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Abstract—Welding is an introductory core subject that is taught in every 
mechanical engineering programs at all polytechnics in Malaysia. Normally 
students will learn the theoretical concepts of welding in the class followed by 
instruction-based training in the workshop. However, students have difficulty to 
follow everything that has been taught in the class in a limited time. Welding is 
dangerous for beginners and the welding environments are harmful and 
injurious to the health. In this paper, we introduce Mobile Arc Welding 
Learning (MAWL) app, a new approach for learning arc welding that 
incorporates mobile technology and enhanced with augmented reality (AR). 
The aim of this app is to enhance the contents used in arc welding learning 
materials used in the conventional learning by visualizing the information 
through the use of text, images, videos and 3D models. The MAWL app covers 
topics related to safety in welding, components of welding and steps in welding. 
The students can use the app to learn about welding on their own anytime and 
anywhere. The potential of using the MAWL app for welding learning among 
the polytechnic students has been investigated, specifically focusing on ease of 
use, learn ability, satisfaction, usefulness, motivation and engagement. The 
results of the evaluation indicate that the users strongly agreed on ease of use, 
learn ability, satisfaction, usefulness and motivation, while they agreed on 
engagement. These prove that the MAWL app has the potential to contribute to 
students’ welding learning through interactive and accessible information that 
satisfies them. 

Keywords—Mobile Learning, Augmented Reality, Arc Welding Learning, 
TVET, User Evaluation. 

1 Introduction 

Technical and Vocational Education and Training (TVET) includes general 
education, technologies study of practical skills, attitudes, and knowledge relating to 
jobs in different economic sectors (Tripney & Hombrados, 2013). Under the 2019 
Budget, the Malaysian Government provided about RM30 million for TVET and 
RM20 million for Bootcamp Program related to TVET in order to enhance youth 
competence (Astro Awani, 2018; Berita Harian Online, 2018). Furthermore, the 
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Minister of Education, Dr. Maszlee Malik said the allocation provided for TVET is 
important because the government found that those with skills potentially got a better 
job (Free Malaysia Today, 2018). TVET is expected to address the economic, social 
and environmental demands by helping young people and adults to develop their 
abilities that are needed for their job and entrepreneurship (The Star Online, 2016). 
According to the Malaysia Education Blueprint 2013-2025 Preliminary Report, 
vocational education provides students for career that requires expertise in a particular 
technique and these career consisting of technical or vocational skills, while technical 
education prepares students to higher levels of education (Kementerian Pendidikan 
Malaysia, 2012). Hence, Polytechnic, Higher Learning Institutions and Community 
Colleges provided TVET education for students where they can learn and train by 
doing lots of hands-on works to hone their skills. 

In Malaysia, Polytechnic is one of many higher educational institutions responsible 
for providing TVET programs. Currently there are 34 polytechnics throughout 
Malaysia and they offer various levels of education ranging from certificate up to 
degree programs. For students enrolling in the Mechanical Engineering programs at 
any Polytechnics in Malaysia, they have to take various courses related to the field 
including theoretical and practical trainings which include welding as an introductory 
core subject. In the early stage, the students will learn the basic of welding which 
include gas and arc. While in the advanced stage, they will learn to use more 
advanced welding techniques that include; tungsten inert gas (TIG) and metal inert 
gas (MIG). Normally the students are trained in welding through the conventional 
methods which include PowerPoint slides, paper-based lecture notes and instruction 
based training (IBT). IBT guides students in using the welding equipment through 
step-by-step explanation about the procedures in the workshop. Prior to IBT, normally 
the explanation is done in the class. However, this approach results in some of the 
students to be unable to take part in some of the lessons or miss the training material 
provided by the lecturer. In addition, the common problem that dwells around the 
current learning environment is that the students have difficulty to follow everything 
that has been taught in the class in a limited time (Mahamad et al., 2010). If the 
students are not able to properly follow all the steps involved in the welding process, 
this might jeopardize the process as well as their safety. This is because welding 
training is dangerous for beginners because of lack of skills, time-consuming and 
requires proper equipment, tools and materials (Hashimoto, 2015). The welding 
working environments are harmful and injurious to the health with strong arc light, 
sparks, fumes, and ultraviolet ray (Wang et al., 2006). For such situation, it is helpful 
if the students are well prepared in terms of the required information needed prior to 
IBT. As such, the students need to explore alternative ways to fully understand and be 
able to follow the steps on their own. 

There are various supplementary learning approaches for welding and that 
includes; books, websites, and YouTube. Hence, an innovative approach of learning is 
required to allow the students to be able to follow step-by-step instructions on the 
operation of the welding equipment. This is because, it is important for students to 
have the technological knowledge and experience in welding, hand skills and training 
in welding joints (Oz et al., 2012). This will ensure that the welding process is done 
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correctly and also the safety of the students is taken care off. The new learning 
approach must also provide comprehensive information about the welding process in 
order to facilitate the students during revision. 

Mobile technology has been one of the most important elements to most people in 
their every day’s life. It is not being used just for communication alone, but its usage 
has grown and expanded whenever various applications have been developed 
specifically for it. Mobile technology has been used extensively in education (Sanusi 
et al., 2018; Shamsuddin et al., 2018; Yahya, et al., 2018), healthcare (Al-Hasnawi et 
al., 2016; Qasim et al., 2018a; Qasim et al., 2018b; Qasim et al., 2015), advertising 
(Idris et al., 2018; Zulkifli et al., 2016; Hadiwardoyo, et al., 2018) and many more. 

This paper introduces Mobile Arc Welding Learning (MAWL) app, a welding 
learning approach through the use of mobile learning application implemented with 
AR and also examines students' perception on using this app in terms of ease of use, 
engagement, learn ability, satisfaction, usefulness and motivation. It is structured as 
follows. In section II, we discuss the literature review on Technical and Vocational 
Education and Training (TVET), Mobile Learning, Augmented Reality and Welding. 
Motivation and MAWL App. In section III, we describe briefly on the MAWL app. 
The methodology is presented in section IV, while section V discusses the results and 
finally, the conclusion is established in section VI. 

2 Literature Review 

In this section we discuss some of the important topics of past literatures that are 
related to the study which include; Technical and Vocational Education and Training, 
Mobile learning and Augmented Reality. 

2.1 Technical and vocational education and training 

TVET refers to those aspects of the educational process involving, in addition to 
general education, the study of technologies and related sciences, and the acquisition 
of practical skills, attitudes, understanding and knowledge relating to occupations in 
various sectors of economic and social life (UNESCO, 2004). TVET is defined as the 
building skills needed for a particular kind of occupation or job (Zelloth, 2014) 
whereby its main goal is to personalize and individualize instructions (Natarajan, 
2016). TVET develops ways of learning and the acquisition of attitudes that facilitate 
success in the workplace (Ngure, 2013). TVET is provided by public and private 
sectors aimed at making the students gain practical knowledge and technical know-
how which are essential for securing employment in a specific field, which includes 
trade or group of vocations (Nyerere, 2009). Malaysia has declared 2017 as the Year 
of TVET in an effort to achieve a high-income nation status by 2020 (Astro Awani, 
2017; Leong, 2011; The Sundaily, 2015). The labour demand is expected to increase 
to 3.3 million of which 1.3 million are TVET graduates by 2020 (Ismail & Abiddin, 
2014). Malaysia needs knowledgeable and skilled workforce to support and drive the 
economy. Currently, with the growth of labour at 2% per annum and if no drastic 
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action taken by the Malaysian government in producing marketable TVET graduates, 
Malaysia will not be able to meet the demand for human capital with an estimated 
shortage of 350,000 by 2020 (Economic Transformation Plan, 2014). 

2.2 Mobile learning 

Now people spend a lot of their time with their mobile devices. Mobile devices are 
not limited just to making calls, SMS, e-mail, and WhatsApp, but they are also used 
for a plethora of applications. This development has led to a new form of learning 
through the use of mobile technology in education that has changed the way people 
think and process information which is known as mobile learning (Ge & Ifenthaler, 
2018). Mobile learning is the use of simple devices like smartphones, tablets, iPods, 
and PDAs for the purpose of learning and education (Abachi & Muhammad, 2014). 
Mobile learning is able to meet the basic needs of learning as it provides an engaging 
learning environment for students (Carvalho et al., 2015; Connolly et al., 2012; 
Crookall, 2010; Sandholtz, 1997). Mobile learning has several features in learners’ 
support which include; mobility, freedom and self-study, availability, facilitating 
student and teacher interaction, and information sharing (Bidin & Ziden, 2013; 
Ozdamli & Cavus, 2011; Viberg & Grönlund, 2013). Mobile learning based on 
ubiquitous technology may be considered as part of a progress towards discovery 
based learning (Lugmayr, 2017; Wouters, 2013). The use of mobile learning can 
enhance students’ learning interest (Ebner & Holzinger, 2007) and increase their 
motivation (Burguillo, 2010; Dickey, 2011). Mobile learning technology has the 
potential to enhance the knowledge, skills and performance of the students through 
informal learning (Hwang & Wu, 2012; Camilleri & Camilleri, 2017). Mobile 
learning has positive impact on students of higher learning institutions in terms of 
their attitudes towards learning and their perceptions in accessing the learning 
activities (Abachi & Muhammad 2014; O'bannon and Thomas 2014). Mobile learning 
can overcome the limited face-to-face time that lecturers have with students in a 
classroom (Suprianto et al., 2019). It also provides benefits not only to students but 
also lecturers whereby they can access the learning materials anytime and anywhere 
and the students can get additional teaching and learning materials not limited during 
class hours only (Suprianto et al., 2019). However, the use of mobile learning in 
TVET education is still lagging behind. 

2.3 Augmented reality 

Augmented Reality (AR) is one of the technologies that can be applied in 
education that helps students to learn more effectively and increase retention of 
knowledge (Billinghurst & Dünser, 2012). AR is a combination of real world and 
digital data (Siltanen, 2012). AR superimposes virtual objects and real images, thus 
producing a composite view. By doing so it enhances the reality of an image that is 
viewed through a device such as a smartphone (McMillan, Flood, & Glaeser, 2017). 
Virtual objects in the form of text, image, video, and 3D model can be superimposed 
onto the real image which can be manipulated by the user via physical manipulation 
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(Billinghurst & Dünser, 2012). AR involves the use of a camera to capture the image, 
recognizing by marker and adding virtual elements by the software and the projection 
of these elements actually associate virtual and real elements in an augmented reality 
time (Okimoto et al., 2015). AR consists of marker-based AR and location-based AR. 
Marker-based AR requires specific image to register the 3D object’s position on the 
real-world image (Cheng & Tsai, 2013). Location based-AR uses Global Positioning 
System (GPS) data where location is identified and then overlay computer-generated 
information onto the real image of the mobile device (Cheng & Tsai, 2013). AR is 
suitable for use in various educational environments and many AR applications have 
been successfully developed to enhance learning in language (Ramya & Madhumathi, 
2017; Yang & Mei, 2018), science (Gopalan et al., 2015; Gopalan et al., 2018) and 
TVET (Sing & Annie, 2018; Ali, Johari, & Omar, 2017). AR enables learners to 
engage and motivate in exploring materials from diverse perspectives that are 
impossible in the real world (Kerawalla et al., 2006). According to (Lee, 2012), some 
researchers have suggested that virtual and augmented reality can increase motivation 
of learner in learning and improve their educational realism-based practices. The use 
of AR can increase motivation, attention, satisfaction and concentration to learn 
something in the education environments (Diegmann, 2015). 

3 Mobile ARC Welding Learning (MAWL) App 

The Mobile Arc Learning Welding (MAWL) app has been specifically developed 
for the Mechanical Engineering students of Polytechnic Tuanku Syed Sirajuddin who 
were learning arc welding as one of their core subjects. The app has been developed 
as a supplement to the conventional learning approach in the class prior to the IBT in 
the workshop. This app provides additional information related to arc welding through 
the use of multimedia elements comprising of texts, images, videos and also 3D 
models. In addition, the app has been enhanced with augmented reality aimed at 
attracting students to use the app in welding-related learning. Meanwhile, the MAWL 
app is meant to be used by the students whenever they need to learn on their own in 
the absence of the lecturer at home or outside the class. Through the use of the app, 
the students are able to access a more comprehensive as well as interactive 
information regarding safety in welding, components of welding and steps in welding 
as shown in Fig. 1. The Safety in Welding button enables user to read information 
pertaining to the protective equipment as shown in Fig. 2, precautions that should be 
taken before and after welding and also the potential hazards while welding. The 
Components of Welding button provides the equipment for welding that include; 
power source AC/DC, electrode holder and cables, welder protection and tools as 
shown in Fig. 3. The user can click on the equipment in order to display more detail 
information pertaining to it. Lastly, the Steps in Welding button provides information 
regarding the steps to be taken before starting the welding process, steps in starting 
the arc welding process and welding defect as shown in Fig. 4. For each step, detail 
information in the form of text, image and video is provided. In this section also, 
augmented reality is being implemented to make the app more interactive to user. 
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Fig. 1. The main interface of the MAWL app 

 
Fig. 2. The interface for protective equipment 
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Fig. 3. The interface for components of welding 

 
Fig. 4. The interface for steps in welding 

The MAWL app has been developed for Android smartphones using Unity 3D and 
Vuforia. The app is aimed in providing interactive information beyond that of 
conventional learning approach pertaining to welding. The app incorporates marker-
based augmented reality where specific markers are used to activate the virtual 
objects. Fig. 5 shows two of the markers used for the MAWL app. Each marker 
consists of an image specifically selected to represent the virtual object that will 
appear on the smartphone’s screen overlapping the actual scene whenever the marker 
is scanned through the smartphone’s camera. Altogether, eight markers will be used in 
the app. Black and white images were chosen for the markers since they are much 
easier to be detected under various lighting conditions (Siltanen, 2012). 
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Fig. 5. Sample of MAWL app markers 

4 Method 

4.1 Research model 

The aim of the MAWL app is to provide interactive information through the 
utilization of mobile learning and augmented reality to students beyond that of 
conventional welding learning approach. Thus, this study was conducted to evaluate 
the students’ perceptions of the use of the MAWL app in terms of ease of use, 
engagement, learn ability, satisfaction, usefulness and motivation. The research model 
for this study is shown in Fig. 6. 

 
Fig. 6. Research model 

4.2 Participants 

The participants for this evaluation were mechanical engineering students from 
Politeknik Tuanku Syed Sirajuddin and their ages were between 19 to 20 years old. 67 
students participated in this evaluation and the sample size fulfills the minimum 
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number requirement as stated by Coakes & Steed (2007). The samples were selected 
based on the convenience sampling, a technique of selecting the participants from the 
population based on accessibility and ease of selection (Groebner, Shannon, Fry, & 
Smith, 2013). 

4.3 Instrument 

For the evaluation, a set of questionnaires has been used as an instrument. The 
instrument was adapted from previous validated instruments and consists of several 
measurements that include; ease of use, engagement, learn ability, satisfaction, 
usefulness and motivation. Ease of use is the degree to which a person believes that 
using a system would be free of effort (Davis, 1989). Perceived ease of use refers to 
the system whether it is easier to be used, save energy and has the intention to be used 
repeatedly (Nasution, 2004). Engagement is the degree to which the user has a sense 
that he/she is deeply involved in the environment (Bierbaum et al., 2001). Learn 
ability is the degree to which a user believes that using the application would be easy 
to learn and enhance his/her learning ability (Lin, Choong, & Salvendy, 1997). 
Satisfaction is the degree to which a user believes that the possession and/or use of a 
service evokes positive feelings (Rust & Oliver, 1994). Usefulness is the degree to 
which the user believes that using the technology will enhance their performance 
(Davis, 1989). Lastly, motivation is the degree to which user believes an act that 
encourages someone to do some action (Guay et al., 2010). The instrument for the 
evaluation consists of two sections namely; Demographic profile of students and 
Student’s Perception of the use of the Mobile Arc Welding Learning app. A 5-point 
Likert scale anchored by Strongly Disagree (1) and Strongly Agree (5) was used. 

4.4 Procedure 

Prior to the evaluation, the participants were given a brief explanation about the 
purpose of the study as well the functions and interfaces of the MAWL app. They 
were given approximately 15 minutes to answer the questions. After that, the APK of 
the MAWL app were distributed among the participants in order for them to install 
the app on their mobile devices. The students were given a week (7 days) to use the 
app to allow them to familiarize with the functions of the app. After a week, the 
participants were given a set of questionnaires for the purpose of evaluating the 
participants’ perceptions of the use of the MAWL app. 

5 Result 

5.1 Demographic characteristic 

67 mechanical engineering students from semester 1 were chosen as participants 
for the evaluation. 31 of them were male and another 36 were female. The 
participants’ ages were between 18 to 20 years old. All the participants were studying 
the welding subject as one of their core courses. 
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5.2 Reliability analysis 

In order to ensure the consistency or stability of the items in an instrument, the 
reliability analysis was conducted (Sekaran, 2003). The Cronbach alpha (α) scores for 
all the attributes were calculated using SPSS version 22.0. Table 1 shows the 
Cronbach alpha scores for all the attributes whereby ease of use has a Cronbach alpha 
of 0.853, engagement has a score of 0.829, learn ability has a score 0.852, satisfaction 
has Cronbach alpha of 0.898, usefulness has a Cronbach alpha of 0.872 and lastly 
motivation has a Cronbach alpha of 0.877. Since all the attributes have Cronbach 
alpha values greater than 0.7, this proved that all the attributes are reliable (Nunnally, 
1978; Hair, 2006). 

Table 1.  Cronbach Alpha Values for All Attributes 

Attributes Number of Items Cronbach Alpha α 
Ease Of Use 6 0.853 
Engagement 4 0.829 
Learnability 4 0.852 
Satisfaction 5 0.898 
Usefulness 6 0.872 
Motivation 6 0.877 

5.3 Descriptive statistics 

In order to understand the users’ perceptions toward the use of the MAWL app, the 
descriptive statistics analysis was conducted to determine the mean and standard 
deviation scores for each attribute using SPSS version 22.0. Table 2 shows the 
descriptive statistics for all the items and attributes. 

The five-point Likert scale was used as a basis to determine the mean scores for all 
the attributes and items. However, as suggested by Qasim et al., (2018b), in 
determining the participants’ level of agreement or disagreement with the presented 
statements, numerical scales are normally used instead of Likert scale. According to 
Sugiyono (2010), numerical scale is based on measuring the distance between 
numbers of positions whereby the positions have to be classified into two directional 
categories (strongly disagree, disagree, strongly agree and agree) without neutral 
position. Thus, Sugiyono equation was used to calculate the interval range of Likert 
scales by performing the mathematical equation as follows: 

RS = (m - n) / b 
Whereby; 
RS = Score range 
m = highest score on scale 
n = lowest score on scale 
b = number of classification 
RS = (5-1)/4 = 1 
Thus, a numerical scale anchored with 1 to 1.99 for strongly disagree, 2 to 2.99 for 

disagree, 3 to 3.99 for agree and 4 to 5 for strongly agree was used. Based on the 
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numerical scale, the results of the descriptive statistics analysis indicate that the mean 
scores for ease of use is 4.03 (strongly agree), engagement is 3.93 (agree), learn 
ability is 4.07 (strongly agree), satisfaction is 4.05 (strongly agree), usefulness is 4.03 
(strongly agree) and lastly motivation is 4.01 (strongly agree). The results showed that 
the participants strongly agreed on ease of use, learn ability, satisfaction, usefulness 
and motivation and agreed on engagement. Learn ability has the highest mean score 
of 4.07 while engagement has the lowest mean score of 3.93. 

Table 2.  Descriptive Statistics for All Attributes 

Attributes and Items Mean SD 
Ease of Use 4.03  
MAWL was easy to use individually 4.09 0.596 
MAWL was suitable for learning about welding 4.13 0.600 
MAWL was suitable as a revision tool for welding 4.10 0.606 
Augmented Reality was suitable for personal use 3.87 0.694 
Steps in using MAWL were easy to remember 3.93 0.611 
Augmented Reality has made revision for welding easy 4.06 0.672 
Engagement 3.93  
MAWL attracted me to study welding for a long time 3.96 0.706 
MAWL allowed me to review the welding repeatedly 4.09 0.668 
MAWL made me to study welding for a long time 3.73 0.898 
Mobile Augmented Reality increased my involvement in welding learning 3.93 0.681 
Learnability 4.07  
It was easy to learn to use MAWL 4.12 0.537 
Information provided by MAWL was easy to understand 4.12 0.508 
Information provided by MAWL helped me in learning welding 4.12 0.537 
Using MAWL was reasonable for my study 3.94 0.537 
Satisfaction 4.05  
I was satisfied in using MAWL 4.03 0.651 
I was satisfied with the information obtained from MAWL 4.13 0.600 
I was satisfied with MAWL's teaching method 4.09 0.596 
I was satisfied with the learning environment available on MAWL 4.04 0.589 
I was satisfied with the overall effectiveness of learning 3.94 0.672 
Usefulness 4.03  
The use of MAWL allowed me to finish welding learning faster 4.01 0.663 
The use of MAWL could improve my learning performance 4.01 0.590 
The use of MAWL in welding learning could increase my productivity 4.07 0.586 
The use of MAWL could improve the effectiveness of welding learning 4.00 0.651 
The use of MAWL made my learning easier 3.99 0.663 
I like to learn welding using MAWL 4.09 0.543 
Motivation 4.01  
MAWL was easy to use 4.09 0.596 
MAWL enhanced my involvement in welding learning 4.10 0.554 
I enjoyed the welding learning for a long time 3.93 0.659 
Welding learning becomes more fun by using MAWL 3.96 0.684 
MAWL enhanced my motivation to achieve excellence in welding learning 4.00 0.674 
MAWL encouraged me to pursue higher education and careers related to 
welding in the future 4.01 0.685 
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6 Conclusion 

This paper introduced a Mobile Arc Welding Learning (MAWL) app that has been 
specifically developed for the Mechanical Engineering students of Polytechnic 
Tuanku Syed Sirajuddin who were learning arc welding as one of their core subjects. 
The app has been developed as a supplement to the conventional learning approach in 
the class. This app is intended for the students to learn and understand about arc 
welding prior to their IBT in the welding workshop. This app provides information 
related to arc welding through the use of text, image, video and also 3D model. The 
app has been enhanced with augmented reality aimed at motivating the students to use 
the app in welding-related learning. 

Basically, the app covers topics related to safety in welding, components of 
welding and steps in welding. It is important to stress on safety since the welding 
process produces fume which is harmful to welder’s health. This paper also elaborates 
on the user evaluation of the MAWL app. The main purpose of the evaluation is to 
determine the users’ perceptions of the use of the MAWL app as a supplementary 
learning tool for arc welding. The results of the user evaluation showed that the users 
strongly agreed on ease of use, learn ability, satisfaction, usefulness and motivation, 
while they agreed on engagement. The results of this study proved that users are 
responding well to the use of mobile technology along with augmented reality as a 
supplementary tool for welding learning. This indicates that mobile augmented reality 
has the potential to be used more widely in Technical and Vocational Education and 
Training as it involves not only theoretical learning but also combined with practical 
works. 
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