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Abstract: The purpose of this study is to examine the relationship between 
sustainable manufacturing practices, lean improvement, and performance in 
Malaysian automotive industry by using structural equation modelling 
technique. Survey questionnaires were used among 227 managers in Malaysian 
automotive industry. SEM technique was used to test the statistical analysis of 
the data required in the study. Based on the results, sustaining lean 
improvement is part of a mediating relationship between sustainable 
manufacturing practices and performance which is positive results. For this 
purpose, it assists academicians and researchers for sustainable manufacturing 
practices implementation in order to assist the automotive industry to increase 
lean improvement and performance. 
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1 Introduction 

The development of entrepreneurship, in terms of concept and activity, has been growing 
in Malaysia. Dana (1999) stated that the importance of entrepreneurship and business, 
especially in the industry. This is due to entrepreneurship is an activity, process and 
concept that involve business activities. In Malaysia, small business and entrepreneurship 
is important for industrial policies. Besides, small business and entrepreneurship is 
important to increase poverty and restructure, particularly in the environment through 
government policies (Dana, 1987a). In addition, the entrepreneurial may affect the 
continued or existence of the organisation. Some researcher has indicated the effect of 
entrepreneurial environments on entrepreneurship and venture creation (Dana, 1987b; 
Ahmad and Xavier, 2012; Dana, 2014). It shows that the entrepreneurship is important 
for venture creation. 

According to Abdullah and Muhammad (2008), entrepreneurship activities are 
important, especially with the government policies and government-supported in the 
automotive industry. Automotive industry plays an important role in assisting the 
development of the local automotive industry. In order to achieve one of the National 
Automotive Policy (NAP) objectives, this study is to encourage a sustainable domestic 
automotive industry, particularly in the local automotive industry. Thus, the automotive 
industry is seen as the main sectors to improve the growth. 

Thus, sustainable manufacturing practices (SMPs) can be implemented in Malaysian 
automotive industry in order to improve the performance. The purpose of this study is to 
examine the relationship between SMPs and sustainable performance (SP) for Malaysian 
automotive industry through the acting of sustaining lean improvement (SLI) in order to 
assist the organisation both locally and internationally to sustain the performance. Each 
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element should be used to develop a research model on the quality initiatives of SMPs, 
SLI, and SP criteria and sub-criteria in Malaysian automotive industry. With this quality 
model, it can assist the organisation to obtain a better understanding in managing change 
for successful quality initiative’s implementation, where the improvement should have 
been made and provide structured guidelines in vendor evaluation. 

Research by Dues et al. (2013) environmental aspects focused on sustainable 
development and to reduce ecological impact of industrial activities through elimination 
of waste and pollution. Environmental aspects can reduce the environmental risks and 
improve the ecological efficiency. SMPs related to environmental sustainability in order 
to improve the performance (Kara et al., 2014; Garza-Reyes, 2015; Aly and Mansour, 
2017; Ohkita, 2017). SMPs have important implications for industrial, which can develop 
the knowledge on sustainable for improving the environment sustainability (Goyal et al., 
2015). 

Having described SMPs concept and philosophy, techniques and performance 
measurement, the next issue which needs to be described is SLI and its concept. 
Generally, lean is the automobile manufacturing technique of the Toyota Motor 
Corporation which has achieved outstanding success rates for more than 40 years (Beck 
and Britzelmaier, 2013; Sisson and Elshennawy, 2015). Despite the wide knowledge and 
available resources, Taj (2008) noted that lean means manufacturing without waste 
including a minimum amount of equipment, resources, parts, and working time that are 
necessary to production (Arumugam et al., 2012; Thanki and Thakkar, 2014). Schlichting 
(2009) and Ali et al. (2013) provided the key elements to sustain lean improvements 
namely standard work, employee involvement, and continuous improvement included 
basic tools which are linked to the individual aspects in attempt to ensure the 
sustainability of these improvements. Moreover, the elements set by Sajan et al. (2017) 
was agreed upon and supported as a comprehensive element of SLI. 

In this view, SP measurement can be considered as one of the most important element 
in the SMPs and SLI implementation. Hence, it would enable organisations to provide the 
performance, particularly for SP (Bai et al., 2012; Gadenne et al., 2012; Fuzi et al., 2013; 
Habidin et al., 2013; Abdul-Rashid et al., 2017). Overall, this change would ultimately 
assist firms to improve their financial performance. 

Finally, in order to increase the understanding of this subject area, this research 
concentrates on studying the relationship between SMPs, SLI, and SP in Malaysian 
automotive industry. Therefore, the aim of this study is to examine the relationship 
between SMPs, SLI, and SP in Malaysian automotive industry. 

2 Literature review 

2.1 Research hypotheses 

To understand the relationship between SMPs, SLI, and SP in Malaysian automotive 
industry, the research hypotheses are based on H1 to H4 using SEM techniques. 

Most of the authors show the relationship between SMPs and SP. Rusinko (2007) 
mentioned that the relationship between SMPs and SP in the US. The results show that 
SMPs has positively with environmental performance. According to Rosen and 
Kishawary (2012) and Zubir et al. (2012), SMPs can improve sustainability, profitability, 
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productivity in order to increase company’s goals, particularly for Malaysian automotive 
industry. 

Kaebernick et al. (2003) noted that SMPs implementation is a tool of product 
development. The implementation of SMPs can assists to the new market especially for 
Malaysian automotive industry. This is supported by Gunasekaran and Spalanzani (2011) 
pointed out SMPs provides a competitive advantage and new market in order to improve 
SP. In relation to that, SMPs and SP are more important for improving the performance. 
This hypothesis is discussed as follow: 

H1 There is a positive relationship between SMPs and SP in Malaysian automotive 
industry. 

The relationship between SMPs and SLI has increased debates in the research. 
Laosirihongthong and Dangayach (2005) stated that by implementing SMPs, the 
companies can achieve effectively in sustainable development. A company should 
continuous improvement in order to improve sustainable development (Thomas et al., 
2012; Ratnayake and Chaudry, 2017). Besides, SMPs and SLI should accompany for 
improving the performance in Malaysian automotive industry. 

Herron and Braiden (2006) developed a model to describe a positive relationship 
between SMPs in Nissan Motor Manufacturing UK. The finding shows a positive 
relationship between SMPs and SLI. Furthermore, the automotive industry demonstrated 
a good performance with operations, processes, and sustainable management. This is 
supported by Pakdil and Leonard (2015) who stated that SLI implementation is to 
enhance efficiency, effectiveness, and productivity. Therefore, this discussion formulated 
to this hypothesis: 

H2 There is a positive relationship between SMPs and SLI in Malaysian automotive 
industry. 

The relationship between SLI and SP is important to improve the performance in 
Malaysian automotive industry. From the implementation of SP, Hofer et al. (2012) 
stated the relationship between SLI implementation and SP. The impact of SLI is to be 
partially mediated on SP. Furthermore, there is a positive relationship between SLI and 
SP (Piercy and Rich, 2015). SP as indicated by Groen et al. (2012) has shown that the 
performance can enhance cost savings, quality improvement, market share, employee 
involvement, and customer satisfaction (Tang and Tang, 2015; Ho et al., 2017). It shows 
that the positive relationship between SP can improve with the SLI. Hence, the SLI 
benefits can affect to environmental performance (Piercy and Rich, 2015). Another study 
by Habidin et al. (2014) found that social performance is also positive relationship related 
to lean improvement in order to enhance the SLI. 

Therefore, the relationship between SLI and SP in Malaysian automotive industry can 
be examined for this study. The following hypothesis is formulated: 

H3 There is a positive relationship between SLI and SP in Malaysian automotive 
industry. 

Previous studies highlight SMPs and SLI focused on sustainable development, 
sustainable management, and environmental management (Comoglio and Botta, 2012; 
D’Agostini et al., 2017), lean management and quality management (Karim and  
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Arif-Uz-Zaman, 2013; Abdullah et al., 2017) and sustainable manufacturing and 
improvement activities (Abdul-Rashid et al., 2017; Randhawa and Ahuja, 2017). 

Adebanjo et al. (2016) studied SMPs are one of the significant environmental 
management taken by manufacturing industry to improve the environment and the quality 
management while performing SP. However, there is a lack of studies focused on the 
relationship between SMPs, SLI, and SP in Malaysian automotive industry  
(Abdul-Rashid et al., 2017). For this study, SP is positive relationship between SMPs and 
SLI, particularly in Malaysian automotive industry. Therefore, the following hypothesis 
is proposed: 

H4 There is an indirect positive relationship between SMPs, SLI, and SP in Malaysian 
automotive industry. 

3 Methodology 

In this study, the population is automotive industry in Malaysia and samples were 
selected from the Proton and Perodua. Besides, the researcher visited the vendor in 
PROTON’s Tanjung Malim plant (PROTON Annual Report, 2016). This venue is 
located two kilometres from the new campus, Universiti Pendidikan Sultan Idris (UPSI). 

This study is using structural equation modelling (SEM) method. The sample sizes 
between 100 to 200, but not more than 400, due to the large number of estimates 
(Habidin et al., 2013; Fuzi et al., 2017). Survey questionnaires were used to examine the 
relationship between SMPs, SLI, and SP among 227 managers in Malaysian automotive 
companies. Therefore, the sample is suitable for SEM method. 

4 Results and discussion 

In this study, EFA consists of three variables (SMPs constructs, SLI constructs, and SP 
measures). EFA for 17 items of SMPs, EFA for 11 items of SLI, and EFA with 14 items 
from SP which is (n = 227) of Malaysian automotive industry. 

Kaiser-Meyer-Olkin (KMO) measurement showed the sampling adequacy as 0.891 
(SMPs), 0.866 (SLI), 0.916 (SP). According to Habidin and Yusof (2012), the accepting 
values > 0.5. Similarly, Bartlett’s test of sphericity was significant at (p < 0.001), 
showing sufficient correlation among items to proceed with the analysis. Table 1 presents 
the results of KMO and Bartlett’s test of sphericity. 
Table 1 Results of KMO and Bartlett’s test of sphericity 

KMO  SLI 0.866 SMPs 0.891 SP 0.916 
Bartlett’s test of 
sphericity  

Approx. chi-square 2,328.828 1,974.965 2,283.385 
df 55 136 91 

Sig. 0.000 0.000 0.000 
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Initial solution results for all factors contributed 67.866% (SMPs), 85.702% (SLI), and 
75.033% (SP) from the total variance which is sufficient for further analysis which 
requires at least 50% (Zakuan, 2009). 

At least 0.5 loads for each item on respective factor are considered sufficient for the 
factor (Habidin and Yusof, 2013). This result helps the researcher to identify the items 
which correlate the highest to the lowest remaining factor. In this study, four SMPs 
constructs (MP, SCM, SR, EM), three SLI constructs (SW, EI, CI), and three SP 
measures (EN, EC, CSR). 

For this study, Cronbach’s Alpha Coefficient was used to test reliability for each 
construct. According to Cronbach (1951), the value of greater alpha was 0.6 for all 
constructs. Table 2 shows the all items for EFA and reliability analysis for SMPs, SLI, 
and SP. 
Table 2 EFA and reliability analysis for SMPs, SLI, and SP 

EFA  Reliability analysis 

Factors No. of items 
KMO and 

Bartlett’s test of 
sphericity 

% of 
variance 
explained 

Alpha 
values 

Item for 
deletion 

Alpha if 
item is 
deleted 

SMPs  0.891 (p < 0.001) 67.866     
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 
SLI  0.866 (p < 0.001) 85.702     
SW 4    0.948 None 0.948 
EI 3    0.932 None 0.932 
CI 4    0.930 None 0.930 
SP  0.916 (p < 0.001) 75.033     
EN 5    0.939 None 0.939 
EC 4    0.889 None 0.889 
CSR 5    0.881 None 0.881 

Notes: MP = manufacturing process, SCM = supply chain management, SR = social 
responsibility, EM = environmental management, SW = standard work,  
EI = employee involvement, CI = continuous improvement, EN = environmental 
performance, EP = economic performance and CSR = SR performance. 

Before conducting the structure analysis, it was required that the variables of overall test 
satisfy the assumption of normality. To test the normality, skewness and kurtosis were 
referred as shown in Table 3. The skewness value was less than 1.00; therefore the 
symmetry of the individual values could be estimated. Moreover, the value of kurtosis 
was close to 0. Skewness and kurtosis were referred as shown in Table 3. 
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Table 3 Assessment of normality 

 Skewness Kurtosis 
SMPs 0.243 –0.424 
SLI –0.079 –0.171 
SP 0.324 –0.090 

The subsequent level in analysis is to test the measurement model, SMPs constructs, SLI 
constructs, and SP measures were tested in confirmatory factor analysis (CFA). In this 
stage, SMPs, SLI, and SP as an adequate fit outcome, as shown in Figure 1, Figure 2, and 
Figure 3. CFA for SMPs with four factors (χ2/df = .63, GFI = 0.92, AGFI = 0.88,  
CFI = 0.97, TLI = 0.96 and RMSEA = 0.05), CFA for SLI with three factors  
(χ2/df = 1.63, GFI = 0.93, AGFI = 0.88, CFI = 0.97, TLI = 0.96 and RMSEA = 0.08) and 
SP with three factors (χ2/df = 1.82, GFI = 0.92, AGFI = 0.89, CFI = 0.97, TLI = 0.97 and 
RMSEA = 0.06) was acceptable and a good fit data. 

With regards to factor loading, the value for SMPs (0.690), SLI (0.73), and SP (0.54) 
as shown in Figure 1, Figure 2 and Figure 3. 

Figure 1 Modified SMPS model: the output path diagram with four factors 
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Figure 2 Modified SLI model: the output path diagram with three factors 
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Figure 3 Modified SP model: the output path diagram with three factors 
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Figure 4 Relationship between SMPS, SLI, and SP in Malaysian automotive industry 
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Figure 4 indicates the relationship between SMPS, SLI and SP, based on the model for 
Malaysian automotive industry (n = 227.) 

The goodness-of-fit indices for structural model (χ2/df = 2.230, GFI = 0.944, AGFI = 
0.903, CFI = 0.943, TLI = 0.920 and RMSEA = 0.074) was good within the general 
acceptable limit, thus exhibiting a good fit data. 

In order to evaluate the hypothesis of structural relationship in structure model was 
adopted in this Malaysian automotive study. The relationship between SMPs and SP for 
Malaysian automotive industry was found positive and significant, which confirmed that 
SMPs implementation had a strong positive direct impact towards SP. 

To test whether SLI is would be the key mediator for SMPs with SP, the following 
rule of thumb (Hair et al., 2011). 

1 IE < 0.074 = > non mediator 

2 IE > 0.074 and IE ≈ DE = > partial mediator (SMPs - > SP relationship, p < 0.05) 

3 IE > 0.074 and IE >> DE => total mediator (SMPs - > SP relationship, p > 0.05) 

Table 4 revealed that standard indirect effect (IE) from SMPs for SP was 0.100 which is 
more than 0.074. Thus, SLI is SMPs mediator and SP. Since p-value for direct effect 
(DE) between SMPs and SP was less than 0.05, therefore, SLI effort could be considered 
a partial mediator. In brief, this finding supported hypothesis H4 whereby the effect of 
SMPs implementation towards SP was increased through the mediating of SLI. 
Table 4 Direct effect (DE) and indirect effect (IE) analysis in Malaysian automotive industry 

Factor  Total effect  Direct effect  Indirect effect 
 SMP SLI SP SMP SLI SP SMP SLI SP 
SLI  0.5  0.0 0.0 0.5  0.0 0.0  0.0 0.0 0.0 
SP 0.6  0.2 0.0 0.5  0.2 0.0  0.1 0.0 0.0 

Note: Standard total effect = DE + IE. 
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5 Discussion 

In order to evaluate the hypothesis of mediating effect, structural relationship in structure 
model was adopted in this Malaysian automotive study. The relationship between SMPs 
and SP for Malaysian automotive industry was found to be positive and statically 
significant, which confirmed that SMPs implementation had a strong positive direct 
impact towards SP. 

Through these results, it is surprising that SLI did not give strong and direct impact 
on SP. This may be one of the causes why the automotive supplier in Malaysia seems to 
be less interested and aware about the role of SLI. However, this finding is different with 
the previous research finding which discovered a positive relationship between SLI and 
firm performance in the automotive supplier industry (Loureiro and Kaufmann, 2014). 

Based on the relationship between SMPs, SLI, and SP, the relationship between 
SMPs implementation and SP, H1 was positive (0.55). According to H1, the findings 
show that there is a positive and direct significant relationship between SMPs and SP in 
Malaysian automotive industry. This result is in line with Fairfield et al. (2011) who 
concluded that a company adopting SMPs are positively associated with competitive 
outcomes. Positive impact on economic performance is also regarded as a strong driver in 
implementing SMPs. Gimenez et al. (2012) and Gadenne et al. (2012) suggested that 
SMPs implementation are able to achieve increased product quality, increased  
market-share and increased profits. 

The standardised weight for this relationship was positive (0.50) and significant  
p < 0.001, confirming that H2: SMPs gives a strong positive impact to SLI level. 
According to H2, the finding shows that there is a positive and direct significant 
relationship between SMPs and SLI in Malaysian automotive industry. Moldan et al. 
(2012) showed that there is a positive relationship between the SMP and SLI. A study of 
manufacturers by Soosay et al. (2016) explained that all the manufacturers continually 
improve their product quality, even though there are lower product yields and higher 
customer return rates. In fact, their adoption of advanced quality and manufacturing 
practices helped them to manage continuous improvement. 

The standardised weight for direct relationship of SLI and SP was found positive 
(0.20) and was not significant with p-value of 0.156 greater than 0.05. The result did not 
support H3: SLI had a strong and direct effect on SP. According to H3, the findings show 
that there is a positive and were not significant relationship between SLI and SP in 
Malaysian automotive supplier. Empirical evidence of the positive link between SLI and 
SP has been found in previous literature (Rajenthirakumar et al., 2011; Nasab et al., 
2012). 

The finding of the H4 verified that SP could give indirect effect (0.100) on SMPs 
implementation through SLI. This provides strong evidence of SLI partially mediating 
the relationship between SMPs and SP with p value less than 0.05. This subsequently 
showed that SMPs should be combined with SLI to ensure that SP can be upgraded. 
Hence, SLI is part of a mediating relationship between SMPs and SP which is generally 
positive and significant. Therefore, the objectives of this study are focused on the 
relationship between SMPs, SLI, and SP in Malaysian automotive industry. According to 
H4, the findings show that there is a positive and direct significant relationship between 
SMPs and SP in Malaysian automotive industry through the acting of SLI. 
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6 Conclusions 

By using the SEM technique, four SMPs constructs, three for SLI, and three SP measures 
were developed and verified. Based on the results, SMPs implementation through SLI 
provides strong evidence of SLI partially mediating the relationship between SMPs and 
SP. For this purpose, it assists academicians and researchers to increase the knowledge 
and SMPs implementation to the automotive industry in order to improve SP, empirical 
results of SLI in the practice of SMPs that can improved the SP, and the final result of 
this research is reliable in terms of decision making process in supplier evaluation 
through the implementation of SMPs and SLI on SP for Malaysian automotive industry. 
This study is only focus on automotive industry in Malaysia. For future research, it is 
suggested that future researchers must be able to prepare themselves with various 
supports before conducting the final research. Given the prominent role that SMPs and 
SLI play in quality improvement in contemporary business and industry, there is a 
definite need for a more scientific research on enhancing SMPs and SLI methodologies 
by studying other factors in the SMPs collaboration within SLI initiative in order to 
obtain much better elements relevant for the current scenario in the automotive industry. 
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Appendix 

A1 Sustainable manufacturing practices (17 items) 

• extent to which water-based paints is used 

• extent to which recycled material is used 

• extent to which air emissions is minimised 

• extent to which hazardous and non-hazardous waste creation are minimised 

• extent to which reusable parts are designed 

• extent to which accessible parts are designed 

• extent to which greenhouse gas emissions is reduced 

• extent of forming partnership with suppliers to promote sustainable manufacturing 

• extent of encouraging suppliers to use recycled materials 

• extent of sources from environmentally friendly suppliers 

• extent of promoting good relationship with the staff and union 

• extent of using documented code of ethnic to guide the behaviour of the firm 

• extent of using social responsibly as a strategy for creating brand loyalty 

• extent of reducing pollution and toxic chemical use and their effects on our 
employees, customers and the communities in which we operate 

• extent of securing needed raw materials over the long term for our employees, 
suppliers, customers and the communities in which we operate 

• extent of reducing and/or managing the risks and impacts of climate change on our 
employees, customers and the communities in which we operate 

• extent of ensuring an adequate supply of water for our employees, suppliers, 
customers and the communities in which we operate. 

A2 Sustaining lean improvement (11 items) 

• extent to which we use uniform methods of manufacturing 

• extent to which we use uniform methods for assessing first-line supervisor/manager 
productivity 

• extent to which we use uniform measures of product quality 

• extent to which we use uniform methods for assessing first-line supervisor/manager 
work quality 

• extent to which we attempt to improve our processes even there are no pressing 
problems 

• extent to which employees are constantly eliminating activities that do not add value 
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• extent to which employees frequently make small process improvement at their 
workstations 

• extent of regular reviews and improvement are made in the training system to 
accommodate changing requirements 

• extent of providing work area employees with freedom to make changes to work area 

• extent of rewarding or recognising kaizen team members for their contributions 

• extent of work area management encouraging work area employees to apply kaizen 
knowledge and skill. 

A3 Sustainable performance (14 items) 

Environmental sustainability 

• reduction of air emissions 

• reduction of effluent waste 

• reduction of solid wastes 

• reduced in consumption for hazardous/harmful/toxic materials 

• reduced in frequency for environmental accidents 

Economic sustainability 

• reduced in cost of materials purchasing 

• reduced in cost for energy consumption 

• reduced in fee for waste treatment 

• reduced in fine for environmental accidents. 

CSR sustainability 

• improved responsibility towards human right 

• improved responsibility towards safety 

• improved personal desires of employees to do what is right 

• improved social programs that our customers have in place 

• increased awareness of social issues among our customers. 


