityin the sense that its environment is made up of synthetic objects that
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replace the real objects while for augmented reality; its environment is a combination
of real objects superimposed with virtual objects in order to enhance the environment.
Augmented reality offers many unique features that include; real-time display [6][8],
interactive technology [17][67] and information overlay on users’ real-world view
[22][37]. There are many benefits of using augmented reality in enhancing education
which include; in situ interactive visualization [7][54][32], physical skills development
[71], fun and entertainmentenhancement, [24][46], learning motivation improvement
[24][15][13][58], and learning performance improvement [24][[14][66].

2 Prototyping of the Rose Courseware

The prototyping of the ROSE courseware allows developers to discover and use the
guidelines and steps as discussed in this paper in producing a supplementary active
learning material for Road Safety learning. Prototyping is crucial since it involves the
process of developing a new product. Prototyping of the ROSE courseware consists of
three stages namely; virtual environment (VE) authoring, augmented reality (AR) au-
thoring and multimedia (MM) authoring as shown in Fig. 1.
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Fig. 1. The ROSE PrototypingStages

VE Authoring: VE authoring consists of four phases which include; scene defini-
tion, object modeling , optional database conversion and VE development. The scene
definition is to ensure that the courseware specifications are properly set. In this phase,
all contents related to the RSE were gathered. The scenes basically introduced the road
environment to the students. Other materials such as graphics, 3D visualization scenes,
information, images, and maps were gathered from various sources. In this courseware,
a zebra and a pedestrian bridge have been selected. A zebra crossing consists of paral-
lelwhite stripes uniformly painted on road’s surfaces [4] while a pedestrian bridge is a
separate crossing that is built over the road [30]. The use of zebra crossing and pedes-
trian bridge is sometimes dangerous for children if they do not have the skills and
knowledge to use it for crossing. Thus, the ROSE courseware should allow the children
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to practice and consequently learn how to cross the road using the zebra crossing and
pedestrian bridge.

The object modeling phase involvesgeometric modeling where polygons were
shaped to suit the need of the scene. Next, they were textured to make them look more
realistic. The objects were then animated so that they move according to the needs in
the scene. Autodesk 3DS Max was used for both objects geometric modeling and ani-
mation. The scene involves road, zebra crossing, pedestrian bridge, school buildings,
vehicles and pedestrians. Fig.2 shows some of the 3D models that were used for the
RSE learning environment.

Fig. 2. 3D models used in the ROSE courseware

When modeling for virtual environment, it is important to consider the computer
capabilities in terms of graphic and random access memory (RAM). These determine
the smoothness of the navigation whenever the user navigates the VE of the ROSE
courseware. All the 3D models have to be developed with minimum polygon count in
order to minimize the storage space and consequently avoiding lag in the VE [75].

Converting the files format phase involved conversion of file format prior to VE
delopment phase. Since Quest3D comes with a number of directly usable 3D objects,
in this study the models were converted to the Microsoft DirectX (.x) format. The final
phase is the VE development where Quest3D was used.

Meanwhile, Fig.3 and 4 show the real scene and virtual scene of the zebra crossing
and pedestrian bridge together with step-by-step instructions.

Fig. 3. The real and virtual scenes of the zebra crossing
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Fig. 4. The real and virtual scenes of the pedestrian bridge

Augmented Reality Authoring: AR authoring involves three phases namely; define
marker, add virtual content, and AR environment. BuildAR which is a marker-based
AR was used in developing the AR application. Sensors such as camera or webcam
detects the marker and displays the virtual content. In define markerphase, road signs
were used as markers. Figure 5 shows some of the markers that were used for the ROSE
courseware.

S0P ®

Fig. 5. Markers consisting of road signs

In add virtual content phase, videos were added as virtual contents for the AR appli-
cation. Researchers such as [23][19] have encouraged the use of video since it is the
most suitable form of multimedia element to convey information to low-literacy popu-
lations such as children. Video allows children to observe and imitate the behavior tasks
or actions [49]. Fig.6 shows a video explaining about the purpose of a stop sign. Once
all the markers have been defined and the virtual contents have been added and attached
to the specific markers, the final phase is the AR environment. Meanwhile, all the mark-
ers consisting of road signs were produced in the form of cards so that the users can use
them to view the virtual contents attached to the specific markers.

Fig. 6. Video explaining the purpose of a stop sign
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Multimedia Authoring: Multimedia authoringconsists of five phases namely; ac-
quire media, digitized media, edit media, import media and add interactivity. In acquire
media phase, all the contentsin the form of text, picture, sound and video related to RSE
were gathered from teachers, supplementary sources and internet. Next, the contents
were digitized for easy storage in digital formats. Pictures were saved in JPG format,
audios in mp3 format and videos in mp4 format. In edit the media phase, the digitized
media were enhanced using Adobe Photoshop for graphics, Audacity for sound and
Adobe Premier for videos. Next in the import media phase, all the digitized media were
imported into Adobe Flash to add special effects to improve the look and behavior.
Figure 7 shows a scene in the ROSE courseware that utilizes video.

Fig. 7. A scene in MM application that incorporates video

The final prominent phase is add interactivity which permits the users to interact
with the courseware. It consists of incorporating interactive features such as buttons
and links to the courseware. Fig. 8 shows the Main page of the ROSE courseware that
consists of interactive buttons and links.

2%
| g

Fig. 8. Main page of the ROSE Courseware
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Package Application: Package Application involves integrating VE, AR, and MM
into Adobe Flash to produce the ROSE courseware. Adobe Flash is a multi-platform
application for advanced interactive content [29]. Adobe Flash has seamlessly inte-
grated the VE application, AR application and MM application to form the ROSE
courseware. Fig.9 shows the pages that provide the links to the VE and AR applications.

Fig. 9. Links to the VE and AR applications

Testing and Debugging: Any new courseware needs to go through testing and de-
bugging process whether a commercial product or an enterprise or personal application
program. Testing involves identifying errors, which when removed will improve the
quality and reliability of the courseware. Meanwhile, debugging involves locating and
fixing faults (or bugs) in the courseware. For ROSE courseware, testing all the VE, AR
and MM applications is important to ensure that the courseware is functioning well
without any error. The following section discusses on the usability evaluation that has
been conducted among a sample of target users.

3 Usability Evaluation

Usability evaluation is considered part of the software development process [52].
Usability evaluation is a systematic process of data collection to better understand the
users and how the product is being used in performing certain task under stated condi-
tions [55]. Usability evaluation refers to the level of user's experience and satisfaction
when interacting with this courseware. It is about the usefulness of the courseware, the
quality of the information provided and the quality of interfaces. It provides the result
for the overall satisfaction of the user. This will provide answers regarding whether the
courseware was designed and developed according to the users’ requirements towards
the learning process. Also, it would ensure that the courseware credibility is previously
established and to validate it as a reliable application for RSE based on the curriculum.
Usability evaluation data on a particular learning application is essential in ensuring
and proving that any introduced solution has reached its objective or not.

Sample: For this study, a sample of 30 year four students was chosen using the pur-
posive sampling. It is a technique of taking sample based on criteria set by researchers
[63]. The number of samples was 30% from the totalyear four students in this school
which is 103. The number of samples fulfills the minimum number of samples of 30 as
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suggested by [16]. The usability evaluation was conducted in a primary school in
Sintok, Kedah, Malaysia.

Instrument: For the evaluation, the instrument used was Post-Study System Usability
(PSSUQ) questionnaire. PSSUQ covers three major dimensions in determining the usa-
bility aspects of a system namely; system usefulness, information quality, and interface
quality [34] as shown in Fig. 10. System usefulness covers the attributes of how the
user manages his/her tasks well and addresses the troubles or pleasures related to the
use [47] and uses ease of use, learnability and satisfaction attributes. Ease of use is the
level in which a personaccepts that using a specific system will be free from physical
and mental effort [ 18]. Learnability is when new users initiate effective interactions and
then reach maximum performance levels [51]. Lastly, satisfaction describes a user’s
subjective response when using the product. Meanwhile, information quality refers to
the substance of the messages and the syntactic relationships between them [34]. It uses
attributes that include; functionality, outcome/future use and errors/system reliability.
Functionality is the user's belief concerning the adequacy of the features of a product
from the opinion of an imagined demanding user [31]. Outcome/future use is the level
in which a personaccepts that his/her work will be improved [18]. Errors/system relia-
bility is the system’s ability to recover from errors, or the existence of serious errors
[59]. Lastly, interface quality measures the surface level presentation and physical in-
put/output components such as the readability of characters and graphics on the screen
as well as the properties of the buttons such as size, location, and feedback [31]. The
instrument uses a 5-point Likert scale labelled with 1-strongly disagree, 2-disagree, 3-
not sure, 4-agree and 5-strongly agree.

—’{ Ease of Use |

—;I System Usefulness I——b{ Leamability |
—P‘i Satisfaction |

—> Functionality

| Usability } - -
—;I Information Quality I——> Outcome / Future Use

L Errors/System Reliability

—»I Interface Quality I—DI Design / Layout I

Fig. 10. Usability Measurements and Attributes Relationship

Procedure: Prior to the evaluation, the ROSE courseware has been installed on 31
PCs equipped with webcam located in a computer lab. All the participants were briefed
on the use of the courseware and also the purpose of the evaluation. Special attention
was given on the use of the VE and AR applications of the courseware. The participants
were given approximately 30 minutes to be familiar with the interfaces and functional-
ity of the courseware. Next, another 30 minutes were given to them in answering the
questionnaire.
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4 Results

Demographic Characteristic: Table 1 shows the participant’s demographic data
whereby 13 male and 17 female participants participated in the evaluation. The partic-
ipants comprised of 25 Malays, 3 Chinese, 2 Indians, and 1 from other races.

Table 1. Demographic Data of Participants

Participant Profile | Frequency | Percentage(%)
Gender
1. Male 13 43
2. Female 17 57
Race
1. Malay 24 83
2. Chinese 3 10
3. Indian 2 6.7
4. Others 1 33

Reliability: Reliability is the consistency of a questionnaire in achieving the same
results [42]. Cronbach alpha (a) was calculated using SPSS 22.0 software in establish-
ing the reliability between the data item which evaluates the level of internal con-
sistency between various estimations of a measurement. According to [26] and [48],
the minimum value of a should be 0.7. The Cronbach alpha scores for all measurements
are shown in Table 2 which indicated that « for all measurements are greater than 0.7 and
they are reliable.

Table 2. Cronbach Alpha Values for All Measurements

Measurement Number Of Items Cronbach Alpha a
System Usefulness 8 0.900
Information Quality 7 0.870
Interface Quality 4 0.777

Descriptive Statistics

The purpose of descriptive statistics is to summarize the data so that they can be clearly pre-

sented [50][25]. Descriptive statistics reflect the participants' perceptions towards the use of the
ROSE courseware through the mean scores for all measurements. Table 3 shows the results for
System Usefulness, Information Quality, and Interface Quality.

Table 3. Mean Scores for System Usefulness, Information Quality, and Interface Quality

Measurement Mean
System Usefulness 4.26
Information Quality 4.19
Interface Quality 4.24

Conversion from Ordinal to Numerical Scale: The Likert scale used in the ques-
tionnaire is based on ordinal scale [28] and it is not suitable to assess the degree of
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participants’ agreement or disagreement with a statement [63]. This means that Likert
scale can only rate or rank the responsesand the range between responses is not quanti-
fiable. Meanwhile, numerical scale takes into account therange between responses and
categorized them as strongly disagree, disagree, agree and strongly agree with no neu-
tral position. Hence, numerical scale has been used to determine the level of partici-
pants’ agreement or disagreement toward a statement as recommended by [56]. In con-
vertingthe scale, the equation RS = (m - n) / b was used, where; RS is the score range,
m is the highest score on scale, n is the lowest score on scale, and b is the number of
group. The score range is 1 and the numerical scale based on the categories is shown in
Table 4.

Table 4. Numerical Scale

Numerical Scale Category
1-1.99 Strongly disagree
2-2.99 Disagree
3-3.99 Agree
4-5 Strongly agree

The descriptive statistics results of Table 3 show that the mean score for System
Usefulnessis 4.26, Information Qualityis 4.19, and Interface Qualityis 4.24. Since all
the measurements have mean scores of 4 - 5, all of them are categorized as strongly
agree according to Table 4. This proves that the children strongly agreed on System
Usefulness, Information Quality, and Interface Quality of the ROSE courseware. Sys-
tem Usefulness has thehighest mean score of 4.26 and Information Qualityhas the low-
est mean score of 4.19.

5 Conclusion

Road accident statistics continue to show high mortality and injury among children
in Malaysia. Children need to acquire the necessary skills to deal with complex traffic
situations so that they can form the right road safety culture in their life. Recognizing
the significance of road safety among students, road safety education has been intro-
duced to primary schools by the Ministry of Education in 2008 by incorporating into
the Malay Language subject. Several previous studies have shown that one of the most
effective teaching methods for road safety is to simulate almost real traffic conditions
to the children. This paper discusses the prototyping as well as the usability evaluation
of the ROSE courseware. The ROSE courseware has been developed to assist teachers
in conducting RSE in the classroom so that the students are able to understand and
acquire skills related to RSE. The courseware has been developed by combining inter-
active multimedia, augmented reality and virtual environment. The multimedia compo-
nent provides a powerful learning tool which breaks the conventional chalk and talk
form of teaching and provides the teachers with an impressive range of teaching re-
sources. Meanwhile the virtual reality component helps users feeling the sensation of
presencein a physical place with realistic images and sounds. Lastly, the augmented
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reality component features interactive real-time display which overlays information on
users’ real-world view. A usability evaluation was conducted among a sample of thirty
primary school students. It was conducted for the purpose of having a better under-
standing of the level of user's experience and satisfaction when interacting with this
courseware in terms of usefulness of the courseware, the quality of the information
provided and the quality of interfaces. The results revealed that the students strongly
agreed on all the three measurements. Findings from this study show a very encourag-
ing response among children on the use of the ROSE courseware for RSE. Further stud-
ies are needed to determine the effectiveness of the ROSE software in improving chil-
dren's learning performance for RSE.
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