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Abstract

Sustainable manufacturing practices (SMPs) have received enormous attention in
current years as an effective solution to support the continuous growth and
expansion of the automotive manufacturing industry. This reported study was
conducted to examine confirmatory factor analysis for SMP such as manufacturing
process, supply chain management, social responsibility, and environmental
management based on automotive manufacturing industry. The results of
confirmatory factor analysis show that four factors for SMP implementation in
Malaysian automotive industry were developed and verified. For the next agenda,
the authors are looking at the confirmatory factor analysis of sustaining lean
improvement in Malaysian automotive industry. The paper proposed with a future
direction end of this research.

Keywords: Sustainable manufacturing practices; Confirmatory factor analysis;
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Environmental management; Automotive industry
Background
Strategically located in the centre of Association of Southeast Asian Nations (ASEAN),

Malaysia offers vast opportunities for global automotive and component manufacturers

in order to set up manufacturing and distribution operations. Evidence show that

Malaysia has been attracted global automotive companies (e.g. Toyota, Honda, Nissan,

BMW, and Peugeot) and international component manufacturers (e.g. Delphi, Continental,

Denso, and Bosch) in order to launch their product in this country and meet the highest

consumer demands (Malaysian-German Chamber of Commerce and Industry 2012).

However, Malaysian government should also regulate the entry of foreign products in

order to ensure the local automotive performance can survive in the local and global

market. Thus, a regulatory structure practice was gazette to protect and control the auto-

motive manufacturing activity. South Africa, for example, could sustain their economic

performance by adopting an import substituting policies (Barnes et al. 2004).

Due to the rise in these issues, the awareness of Sustainable Manufacturing Practices

(SMPs) has become an important element in manufacturing industry. A number of re-

searchers have attempted to refine this broad array of SMPs into the framework.
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Similarly, to support the continued growth and expansion of the manufacturing indus-

try, SMPs are the best approach (Laosirihongthong and Dangayach 2005; Yuan et al.

2012). In Malaysian business environment, in order to increase sustainability scoring

methods for SMPs, PROTON for example utilizes the products and processes, predict-

ive models and optimization technique (PROTON Annual Report 2011).

In line with these current business needs, the development and the number of lean im-

provement programmed is a proven approach in order to improve the firms’ efficiency and

competitiveness for success in the manufacturing industry (Nordin et al. 2010; Habidin and

Yusof 2012). In this study, SMPs is an important role in manufacturing industry especially

in Malaysian automotive industry. According to PROTON Way, the Malaysian automotive

industry itself is moving forward towards preparing lean implementation such as high level

performance, product quality improvement, lower cost of production, market price;

maximize customer satisfaction, elimination of waste and defects, and strengthening rela-

tionships with suppliers (PROTON Annual Report 2011).

The purpose of this research study is to examine the sustainable manufacturing prac-

tices in Malaysian automotive industry by using confirmatory factor analysis.
Literature review
Overview on sustainable manufacturing practices (SMPs)

The sustainability or sustainable development in manufacturing and services has

attracted the attention from various business practitioners and several research projects

and many documents related to them have been published. Indeed, the theory and

practices of sustainability within manufacturing has become a critical issue in dynamic

business development (Jayal et al. 2010; Gunasekaran and Spalanzani 2011; Despeisse

et al. 2012; Gond et al. 2012).

Many organizations all over the world have taken an opportunity to implement sus-

tainable practices in term of competitive positioning (Pretorius et al. 2003), customer

relationship and product quality (Szekely and Knirsch 2005; Hansson and Klefsjo

2008), environmental management and supply chains management (Kleindorfer and

Saad 2005; Duflou et al. 2012), environmental costs (Ambe 2009), operational practices

(PROTON Annual Report 2011), strategic plan and action (Gunasekaran and Spalanzani

2011), material selection (Mayyas et al. 2012; Ullah et al. 2013), and continuous growth

and expansion (Nagel and Tomiyama 2004; Yuan et al. 2012).

In short, it is clear that all these long-term benefits also directly influence the sustain-

ability of an organization’s success. When sustainability has been successfully carried

out, it offers a new strategic approach to increase effectiveness and efficiency in busi-

ness performance.
Definitions of SMPs

As an early point, it is important to understand there is no single definition for sustain-

ability, perhaps because it is a process or journey, rather than a state or endpoint.

Therefore, the term of sustainability or sustainable development is difficult to define

and context dependant (Millar and Russell 2011).

Similar to the term sustainable development practices, many different terminologies have

tried to determine the definition of SMPs. Some of the different terminologies include best
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manufacturing practices (Ulusoy and Ikiz 2001), cleaner production (Jackson 2002), green

manufacturing (Rusinko 2007; Hu 2012), sustainable production (Rahimifard and Clegg

2007; Jafartayari 2010; Nabhani et al. 2013), sustainability of manufacturing and services

(Gunasekaran and Spalanzani 2011; Amirmostofian et al. 2014; Roy et al. 2014; Teli

et al. 2014a).

A general definition of sustainable manufacturing is provided by The United States

Department of Commerce as sustainability in the creation of manufactured products.

According to Gunasekaran and Spalanzani (2011) and Habidin et al. (2013), SMPs refer to a

business model which creates value consistent with the long term preservation and conser-

vation and also enhancement of triple bottom line. This is because SMPs concept provides

a continuous improvement program structure which is focused on improvement of risk,

cost, waste, material and energy efficiency, and environmentally friendly products and ser-

vices (Joseph and Taplin 2011; Molamohamadi and Ismail, 2013). Taking into account, the

previous SMPs concept by Garetti and Taisch (2012) defined SMPs as an ability to use the

raw material effectively, by creating new product through current technology, regulatory

measures and coherent social behaviours with respect to the triple bottom line performance

(Voudourisa et al. 2012).

With reference to previous studies above, it can be concluded that SMPs refer to the

ability to maintain the performance at an optimal level of production in the long-term by

using the available resources effectively. Furthermore, during the practical implementa-

tion, the result of each sustainability assessment must be related to the situation, while

also attempting to sustain the holistic objective given by the above-mentioned definition.
SMPs and current trends

This section reviews related research and current trends of SMPs implementation. The-

oretically, sustainable manufacturing integrates operational continuous improvements

which reduce the environmental impacts of manufacturing process. This effort requires

a shift in the awareness and understanding of manufacturing process and adopts a hol-

istic approach to business management. Comprehensive research has been conducted

by Jafartayari (2010) to investigate the level of awareness and the degree of practice by

using the 6Rs concept (reduce, reuse, recycle, recover, redesign and remanufacture)

proposed by Jawahir et al. (2006). The survey results showed that the level of awareness

on sustainable manufacturing has a direct relationship with the SMPs.

The importance of high-quality manufacturing in establishing and sustaining a global

competitive position in manufacturing practices lead to improved triple bottom line

performance. Gimenez et al. (2012) explored the impact of sustainable manufacturing

on each dimension of the triple bottom line through internal and external sustainable

programmes. Generally, SMP concept provides a continuous improvement program

structure which is focused on improvement of business risk, waste generation, material

and energy efficiency, and create an environmentally friendly products and services

(Szekely and Knirsch 2005). From the environmental sustainability perspective, manu-

facturing practices should result in minimum waste and energy usage (Jayal et al. 2010;

Gunasekaran and Spalanzani 2011), and avoid regulatory entanglements (Fairfield et al.

2011). On the whole, the current trend of implementing SMPs will surely be one of the

most important issues to address in the big picture of sustainable development



Table 1 Summary of past-related research for SMPs

Focus
Area

Finding(s) Authors

SMPs

• SMPs focused on improvement of business risk, waste generation, material
and energy efficiency, and create an environmentally friendly products and
services.

Gunasekaran and
Spalanzani (2011)

• SMPs as an ability to use the raw material effectively, by creating new
product through current technology, regulatory measures and coherent
social behaviours with respect to the triple bottom line performance.

Garetti and Taisch
(2012)

• SMPs include the relevant environmental issues, green manufacturing, life
cycle aspects, and in advancing manufacturing operations and processes.

Rosen and Kishawy
(2012)

• SMPs focused on environmental, economic, and social sustainability as
important drivers for sustainable manufacturing.

Vinodh and Joy (2012)

• SMPs emphasize to minimize the manufacturing operations in order to
optimize production efficiency of firms.

Nordin et al. (2014)
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especially in Malaysian automotive industry. Table 1 shows the summary of past-

related research for SMPs.
SMPs construct

The development of SMPs constructs depends on four elements namely Manufacturing

Processes (MP), Supply Chain Management (SCM), Social Responsibility (SR), and

Environment Management (EM) which have adopted the conceptual framework

proposed by Millar and Russell (2011) and Fairfield et al. (2011).

Manufacturing processes (MP)

Changes in supply and demand, increasing competition from quicker rivals and fewer

resources are sending clear signals that the organization need to change their manufac-

turing strategies. New business models and complex relationships are becoming the

norm, so they are looking for strongest strategies to streamline operations, boost prod-

uctivity and maintain quality (Teli et al. 2014b). Thus, one of the important aspects to

implement SMP is the early consideration of MP in terms of: (i) efficient resource

(Karim et al. 2008; Loskyll et al. 2012; Duflou et al. 2012); (ii) management control

(John and Ngoasong 2008); and (iii) products quality (Afazov 2013). It recognized that

improvements in the MP would be giving the positive impact on working practices and

productivity to automotive manufacturing industry.

Schoenherr (2011) hypothesised the impact of EN on plant performance. Environ-

mental initiatives considered include ISO 14000 certification, pollution prevention, re-

cycling of materials, and waste reduction (Hibadullah et al. 2013); plant performance is

assessed with the dimensions of the four competitive capabilities of quality, delivery,

flexibility, and cost. Yang et al. (2011) suggest that prior lean manufacturing experi-

ences are positively related to EN practices. In doing so, environmental sustainability

requires improved resources use-productivity (Seliger et al. 2008; Zubir et al. 2012) in order

to reduce natural resource material as well as consequent waste and pollutant outputs.

Supply chain management (SCM)

Supply chain management (SCM) became a focus for researchers when more and more

organizations are making use of SCM to improve their organizational performance.
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This strategic viewpoint has adopted in automotive industry (Humphrey 2003; Olugu

and Wong 2012). Most of the previous articles argued that SCM provides a strategic

link between supply chain relationship quality and cooperative strategy (Power and

Sohal 2001; Su et al. 2008), supply chain integration and customer delivery performance

(Boon-itt and Wong 2011); product quality and business performance (Agus 2011), and

information manufacturing sharing and supply chain performance. The authors look at

how align this CSF with company goals and how an organization might use SCM meas-

ure to drill down and locate a manufacturing problem that is causing the organization

to miss its sustainability target.

Social responsibility (SR)

Social responsibility (SR) practices are considered as significant and necessary issue in

order for the business society, considered as the most responsible actor for socio-

economic and environmental problems, to provide efficient solutions for the more sus-

tainable future (Iamandi 2007; Basu and Palazzo 2008; Sava et al. 2011; Fuzi et al. 2012;

Habidin et al. 2014). A growing body of academic literature on SR is showing the best

quality (McWilliams and Siegel 2001) record of SR positively influences organizational

performance in various industries and for the automotive industry (Fray 2007; Shinkle

and Spencer 2012; Loureiro et al. 2012; Zadek et al. 2012).

Environment management (EM)

Indeed many academics and practitioners have highlighted the modelling, simulation

and practices of environment management are very important aspect in variety of in-

dustrial applications across the countries around the world. Normally, waste reduction

in manufacturing contributes to EM through greater efficiency in the use of production

resources (McCann and Holt 2010) and the adoption of cleaning practices and im-

proved organization of the productive environment (King and Lenox 2001; Moldan

et al. 2012). For automotive industry itself, most of automotive manufacturer have im-

plement the EM on operational performance (Jabbour et al. 2012). In doing so, EM will

be measured by doing this study, particularly in automotive industry.
Methods
Questionnaire development

In the SMPs questionnaires, questions were divided into various sections, starting

with some general information (type of product, quality award, etc.) and then focus-

ing on MP, SCM, SR, and EM. To evaluate the content validity, questionnaires were

e-mailed and reviewed by sustainability manufacturing expert from local and inter-

national academic and practitioner. The questionnaires were modified based on their

comments.

Questionnaires were administered simultaneously in each PROTON vendor by re-

searchers. We were mailed or e-mailed to the Executive Manager, Director of Opera-

tions/Manufacturing or the person with the equivalent position in the organization.

The Executive Manager, Director of Operations/Manufacturing is the best suited to

self-report the decisions made regarding the manufacturing practice and the results of

the quality program implement.
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The questionnaire utilized the 7-point Likert scale, representing a range from very

low = 1 to very high = 7 which has been used by management researchers before (Shaw

et al. 2012; Latreille et al. 2012).
Population and sampling of a study

The research on SMPs constructs would be conducted using quantitative survey for

Malaysian automotive industry. The population of this research comprised automotive

suppliers in Malaysia and samples were selected from the list of Proton Vendor

Association (PVA) and Kelab Vendor PERODUA (KVP). The suppliers supply elec-

trical, electronic, metal, plastic, rubber, and other automotive parts.

All the data would be analyzed using SEM technique. The methodology for assessing

an appropriate sample size requirement can be a difficult question to answer in SEM-

based studies. Therefore, it requires large sample sizes between 100 to 200, but not

more than 400, due to the large number of estimates (Hair et al. 1998). Bacon (1997)

had reviewed SEM applications from other publication and pointed out that SEM typic-

ally uses 200–400 cases to fit models within 10–15 observed variables. Another study

done by Christopher (2010) found that the average total for sample size of SEM is 50 %

of the minimum measurement needed. For this research purpose, 400 questionnaires

were distributed to Malaysian automotive industry and 227 completed from received

giving the response rate of 56.75 %.
Reliability and validity

For this research proposed, Cronbach’s Alpha Coefficient was used to access reliability for

each construct. According to the classical citation on Cronbach’s alpha, Cronbach (1951)

has identified thousands of investigation report based on measurement which is con-

cerned with the accuracy or dependability. A reliability coefficient demonstrates whether

the test designer was correct in expecting a certain collection of items to yield interpret-

able statements about individual differences (Kelley 1942; Ihantola and Kihn 2011). Table 2

show the reliability analysis for SMPs constructs.

By referring to Table 2, due to the fact that all constructs have the reliability (alpha

value) greater than 0.8, thus it shows that all items from statistics construct are reliable

and should not be dropped for further analysis, which is the inferential analysis.

In quantitative research, validity is one of the most essential manifestations of re-

search method. Validity refers to the extent to which the number obtained truly reflects

what the user intended to measure. Particularly in quantitative accounting research,

Ryan et al. (2002) raise the ultimate question on whether the researcher can draw valid

conclusions from the research design. Buckley et al. (1976) seem to suggest they already
Table 2 Results of reliability analysis for SMPs constructs

Constructs/Measures Number of items Alpha (α) value Item for deletion Alpha (α) if items is deleted

SMPs

MP 7 0.902 None 0.902

SCM 3 0.811 None 0.811

SR 3 0.753 None 0.753

EM 4 0.833 None 0.833
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believe that validity is not a belonging of the measure, but instead refers to the reliabil-

ity of the conclusions which are drawn from the measure.

For this research purpose, the validation of the instrument was concluded in the following

procedures: (i) content validity and (ii) construct validity. The first validation was done

through literature review on the concept of SMPs which are related to the nature of quality

improvement shown by Malaysian automotive industry. Additionally, in order to check and

measure the validity, the constructs had been divided into specific measurement items and

reviewed by the panel of experts comprising academicians and industrial experts.

In addition, EFA and CFA were adapted in order to meet the requirement of specify-

ing the measurement model and identifying the indicator measure for each construct.

Both of them have similar functions but the scope of measurement framework is differ-

ent. EFA framework is to delete the suggested items and place where the item should

be added (Karuppusami and Gandhinathan 2006). In contrast, CFA framework is used

to test and examine the extent to which the data set can fit the measurement structure.

In this research, both of them were conducted on SMPs indicator. The next stage in

this analysis was to test the measurement model, in which the SMPs indicators were

tested based on confirmatory factor analysis.
Statistical analysis

The publishers among the international and local e-resources have seen a substantial

increase in the number of submissions and publications using Structural Equation

Modelling (SEM) techniques. SEM is defined as very powerful multivariate analysis

technique which includes specialized versions of a number of other analysis methods as

particular cases (Shah and Goldstein 2006). By using the combination of statistical data

and qualitative causal assumptions, SEM technique was adopted in attempt to test and

estimate causal relations.

In this research, AMOS version 20.0 had been selected to perform the SEM analysis.

AMOS uses the basic overall goodness-of-fit measures to assess the compatibility of the

purpose model according to six criteria: Chi-square over degree of freedom (χ2 /df), good-

ness of Fit Index (GFI), Adjusted Goodness of Fit Index (AGFI), Comparative Fit Indexes

(CFI), Tucker Lewis Index (TLI), and Root Mean Square Error Approximation (RMSEA).
Results and discussion
EFA on SMPs constructs

EFA for 17 items of SMPs was done on random sample (n = 227) of Malaysian automotive

suppliers to determine the basic details of each SMP construct namely: MP, SCM, SR, and

EM. As shown in Table 3, Kaiser-Meyer-Olkin (KMO) measurement showed the sampling

adequacy as 0.89. According to Kaiser (1974), recommended accepting values >0.5 and de-

scribed values between 0.5–0.7 =mediocre, 0.7–0.8 = good, 0.8–0.9 = great and >0.9 = superb.
Table 3 KMO and Bartlett’s test for SMPs constructs

Kaiser-Meyer-Olkin measure of sampling adequacy 0.891

Bartlett’s Test of Sphericity Approx. Chi-Square 1974.965

df 136

Sig. 0.000
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Similarly, Bartlett’s test of sphericity was significant at (p <0.001), indicating sufficient

correlation among items to proceed with the analysis.

Initial solution results

Four factors in initial solution had larger Eigen values (1.038) as described in Table 4.

All factors contributed 67.866 % from the total variance which is sufficient for further

analysis which requires at least 50 % (Chinna 2009; Zakuan 2009). This shows that four

latent influences are associated. Meanwhile, similar to the initial solution, the last col-

umn of cumulative percentage indicated that the variance explained by extraction solu-

tion was also 67.866 %. Hence, four factors have been acceptable because the total

variance was more than 50 % which is 67.866 %.

Rotated component matrix results

In EFA, discriminant validity is only shown if the item loading is high towards the re-

lated factor when compared to other factors. At least 0.5 loads for each item on re-

spective factor are considered sufficient for the factor (Ngai et al. 2004). This type of

results assists the researcher to identify the items which correlate the highest to one

factor and on the lowest remaining factor.

The first factor was made up of the six items from building MP including MP1, MP2,

MP4, MP5, MP6, MP7, and MP9. Item MP3, MP8, and MP10 were suggested to be de-

leted. The next factor was classified as SCM and SR with three items namely SCM1,

SCM2, and SCM3 for SCM and SR1, SR2, and SR3 for SR. No item was suggested to

be removed. Finally, the fourth factor was grouped as EM and consisted of four items

namely EM1, EM2, EM3, and EM4. Therefore, 17 items of SMPs of each SMP con-

structs in this study.
Confirmatory factor analysis (CFA)

CFA was to test the measurement model and to examine whether the data set fit the

measurement structure. In this study, CFA was conducted based on four factors (MP,

SCM, SR, and EM).

SMPs constructs with four factors

SMPs model with four factors (MP, SCM, SR, and EM) manifested an adequate fit out-

come as shown in Fig. 1. χ2 statistics was 183.87 (degree of freedom = 113, p < 0.001),

with a ratio of χ2/df value being 1.63 less than 2.00 thus exhibiting a good fit. GFI was

0.916 and AGFI was 0.887 which was moderate fit. CFI was 0.97 and the TLI was 0.96.

Excellent fit is greater than 0.90. The value of RMSEA was 0.053, less than 0.08 which

displayed a good fit. All canonical correlation (RC) showed values of less than 1.00 sig-

nalling that discriminant validity was tested and acceptable. At factor loading, the
Table 4 Results of total variance explained for SMPs constructs

Factors Number of items First Eigen value Percentage of variance explained

1.038 67.866

MP 7

SCM 3

SR 3

EM 4



Fig. 1 Modified SMPs model: output path diagram with four factors
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standard coefficient estimated was good as it surpassed the accepted level of 0.30 with

p-value <0.001 as presented in Fig. 1.

Based on the results of CFA, the four constructs of SMPs are significant variables.

Through the measurement model of SMPs constructs, four factors of model analysis as

measurement model for SMPs constructs demonstrated good fit and proved that this

model is valid and reliable for Malaysian automotive industry. This model was supported

by Hair et al. (Hair et al. 2006) mentioned that goodness of fit measures is important to

look before continuing the analysis of factor in CFA. This method is carried out to deter-

mine which factors are most significant. Therefore, these four constructs as applicable for

measuring the SMPs implementation in Malaysian automotive industry.

Practical implications
The SMPs model has been developed and verified, and the four constructs are found to be

applicable for Malaysian automotive suppliers. This study will assist academicians and prac-

titioners in order to increase their knowledge and comprehension of SMPs implementation

which can assist the automotive industry to improve the company’s performance. This re-

search extends to explore in the area of automotive performance especially in the Malaysian

region. Therefore, this research analyses the SMPs by using the confirmatory factor analysis

not only for theoretical aspects but also from empirical validation.

Conclusions
By using the SEM technique, four success factors for SMPs constructs were developed

and verified. The significant items were maintained to create an instrument of latent

constructs and measurement items after conducting the validity and reliability tests. As
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a confirmation, it was found that these automotive manufacturers are interested and in-

volved in sustainability, and most of them see a clear alignment between sustainability

and their overall business strategy. The limitations of this study is only able to focus on

automotive industry in Malaysia due to the lack of time, financial, knowledge, skills,

and technical support. These limitations of the literature may offer new dimensions of

research area. Considering current limitations of the literature, this research has given

space, opportunities, and recommendations for future researchers to subsequently ex-

plore this area in greater detail in their pursuit of organizational excellence through

SMPs. As noted before, this research makes a contribution of filling the existing gaps

in research in Malaysian automotive industry. For future research, it is suggested that

future researchers must be able to prepare themselves with various supports before

conducting the final research.
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