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Mobile-AR
Dimension Kit

CONTEXT

Augmented reality (AR) and mobile techno-
logy is recognized as one of the leading pillars
that make up the technology ecosystem under-
pinning the Industry 4.0 digital transformation
(Leong, Cheah and Tee, 2021). Basically, AR is an
immersive technology that superimposes
interactional virtual objects or images to real
environments. The incorporation of virtual
elements into real surroundings enables the

viewer to interact with the text, image or sound.

Recently, the technology is widely applied in
civil infrastructure, with more than half of the AR
research and implementation studies between
2016-2020 focused on the construction domain
(Xu and Moreu, 2021). In technical and vocational
education and training (TVET), the use of mobile
augmented reality is promoted as a cost
reduction measure where expensive laboratory
equipment and supplies could be replaced with
virtual real-world

objects integrated into

elements.

IMPLEMENTATION OF THE PRACTICE

Mobile-AR Dimension Kit

In  Malaysia, the Civil Engineering
Department at Politeknik Sultan Azlan Shah
(PSAS) is using a self-developed augmented
reality application to help students visualize
the forms and dimensions of the retaining
wall. The Mobile-AR Dimension Kit was
developed to facilitate the learning among

architecture, engineering, and construction
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Overview

Implementing
Institution(s):

Politeknik Sultan Azlan Shah
(PSAS), Malaysia

Country and/or
Localities where
practice has been
implemented

Civil Engineering Department,
PSAS, Malaysia

Timeline/ Years:

2020— on-going

Target Group:

About 30-50 students

(1-2 classes) annually

Total cost in-
curred/resources
required:

Total Cost: US$ 3,454.00

Hardware: Tablets/
Smartphones and PCs/
Laptops (using existing tab-
lets /smartphones and PCs/
Laptops from department or
students).

Software:
Sketchup 2020 (Software)

2. Vuforia (Software)

. Unity (Software)

Renew License a year for
Vuforia - US$3,000.00
(Academic purpose). Free
trial available for individu-
al use https://
www.ptc.com/en/
products/vuforia/vuforia-
engine/pricing

Renew license for Unity a
year - US$399.00 (Team
package). Unity is free for
educators at accredited
educational institutions.
(https://unity.com/
products/unity-

educator or https://
unity.com/learn)

Sketchup 2020 renew
license a year -
US$55.00 (Educator
Package). Free and re-
duced cost versions
available for students and
educators (https://
www.sketchup.com/try-
sketchup)




(AEC) students who cannot visualize and
differentiate the basic position, location of the
retaining wall and the elements of concrete,
formwork, and reinforcement bar in 2D and 3D
drawing dimensions.

Aims and Objectives

The Mobile-AR Dimension Kit is implement-
ed in the Building Works Measurement 3
(DCQ30174) course to:

e improve students’ visuadlization in the

retaining wall

e enhance understanding and learning of
conceptual elements in the retaining wall

e enrich student learning experience in
retaining wall construction

o develop students’ cognitive, psychomotor,
and affective learning outcomes

Development Process

The Mobile-AR Dimension Kit is designed
using several ‘Augmented Reality’ (AR)
softwares; Google SketchUp, Vuforia and
Unity (see Figure 1). Sketchup software is used
to develop the suitable 3D object element or
structure. Vuforia software is used to register
the image target in providing the license key
to create the image for the AR 3D object. Unity
software is used for creating the AR 3D object
on the image target and process the AR 3D
object into the android package kit (APK) and
distributed for student download.

The content developed include notes and
references which students can access any
time, anywhere, any mode; whether at home,
class, online or offline.
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Existing 2D Drawing
(Issues & Problems)

A

Build 3D model of Pad
Footing
(Google Sketchup)

v

License Key to create
Image Target
(Vuforia)

l

3D model editing & Image
Target & Scene
(Unity)

v
Build & Setup Android

APK (JDK & SDK)
(Unity)

v

Android APK test run
(Android Smartphone)

Figure 1. AR Retaining Wall Design Process

Step 1: Sketch and draw AR Retaining Wall

For the augmented reality (AR) of a retaining
wall, a 3D sketch concept containing elements
of the retaining wall is created using SketchUp
software application (see Figure 2). Any
version is usable.

Step 2: Form and add dynamic content to
augment target image

Use Vuforia software application to form the
target image.

Step 3: Edit target image and 3D model
Continue the editing process on the target
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image and 3D model using Unity software. Scan the drawing plan of Retaining Wall with a
smartphone or tablet to generate the 3D form

Step 4: Access 3D models of Retaining Wall (see Figure 3).

Download Vuforia APK (android or iOS

smartphones) and install the APK Retaining

Wall into the device (Smartphone or tablet).

RETAINING WALL MENU
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CQ303/RETAINING WALL/QS/02

Figure 2: Drawing concept of the AR Retaining Wall
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Figure 3: 3D AR Retaining Wall viewed on smartphone
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Teaching and Learning with Mobile-AR
Dimension kit

The students will be guided to download
the Vuforia Android Package Kit (APK) at
Google play store and then install the
Retaining Wall APK in their device
(smartphone or tablet).

After installing the Retaining Wall APK,
students scan the drawing plan of the
Retaining Wall using their smartphone or
tablet to generate the 3D form of retaining
wall, and view the AR image of the retaining
wall. Students will be able to visualize and
learn the reinforcement position in the
retaining wall, the formwork position, and the
arrangement of reinforcement bar in the

retaining wall.

The idea of learning using mobile
augmented reality (AR) technology is to
introduce a more interactive and interesting
approach for the subject while engaging
students in cognitive, psychomotor, and
affective learning.

IMPACT OF IMPLEMENTATION

Mobile-AR
Dimension Kit received good feedback from

The implementation  of

industry, academia and students. Among
which are:

e “AR in education helps students achieve
better results through visualization and full
immersion in the subject matter”

e “Using augmented reality in the classroom
can turn an ordinary class into an
engaging experience. AR technology
provides virtual examples and adds
gaming elements to support textbook

Mobile-AR Dimension Kit — Good Practice

materials. As a result, classes become
more interactive. AR helps students better
remember the information they've just
learned”

e “This AR kit is really helpful to the student to
improve their knowledge through 3D
drawing and useful to student to under-
stand the drawing very well”

o “Retaining Wall AR is very useful for student
to visualize from 2D to 3D form. It makes us
excited to learn with the interactive
function especially the lean gesture mode”

Compared to normal teacher-directed
explanations using text modules, this
methodology is a more immersive and
informative approach of experiential learning
using mobile augmented reality (AR) techno-
logy. Students can visualize the forms and
dimensions of the retaining wall, as close to
the real retaining wall  structure.

For example, students can visualize the
positioning of retaining wall elements such as
reinforcement, lean concrete, concrete,
drainpipe, softboard and weepholes, without
needing to build the real structure. Repeated
visualization and examination is found to
engage students in seeking deeper under-
standing about the structure and functions
within the retaining wall.

The Mobile-AR Dimension Kit practice was
useful for implementation for online distance
learning, for example during COVID-19
pandemic situations where social distancing
measures are being imposed. Students were
able to access the notes, references and
visualize the AR images related to the topic,
continuous

enabling learning  across
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boundaries of space, time and pace.

REPLICABILITY

Mobile-AR Dimension Kit is an example of a
customized digital teaching and learning
resource developed using common mid-
range  specification laptop or  PCs,
recommended softwares such as Sketchup,

Vuforia, Unity; and mobile smartphones.

Based on the successful implementation in
Polytechnic Sultan Azlan Shah (PSAS) in
Malaysia, it is recommended for further
replication in other architecture, engineering
and construction courses. Other than that, it

could be replicated in any technical course
through customizing the development of
specified digital content.

For department or faculty-wide imple-
mentation, the Mobile-AR Dimension Kit
practice involves different stakeholders such
as academic leaders, lecturers and students.

Students require lecturer guidance to
access the AR app to complete in-class
and out-of-class assignments, portfolios,
complete pre and post evaluations, question-
naires and quizzes.

Academic Leader Lecturer
PLANNING Approve the course outline, the Design the teaching and learning
learning objectives and outcome for the relevant topic
IMPLEMENTATION Review the teaching and learning Carry out the lesson plan based on
plans and steps the course outline (For online
learning, use an LMS eg. MS Team)
MONITORING Monitor the teaching and learning Conduct lesson observation and
performance administer surveys to the students
EVALUATION Evaluate the teaching and learning | Design quizzes and survey
performance questionnaires to collect student
feedback

LESSON LEARNT AND FUTURE LOOK

The implementation of  Mobile-AR
Dimension Kit helped to improve the teaching
and learning experience in the Civil Engineer-
ing Department, Politeknik Sultan Azlan Shah.
The lecturers were able to innovate their

teaching practice using emerging techno-
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logy, providing learners with more engaging
and authentic learning experiences from

traditional text modules.

Lecturers were able to facilitate learners in

the understanding of subject content
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knowledge such as the construction
processes and retaining wall structure

elements through better visualization.

With learning resources accessible via the
mobile application; shared via a link or posted
on a learning management system, a
continuous mobile learning experience is
promoted where students could learn
anywhere and anytime.

The Mobile-AR Dimension Kit
implementation during and post-COVID
introduced additional lesson planning and
design on a learning management system
(LMS). This is in addition to possible
challenges of extracting industrial domain
knowledge and preparation of reality model,
which entails some challenges to teacher
preparation for a different delivery modality.
Nonetheless, the practice was proving
valuable in terms of time and cost economy
where multiple site visits are reduced, saving
time and expenses from travel and its

planning.

CONCLUSION

As students commonly find science
subjects to be abstract and requires a depth
of understanding and visualization skills
(Gilbert, 2004), augmented reality techno-
logies such as Mobile-AR Dimension Kit could
be adapted in the classrooms and used in

parallel with existing  content and teaching

methods to support the learning process. Its
application could potentially contribute to
improved learning gains, learner motivation,

attitude and engagement.

Additionally, as we progress into the
Industry 4.0 era, AR-based technologies
should be introduced in technical and
vocational education and training (TVET) to
prepare the future workforce for revolutionized
work practices in real world smart industries

and manufacturing.
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