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Virtual reality and three-dimensional modelling technologies are mainly used in industry in many 
aspects. The automotive industry is considered as the initial group that uses virtual reality 
technologies. However, without adopting advanced technology, the automotive industry cannot 
compete with its global competition. In this study, six automotive companies in Malaysia were selected 
as case study to verify the virtual reality adoption capability. A total number of 240 questionnaires were 
distributed among the six car companies in Malaysia and 153 people responded to the questionnaires. 
For analysing, Pearson chi-square test was conducted followed by frequency analysis on the 
respondents’ answers. The analysis showed that 54% of industry respondents have stated that existing 
technology is not enough while 83.7% of them showed tendency towards adoption and improvement 
with new technology in which virtual reality was found as the best option that can be adopted to 
different sections of automotive manufacturing industry. The results also revealed that manufacturing, 
designing, ‘planning and research’ and engineering departments are the appropriate areas for 
implementing virtual reality technology. 
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INTRODUCTION 

 
The automotive industry pioneered the utilisation of the 
VR technology and the other sectors such as suppliers, 
constructions, powerhouses, health and diagnosis, etc., 
went behind (Gusikhin et al., 2007; Amditis et al., 2008). 
One of the highlighting points of using VR technology is 
its remarkable effect on designing procedure and 
production process in industry. The importance of VR 
adoption   to   the   automotive   industry   has   gained  a 
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Abbreviations: 3D, three dimensional; VR, virtual reality; VE, 
virtual environment; OEM, original equipment manufacturers; 
CAE, computer-aided engineering; OICA, international 
organisation of motor vehicle manufacturers; TIP, total industry 
production; TIV, total industry volume; DMU, digital mock-up; 
Cave, cave automatic virtual environment; HMD, head mounted 
display; R&D, research and development. 

common agreement among the researchers and 
practitioners. To comply with this statement, some of the 
literatures are reviewed as follows. Different aspects of 
VR technology adoption in industry are argued in the 
literature, for instance, Zimmermann et al. (2008) have 
stated that VR helps to take part in decision-making 
procedure by providing virtual prototype of new vehicles 
before making their physical components. It is also 
capable to communicate instantaneously between 
engineers and virtual models which provide intuitive 
analysis and presentation through Three-Dimensional 
(3D) systems. Faieza and Mousavi (2009) have 
mentioned the use of VR technology in manufacturing 
application as a layout planning to allow avoiding costly 
mistakes in the planning and building processes. The 
exponentially increasing sophistication of modern 
vehicles, seemingly, is accompanied by a growing 
complexity within product development, manufacturing, 
supply chain and logistics processes that are the lifeblood 
of   the   modern   automotive  company  (Mousavi  et  al., 



 
 
 
 
2009). Various parts of this chain is studied by 
researchers and the developments gained are presented 
to the industry. In this regard Vogt et al. (2005) have 
worked on ergonomic interior design of a vehicle using 
virtual prototypes and the use of virtual manikins in the 
automotive domain and particularly in the interior layout 
of the vehicles. 

A research of Guo and Zhou (2007) is another 
landmark in VR technology development in automotive 
industry where they have given a modified VR-based 
model of virtual test technology to solve some problems 
regarding nanometer-scale or large-scaled machineries, 
machine parts‟ faults and failures and many other 
problems. In a comparative study between VR and CAD, 
Bordegoni et al. (2007) discussed that VR utilisation 
demonstrates more beneficial features than typical CAD 
in a mixed environment. The productions of automotive 
industry especially the motor vehicles are growing very 
fast in last few years. According to International 
Organisation of Motor Vehicle Manufacturers (OICA), the 
total production of vehicles was 69,222,975 in the world 
in year 2006 which increased 4.1% over the previous 
year. The increase for 2007 was more modest, 2008 and 
2009 showed a decline and again the total production of 
passenger car increased in year 2010 (OCIA, (2011). 
Automotive industry in Malaysia, including four passenger 
and commercial vehicle manufacturers and nine motor 
vehicle assemblers plays a key role in Malaysian 
economy providing livelihood for more than 200,000 
people (Haji and Shahadan, 2009). Launch of the 
National Car Project, PROTON started in 1984 (Rosli, 
2006). After the success of the first national car, 
Perusahaan Otomobil Kedua Sdn. Bhd. (PERODUA) was 
established in October 1992 (Arshad, 2001). Despite the 
growing influence of international brands, the competitive 
position of these two domestic producers has remained a 
key focus for the Malaysian industry in recent years, 
although their combined market share declined in year 
2008. 

The production trends of automotive in Malaysia also 
were like whole world. From 2010, it was expected a 
return to positive annual growth in new vehicle sales, 
although at a slow pace initially but double digit increases 
in total industry production (TIP) and total industry 
volume (TIV) meant a recording breaking year in 2010. 
Forecast for 2011 by MAA is that the TIV would hit a 
record up to 2.1% based on the current industry 
momentum (MAA, 2011). The afore-mentioned 
researches on VR potentials imply that the automotive 
industry can improve its productivity with applying the 
new technologies like VR. According to the stated 
developments and benefits of VR application at automo-
tive industry and the importance of this industry in 
Malaysia, this research aims to verify the VR adoption 
capabilities in Malaysian automotive industry. To this end, 
the technology adoption opportunities and requirements 
in different sections of the industry are discussed.  

Mousavi et al.          159 
 
 
 
METHODOLOGY 
 

Respondents 
 

After studying about automotive manufacturing industry in Malaysia, 
six car companies which are named Companies A, B, C, D, E and F 
were selected as the main source of data. The primary and 
secondary data were collected by distributing the questionnaire and 
the databases respectively. Two data collection methods have been 
identified to conduct this survey and analysis: 

 
1) Survey interviews. 
2) Focus group interviews. 
 

The data collection was conducted by survey interviews through the 
questionnaire. A total number of 240 questionnaires were 
distributed equally among six car companies. It should be stressed 
that the number of the respondents selected in survey interviews 
using questionnaire should be above 30 so that the population 
follows the normal distribution and random selection characteristics 
(Fraenkel and Wallen, 2000). Distribution was randomly regarding 
the sex, age, education and responsibility. Respondents are both 
men and women from all age range, education, work experience, 
and responsibility to have responses that are more accurate and 
different. For focus group interview, this study has defined the 
following focus groups namely: manufacturing, designing, „planning 
and research‟ and engineering. This point is the only limitation for 
the selection of the sample size. Furthermore, in the case of the 
focus group interview as it is considered as purposive sampling 
(Miles and Huberman, 1984), the proper number of participants for 
a successful focus group should consist of 4 to 12 people (Brown, 
1999). 

For this study, sample size was five from each group. The 
researcher by herself represented them to have more 
communication with them (Mousavi et al., 2011). 
 
 

Questionnaire design 
 

A questionnaire with two different sections was used in the 
research (Singh, 2002; Esposito, 2002): 
 
 

Section A 
 

Primary information of respondents. 
 
 

Section B 
 

Technology adoption. 
 

Section A was demographic information of respondents and 
Section B was about technology adoption. The respondents were 
asked questions such as giving opinion whether all the existing 
technologies at their organisation are sufficient and if it is not 
sufficient, which part needs to be improved and use the advanced 
technology and which technology they want to adopt for their 
organisation. One question was about the appropriateness of VR to 
be adopted with the different sections of the organisation of 
automotive industry. Do they prefer to use other software(s) with 
better features than they use now? The questionnaire was 
designed after many presentations and sessions with supervisory 
committee and some revision has been applied. Then the 
questionnaire was reviewed by two statisticians from UPM and 
Booalisina University of Iran. As well as above theoretical revisions 
in questionnaire, it has been distributed among some related 
automotive industry responsibilities to assure that the questionnaire 



160            Sci. Res. Essays 
 
 
 
is comprehendible and unambiguous. 

As a result, a number of minor changes were made to certain 
questions, but the substantive document remained unchanged 
(Mousavi et al., 2011). 
 
 
Statistical analysis 
 
In this study, the Pearson chi-square test is used to test the 
significant association between variables, cross-classified in a bi-
variate table. Pearson chi-square test is one of the statistical data 
analysis tools based on hypothesis testing which are commonly 
used in this area of discourse (Migaldi et al., 2004; MacLaughlin et 
al., 2004; Chan et al., 2010). This statistical test follows the 
described steps as defining the hypothesis H0, H1. Probability value 
is 0.05 here. To test the null hypothesis, the test statistic based on 
the contingency table (Table 1) is: 
 

                                         (1) 

 
Where a, b, c, d shows the intersection of the two variables. 
 
 
RESULTS 
 

A total of 153 respondents answered and returned the 
questionnaire. About 70% of respondents were male and 
30% were female. Frequency analysis of adopting new 
technology in automotive industry depicted that 54% of 
industry respondents had an agreement on insufficiency 
of existing technology while 83.7% of respondents were 
ready to adopt new technology and improve the existing 
technology. It indicated that there is high tendency for 
adopting new technology in automotive industry in 
Malaysia. The adaptability of VR technology to the 
industry was investigated in the following subsections. 
 
 

Sufficiency of the existing advanced technologies in 
the industry 
 

It is very important to know whether it is necessary to 
adopt new technology that is VR or continue with existing 
one (Fratu et al., 2009). The Pearson chi-square test has 
been employed to test the hypotheses under study. The 
contingency table was built between the two questions of 
„do you think all existing advanced technologies are 
sufficient in your organisation?‟ and „do you prefer to use 
other software(s) with better features than the one that 
you use now?‟ The hypothesis was defined as: 
 
H0: Existing advanced technologies are sufficient and no 
need to use software with better features. 
H1: Existing advanced technologies are not sufficient and 
need to use software with better features. 
 
To test the null hypothesis, the test statistic was 
calculated based on the contingency table as discussed 
in statistical analysis. The contingency table and the test 
statistic value were calculated using  the  SPSS  software 

 
 
 
 
package. Table 1 shows the contingency table that 
consists of the resultant of combinations of different 
answers to the questions being asked. For example, the 
combination of respondents who had mentioned that 
existing technology is not sufficient and who were not 
interested in using the other software is four respondents 
and represents the parameter „a‟ of the Chi-Square 
equation. Table 2 demonstrates the result of the chi-
square test where df is the degree of freedom related to 
the number of variables and the corresponding options to 
answer. For instance we have only two answers (yes/no) 
and the degree of freedom is one. According to the 

computed chi-square statistic 
2
 = 13.619, the 

corresponding p-value given is 0.001 based on two tailed 
analysis. The p-value is the probability that the deviation 
of the observed from that expected is due to chance 
alone (no other forces acting). 

As the obtained p-value is much less than 0.05, 
therefore, the null hypothesis is rejected and the research 
hypothesis that recommend the use of new software in 
technology is strongly acceptable. 
 
 

Adoptability of different sections to the new 
advanced technology 
 

The automotive industry has different departments which 
are manufacturing, designing, „planning and research‟ 
and engineering. Here, adoptions of mentioned 
departments with new technology were investigated: 
 
 

Adopting in manufacturing section 
 

Contingency table is built here between two questions of 
questionnaires which are „do you think all existing 
advanced technologies are sufficient at your 
organisation?‟ and „is manufacturing section in need to be 
adopted with the advanced technology?‟ The hypotheses 
of the test are defined as: 
 

H0: In the manufacturing section, existing technology is 
enough and no need to adopt the advanced technology. 
H1: In the manufacturing section, existing technology is 
not enough and need to adopt the advanced technology. 
 

In the same manner as „sufficiency of the existing 
advanced technologies in the industry‟, result of the 
analysis showed that the null hypothesis was rejected by 
obtained p-value of 0.016 < 0.05. Consequently, the need 
of the manufacturing sector into the adoption with 
advanced technology is statistically proved. The results of 
contingency table and chi-square test are shown in 
Tables 1 and 2. 
 
 

Adopting in designing section 
 

Contingency table here is between two questions of the 
questionnaire which are „do you think all existing
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Table 1. Contingency table. 
 

  
Variable 1 

No Yes Total 

Variable 2 
No a b a+b 

Yes c d c+d 

     

Total  a+c b+d n 

     

Variable 
 Use other software 

 No Yes Total 

Is the existing technology sufficient? 
No 4 77 81 

Yes 18 50 68 

     

Total  22 127 149 

     

Variable 
 Manufacturing 

 No Yes Total 

Is the existing technology sufficient? 
No 51 27 78 

Yes 11 17 28 

     

Total  62 44 106 

     

Variable 
 Designing 

 No Yes Total 

Is the existing technology sufficient? 
No 10 68 78 

Yes 10 20 30 

     

Total  20 88 108 

     

Variable 
 ‘Planning and Research’ 

 No Yes Total 

Is the existing technology sufficient? No 50 30 80 

 Yes 10 20 30 

Total  60 50 110 

     

Variable 
 Engineering 

 No Yes Total 

Is the existing technology sufficient? 
No 36 39 75 

Yes 23 6 29 

     

Total  59 45 104 
 
 
 

advanced technologies are sufficient at your 
organisation?‟ and „does designing section need to be 
adopted with the advanced technology?‟ 

 
H0: In designing section, existing technology is enough 
and no need to adopt the advanced technology. 
H1: In designing section, existing technology is not 
enough and need to adopt the advanced technology. 

 
As the same  explanation  in  „sufficiency  of  the  existing  

advanced technologies in the industry‟, the resulted p-
value of 0.01 < 0.05 supports the alternative hypothesis 
(H1), which implies that designing sector is facing 
inadequacy in the existing technology and needs to adopt 
the advanced technology. Tables 1 and 2 comprise the 
results of contingency table and chi-square test. 
 
 

Adopting in ‘planning and research’ section 
 

Pearson chi-square test was used to statistically check 
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Table 2.  Pearson chi-square. 
 

Pearson chi-square 

Value Df p-value (2-sided) 

13.619 1 0.001 

5.780 1 0.016 

5.930 1 0.010 

1 0.008 6.751 

7.452 1 0.006 

 
 
 
the sufficiency of existing advance technology in 
„planning and research‟ section. Two variables included 
in the questionnaire were used to test the hypothesis, „do 
you think all existing advanced technologies are sufficient 
at your organisation?‟ and „is „planning and research‟ 
section needed to be adopted with the advanced 
technology.‟ 
 
H0: In „planning and research‟ section, existing 
technology is enough and no need to adopt the advanced 
technology. 
H1: In „planning and research‟ section, existing 
technology is not enough and need to adopt the 
advanced technology. 
 
Refer to the results of contingency table and chi-square 
test that are shown in Tables 1 and 2, and the same 
details explained in ‘sufficiency of the existing advanced 
technologies in the industry’, the resulted p-value = 0.008 < 

0.05 rejects the null hypothesis (H0), therefore „planning 
and research‟ sector is also statistically in the need of 
adaptation with new technology. 
 
 
Adopting in engineering section 
 
Two of the variables (questions) embedded in the 
questionnaire are recalled here to statistically decide on 
the sufficiency of existing advance technology in the 
engineering sector. These variables are, „do you think all 
existing advanced technologies are sufficient at your 
organisation?‟ and „is engineering section in need to be 
adopted with the advanced technology?‟ 
 
H0: In engineering section, existing technology is enough 
and no need to adopt the advanced technology. 
H1: In engineering section, existing technology is not  
enough and need to adopt the advanced technology. 
 
Based on the same clarification in „sufficiency of the 
existing advanced technologies in the industry‟, the 
resultant of this test for engineering section also was the 
rejection of null hypothesis (p-value = 0.006 < 0.05) and 
statistically proves the need of adoption with new 
advanced technology in the engineering section of the 
automotive manufacturing industry. The results of 

contingency table and chi-square test are respectively 
shown in Tables 1 and 2. 
 
 
Frequency analysis 

 
From the statistical analysis, it was proved that four 
departments namely: manufacturing, designing, „planning 
and research‟, and engineering are in need of adoption to 
the new technology and appropriate for VR 
implementation in Malaysian automotive manufacturing 
industry. Some frequency analyses on companies‟ 
responses revealed more details about four stated 
departments. It demonstrated that the design department 
is the section that is strongly in the need of adopting VR 
technology. This may be due to the importance of 
designing that has taken more attention among the 
respondents (Figure 1). Manufacturing and „planning and 
research‟ departments are two of the highlighted sections 
by the respondents that have received relatively the 
same attention in terms of their VR adoption necessity, 
yet manufacturing more highlighted. Therefore, a 
sequence of importance among these automotive 
industry sections can be realised that is somewhat close 
to the reality in the practice. 

Least attention to the need of VR adoption is in 
engineering department. It may be because of time-
consuming process of adoption at this section and need 
of many skilled man as well. 
 
 
Appropriateness of VR technology adoption to the 
organisation 

 
Majority of the respondents to the question regards that 
the appropriateness of VR technology showed common 
agreement (up to 60%) that VR can be appropriate 
advanced technologies that can be adopted to different 
sections of automotive manufacturing industry, and about 
10% mentioned VR „may be‟ the appropriate one. 

 

Preference of using other software(s) with better 
features 
 
This study also focused on future direction of 
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Figure 1. Different sections needed to adopt with new technology in automotive industry. 
 
 
 

software used. To do so, the respondents have been 
asked if they accept new software with better features. It 
was found that the tendency of using new software with 
better features is high, with the rate of 80% among the six 
companies. Among these specified companies which 
agreed to have new software, the majority of them have 
mentioned that they are ready to leave the previous 
software and solely work with the new one; whereas 
some of them are going to use the previous one as well 
as the new one. This might be because of having doubt 
about applicability of either any new technology or 
software. 
 
 
DISCUSSION 

 
The study reported in this paper has investigated about 
six car companies. However, these six companies 
produce more than 90% of cars in Malaysia. In line with 
the other studies implying the requirement of automotive 
industry adoption to the advanced technology (Gusikhin 
et al., 2007), the outcome of this study has also shown 

the acceptance of new technologies in the automotive 
industry by the practitioners and the decision makers 
(80% of respondent) and it is found that VR technology 
has been rated remarkably (up to 70%) to be the choice 
for adoption. This result supports a statement by Fratu et 
al. (2009) that says industry is limited in terms of optimal 
software and hardware and it is needed to adopt new 
technology like VR. Former research have shown that 
using VR is more beneficial than typical CAD and many 
other environments (Bordegoni et al., 2007) and VR 

offers a new solution to solve some problems regarding 
nanometer-scale or large-scaled machineries, machine 
parts‟ faults and failures and many other problems (Guo 

and Zhou, 2007). The statistical analyses in this research 

have also demonstrated the tendency among the industry 
respondents for VR adoption to their industry; that is an 
indication of VR popularization for its valuable 
contribution to the industry improvement. 
Appropriateness of VR adoption to the different sections 
of automotive industry has been a controversial issue and 
several researches have studied the applicability of VR in 
various industry section. The VR technology application 
in Design, Research and Development (R&D) (Vogt et 
al., 2005), Styling and Engineering departments (Amditis 

et al., 2008) are referenced in the literature. 
The issues identified in this paper are adoptions of four 

different departments in automotive industry with new 
technology. The research showed that VR technology 
could be the appropriate one that can be adopted to 
different sections of automotive manufacturing industry. 
The need of new technology adoption at various sections 
of the automotive industry is statistically proved in this 
study. In addition, frequency analysis of the responses 
reveals the priority in the need of different industry 
sections to the VR adoption. Designing section has 
received the most attention to be adopted to the VR 
technology (owing to its importance in automotive 
industry) and Manufacturing, Research and 
Development, and Engineering parts of the industry 
followed the line. Least attention to the need of VR 
adoption is in engineering department. It can be referred 
to the time-consuming process of adoption at this section 
and need of many skilled man as well. 
 
 
Conclusion 

 
The  present  research  aimed  at  analyzing  the  existing 
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situation of technology advancement at Malaysian 
automotive industry and finding the opportunities of VR 
adoption in this industry based on the industry survey 
results. Statistical analyses of the responses showed that 
the existing advanced technologies in the studied car 
companies are not sufficient and need to upgrade their 
technologies as well as their software(s). It was also 
found that tendency of using new software with better 
features is high (80%) among those companies. Despite 
the fact that there are doubts about the efficacy of any 
new technology or software among the industry users, 
Malaysian automotive industry has shown a large 
tendency for utilisation of VR technology. The drawn 
results of the industry imply that VR can be an 
appropriate technology to be adopted to the automotive 
manufacturing industry. Furthermore, investigations have 
also highlighted that four departments namely: Designing, 
Manufacturing, „Planning and Research‟ and Engineering 
are sequentially in serious need of adoption to the new 
technology and are appropriate for VR implementation in 
Malaysian automotive manufacturing industry. 
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