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Abstract:



This research aims to ascertain the determinants of effective Lean Manufacturing (LM). In this research, Covariance-based Structural Equation Modeling (CB-SEM) analysis will be used in order to analyze the determinants. Through CB-SEM analysis, the significant key determinants can be determined and the direct relationships among determinants can be analyzed. Thus, the findings of this research can act as guidelines for achievement of LM effectiveness, not only providing necessary steps for successful implementation of lean, but also helping lean companies to achieve higher level of lean cost and time savings.
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1. Introduction


Over the last few decades, Lean Manufacturing (LM) has become a trend around the world for many manufacturing companies in various industries. Until today, the core benefits of LM (flow, minimizing wastes, etc.) have become the paradigm for many manufacturing operations (Womack and Jones 2010).



LM is one of the most well-known systems that could possibly results in productivity improvement. Lean tools that commonly apply in a company include Kaizen, Kanban, Just In Time (JIT), Supply Chain Management (SCM), Total Quality Management (TQM), Total Productive Maintenance (TPM), the seven waste concept (MUDA), and the 5S workplace methodology (Herron and Braiden 2006). By implementing LM, the overall productivity can be increased by increasing the output product and decreasing the input factors such as processing lead time, transportation time, man power, raw materials and defect products. With the aid of LM, the company can increase their profit margin through the improvements gained. According to Lapinski et al. (2006), LM constantly adjusts the manufacturing process to achieve savings and quality improvements.



There are many studies about the successfulness of LM implementation. However, there have been doubts raised against the effectiveness of LM. Loughrin (2010) asked whether LM was the main reason that causing the recalling of certain Toyota models, as LM is more focused on productivity rather than the quality of the product produced. Additionally, LM performance also raises a number of theoretical and methodological concerns (Womack and Jones 2010). Even for those who have applied LM, they are still considering it as an uncertainty in terms of its effectiveness after years of implementation (Deif 2012). Fliedner and Majeske (2010) has discussed how to make LM longer, but still without a clear statement of how long LM needs to be for achieving effectiveness.



In Malaysia, LM is very famous even among small and medium enterprise. Today, not only Malaysian, but other developing countries’ manufacturing companies are also aware of the effective level of LM systems that are already implemented. Nevertheless, there is limited study or research on the long-lasting effectiveness of LM. The analysis of LM effectiveness level is not only benefit to the current manufacturing industries, but also affects the future development of LM. Hence, there is a necessity to figure out the effective level of lean systems in those manufacturing companies, to ensure the benefits obtained from the lean tools implemented are long lasting (Jamian et al. 2012). There is still lack of research, both statistical and anecdotal, about which lean tools are essential and critical when it comes to the LM effectiveness, especially in Malaysia. Proper and proven guidelines could have assisted the current and future lean manufacturers in Malaysia to achieve high efficiency lean outcomes with least resources involved, which means reducing unnecessary waste (Shetty et al. 2010); unfortunately, such guidelines are lacking. In addition, Wong and Wong (2011) and Nordin et al. (2010) mentioned that there is an urgent need to examine the relationship between LM practices due to there being a lack of needed information regarding LM effectiveness in the overall manufacturing sector in Malaysia.




2. Problem Statement


LM is famous among the industry as it can go well beyond cost-cutting while bringing benefits to the organizations at the same time. Poduval and Pramod (2015) claimed that LM can help in enhancing an organization’s productivity, producing high quality goods and minimizing wastes and thereby reducing costs (Poduval and Pramod 2015). In addition, well-implemented LM enables them to have a rapid response towards customer request, which can deliver considerable benefits to the organizations (Melton 2004).



Holweg (2007) mentioned that LM is a huge management topic that consists of a collective of lean tools to solve different problems encountered by different industries. There is an adequate number of studies or researches providing evidence regarding the advantages of LM implementation. For instance, LM is commonly known as an efficient tool in order to enhance the shop floor productivity by eliminating the seven common wastes (Fliedner and Majeske 2010). Even the ways that Toyota company implement and utilize the well-known lean system are clearly described by Dawson (1994). However, there are still doubts about the effectiveness of lean system. Some of the companies are not sure about the further contribution (other than productivity) of LM system after implementing it. The information gathered shows that even a small furniture production company that has integrated lean tools is still keen on finding the ways to preserve valuable resources in maintaining their productivity system (Miller et al. 2010). Another example is the Toyota Company, which also suffered from slumping sales and is keen on finding the ways to improve the lean implementation system, which seems to be one of the main reasons (Wartzman 2007). As time goes by, the environment, the manufacturing process and product, the human factors, or even the customers’ requirements may be varied from what they were several years ago.



Nevertheless, the lean effectiveness level in Malaysia has yet to be investigated. There is still lack of researches studying LM effectiveness after years of implementation, which has led to the commencement of this research (Nordin et al. 2010; Wong and Wong 2011). In the long term global perspective, an effective strategy is the best, and perhaps the only opportunity to achieve a greater level of LM.



Since the awareness of long term effectiveness is now the worldwide concern for many organizations (UNEP 2011); therefore, the requirement of knowing lean effectiveness in Malaysia is getting higher among the implementers. With the cost of lean system implementation being high, manufacturers are curious if the system could be able to maintain satisfying results in productivity, or the system or can only last for a short period of time. Hence, this study is concerned with the competitive impact of lean production. The measure and analysis of the lean effectiveness level in Malaysia’s manufacturing organizations are obviously vital to the manufacturers and researchers. Thus, the local lean trends such as key determinants of lean, lean tools most adopted by Malaysia’s manufacturers and the effectiveness of LM will be investigated within this study.



From the above, the existing problems in the research context of this study can be summarized as follow:

	
Lack of understanding of the impact of LM implementation on business performance;



	
Lack of knowledge of the key determinants of LM implementation;



	
Lack of knowledge of the interrelationship among key determinates of LM that can affect LM effectiveness.



	
Lack of successful statistically proven lean models based on Malaysia’s existing LM trend that can be used as a reference for existing and future lean organizations towards a successful lean outcome.









3. Literature Review


The term “lean manufacturing” is an approach practiced to eliminate waste in a production that consumes resources, but creates no value to customers (Anvari et al. 2011). LM, also known as lean thinking, is a comprehensive set of technique that maximizes customer value, allowing customers to obtain the best quality products. It is well-known for eliminating wastes and non-value-added activities by using the least resources (Karim and Arif-Uz-Zaman 2013). Through LM, the percentage of wastes on excessive resources can be reduced or eliminated, same to the defects products and non-value-added activities. However, the effectiveness of LM is closely related to how far the lean is implemented. For instance, implementation of more than one lean tool generally has higher effectiveness compared to one lean tool implementation (Anand and Kodali 2009; Kumar et al. 2013; Karim and Arif-Uz-Zaman 2013; Hibadullah et al. 2014).



LM systems emphasize reducing processing time, reducing non-value-added activity and eliminating waste in order to increase productivity in terms of quality and quantity. The concepts of the lean tools are ultimately useful in the shop floor practices and also in the service industries. For example, the Kaizen principle is mainly for continuous improvement to the system no matter how small it is. It contributes in discovering and removing waste in the manufacturing processes whenever there is an opportunity. It is the base for long term success of LM. Other than that, lean tools that involved continuous improvement elements include JIT, TQM, TPM, SCM, 5S, Kanban and so on (Shah and Ward 2003, 2007; Sharma and Shudhanshu 2012; Taylor and Wright 2003). JIT is a technique used to monitor the inventory level of a production and control the amount of materials used in each workstation to prevent overproduction (Feld 2001). The main concept of JIT is to produce the products in a single time in order to meet the demand. TQM, as described in Besterfield et al. (1995), is a helpful philosophy with a complete set of guiding steps and principles that plays an important role in the continuous improvement routine in organizations. TPM does not only perform random check up on machines, it also functions as planning for maintenance service regularly on all equipment and this task is usually distributed for workers for detecting abnormalities, failures or errors when they occur (Feld 2001). The goal of TPM is to improve the productivity and quality of the manufacturing operations along with increased employee morale and job satisfaction (Singh et al. 2013). In addition, SCM is a life circulation procedure supporting financial, knowledge, physical, and information flows for shifting services and products from suppliers to customers (Ayers 2002). With lean systems, the production is able to immediately change and fulfill market demands (Murman et al. 2002).



However, there are some reviews debating and questioning the effectiveness of LM systems. Kilpatrick (2003) stated that, in some companies, LM application takes a long duration before changes and improvement can be observed. LM may end up in the successor of that organization and continue without any outcome achieved. Kilpatrick (2003) also brought up the question of how long does LM take to have an effect, and what should lean executers do to achieve an effective lean outcome. Generally, failure of lean implementation is due to lack of understanding towards LM. This philosophy has to be accepted in the higher-level management before instructing the lower-level employees and officers to follow the application (Kilpatrick 2003; Nordin et al. 2010; Byfuglien et al. 2013).



Although lean can be made clear and fully understood, there are possibilities that LM may plan in the wrong sequence and causes negative effect to the organization. Also, Nordin et al. (2010) stated that the lack of communication and training, different culture and employee's behaviour can cause unsuccessful implementation of lean. Meanwhile, Byfuglien et al. (2013) mentioned that LM can be a new knowledge to employees before its implementation. It requires the willingness to change and openness of employees. Besides, proper improvement evaluation and follow up are needed at all times to ensure the targets towards the continuous improvement are achieved (Byfuglien et al. 2013). With a significant number of researchers in the world giving different opinions in the key determinants that could affect effective lean outcomes, it is critical for this study to identify the key determinants to achieve the highest lean effectiveness outcome in the Malaysian manufacturing industry.




4. Research Methodology


4.1. The Sampling Frame


The sampling frame of this study consists of all manufacturing firms located in Peninsular Malaysia. The data were collected by means of a survey administered in different manufacturing companies and through a multiple informant technique. A sample of 250 sets of questionnaires of potentially qualified Malaysian manufactures was identified from various sources and through assistances of Federation of Malaysian Manufacturers and organizations from Malaysia Ministry of Industry and International Trade. Finally, and after conducting follow up activities, 165 valid questionnaires were received for a response rate of 66%.



Non-response bias was assessed by comparing early respondents with late respondents. The rationale for this test is that late respondents are likely to have similar characteristics to non-respondents. To compare early with late responses, we defined the first 25% of the received questionnaires as early responses and the last 25% were regarded as late responses. The t-test results revealed no significant difference on sample characteristics in the two groups.




4.2. Instrument Development


We primarily tried to develop the measurement items by adapting from validated existing scales from prior literature. We further followed existing guidelines and exemplars in the literature for developing new measures. After developing the initial survey instrument, we formed a focus group and a pretest was conducted through interviews with a focus group. Based on the pretest, the few additional items that were not captured through the literature review were added, and items that were not clear, not representative of the domain, or that were severely open to misinterpretation were finally eliminated. Following this stage, two well-established scholars having substantial experience in survey research and expertise in the subject domain were asked to assess the instrument. Next, and after applying improvements suggested from these scholars, and to test and assure face validity of the questionnaire, we piloted the questionnaire among 20 manufacturing units. Based on the feedback from the pilot study, some questions were rephrased to improve their clarity. As a result, some minor revisions were applied to the questionnaire before final data collection.





5. Data Analysis


The Covariance-based Structural Equation Modeling (CB-SEM) was used to analyze the data and the proposed relationships (Hair et al. 2006). In doing so, we followed Anderson and Gerbing (1988) recommended two-step approach to test our hypotheses. At the first step, the measurement model was tested to establish validity and reliability of the scales used in our analysis. And at the second step the test of structural relationships was performed. As compared to other SEM techniques such as Partial Least Squares Structural Equation Modeling (PLS-SEM), CB-SEM is more suitable for our study because the justification for the specification of the dependence relationships in our model is entirely theory-driven, and CB-SEM is most suited when the objective is to test or extend a profoundly theory-driven path model (Hair et al. 2006, 2013). Therefore, we used IBM AMOS (v. 20.0.0, 2011, New York, NY, USA) to perform the desired CB-SEM analysis in this study.



5.1. Measurement Model


We first assessed the overall fit of the first-order measurement model. Following Hair et al. (2006) and Hu and Bentler (1998) recommendations, we controlled for multiple goodness-of-fit indices namely Chi-square (CMIN or χ2) statistic/DF, Root Mean Square Error of Approximation (RMSEA), Root Mean Square Residuals (RMR), and standardized RMR (SRMR), Comparative Fit Index (CFI), Goodness-of-Fit Index (GFI), Incremental Fit Index (IFI), Normed Fit Index (NFI), Relative Fit Index (RFI), and Tucker-Lewis Index (TLI). Since RMSEA = 0.029, CMIN/DF = 1.286, RMR = 0.024, SRMR = 0.042, CFI = 0.980, IFI = 0.971, TLI = 0.964, GFI = 0.926, NFI = 0.920 and RFI = 0.917, we concluded that the measurement model had a good fit with the data (Hair et al. 2006; Hu and Bentler 1998).



The measurement model validity was further evaluated using four validity measures: content validity, internal consistency, convergent validity and discriminant validity (Petter et al. 2007). The content validity was ensured as (i) we employed measurement items adapted from existing and validated scales; (ii) we acted based on a standard procedure previously established in the literature for new and significantly changed measurements (e.g., pretest); and (iii) we refined the measurement instrument with two well-established scholars and performed the pilot study on 20 manufacturing units.



The result of confirmatory factor analysis, and the measurement properties of items and their internal consistency reliabilities are listed in Table 1. This table suggested that all the factor leadings were 0.6 or higher, which were above the threshold of 0.5 suggested by Hair et al. (2006). Moreover, all the Cronbach’s alpha and composite reliability values for existing measures were 0.7 or higher, well above the recommended level of 0.70, indicating adequate internal consistency (Fornell 1982). Fornell and Larcker (1981) suggested that convergent validity is adequate when constructs have an Average Variance Extracted (AVE) of at least 0.5. This provided further evidence of convergent validity as AVE or all variables were significantly higher than 0.5 in this study (Table 1).


Table 1. Measurement properties of constructs.


	First-Order Constructs
	Number of Items
	Coding
	Factor Loadings
	Cronbach’s Alpha
	Composite Reliability
	Average Variance Extracted





	Employees’ empowerment
	4
	EE
	0.793–0.854
	0.849
	0.876
	0.582



	Employees’ involvement
	5
	EI
	0.723–0.848
	0.886
	0.901
	0.653



	Implementation costs
	4
	IC
	0.770–0.856
	0.879
	0.908
	0.691



	Teamwork
	6
	TW
	0.711–0.874
	0.908
	0.921
	0.702



	Managerial leadership and support
	5
	MLS
	0.760–0.859
	0.904
	0.917
	0.681



	Awareness of latest lean information
	5
	ALI
	0.723–0.799
	0.820
	0.832
	0.594



	IT investments
	1
	ITI
	-
	-
	-
	-



	Lean manufaturing
	4
	LM
	0.711–0.903
	0.841
	0.863
	0.647



	Business performance
	3
	BP
	0.794–0.855
	0.731
	0.814
	0.645









Although few variable inter-correlations were relatively high, the items demonstrated satisfactory discriminant validity as well. For satisfactory discriminant validity, the AVE from the construct should be greater than the variance shared between the construct and other constructs in the model (Chin 1998). This means that a construct is considered to be distinct from other constructs if the square root of the AVE for it is greater than its correlations with other latent constructs (Barclay et al. 1995). As in all cases, the square root of AVE for each construct was larger than the correlation of that construct with all other constructs in the model (Table 2 lists the correlation matrix, with correlations among constructs and the square root of AVE on the diagonal). The results satisfied the discriminant validity.


Table 2. Correlation matrix.














	Coding
	EE
	EI
	IC
	TW
	MLS
	ALI
	ITI
	LM
	BP





	EE
	0.763
	
	
	
	
	
	
	
	



	EI
	0.464
	0.808
	
	
	
	
	
	
	



	IC
	−0.129
	−0.293
	0.831
	
	
	
	
	
	



	TW
	0.375
	0.496
	−0.314
	0.838
	
	
	
	
	



	MLS
	0.243
	0.444
	−0.249
	0.363
	0.825
	
	
	
	



	ALI
	0.303
	0.492
	−0.409
	0.486
	0.302
	0.771
	
	
	



	ITI
	0.305
	0.243
	0.278
	0.318
	0.402
	0.426
	1.000
	
	



	LM
	0.208
	0.129
	−0.218
	0.298
	0.196
	0.261
	0.211
	0.804
	



	BP
	0.117
	0.206
	−0.043
	0.276
	0.142
	0.077
	0.158
	0.742
	0.803







Note: The italic items on the diagonal represent the square roots of the Average Variance Extracted (AVE); The values of 1.00 on diagonal are indicative of correlations between the similar items which have no AVE.








The correlations matrix did not indicate any exceptionally correlated variables since the highest correlation among principal constructs was r = 0.742. Evidence of common method bias usually results in very high correlations (r > 0.90) (Sai Hong and Ghobakhloo 2013). Finally, the test of multicollinearity aimed at identification of all potential collinearity problems (having more than one predictor construct) revealed that the variance inaction factor values for all the variables did not exceed the threshold generally accepted in the literature with values of 3.3 (e.g., Petter et al. 2007). As a result, these findings strongly supported the study’s content validity, convergent validity, and discriminant validity of the operational measures and response scales.




5.2. Structural Model


The test of the structural model includes estimates of the path coefficients, which indicate the strengths of the relationships between the dependent and independent variables, and the R2 values, which represent the amount of variance explained by the independent variables (Rai et al. 2006). Together, the R2 and the path coefficients (loadings and significance) indicate how well the data support the hypothesized model. Figure 1 explains the results of the test of the hypothesized structural model. Table 3 represents the results of assessment of structural path model. This table indicates that all the direct relationships among determinates of LM is statistically significant at p = 0.05. As expected, the majority of influencing factors, excluding IT and EI, have a significant positive effect on the implementation of LM. This result does not indicate the lack of importance of IT and EI in the development of LM. In fact, IT and EI have a significant positive effect on development of TW. Alternatively, TW is the most important determinant of LM implementation (β = 0.284, p = 0.004). Hence, the effects of IT and EI are indeed indirect and through the mediating role of TW. Additionally, LM has a significant positive effect on BP and explains 48.2% of variance in this variable. Results also show that the influencing factors studied in this research, collectively, accounted for 50.3% of variance in LM.


Figure 1. Results of assessment of structural path model.



[image: Economies 06 00009 g001]





Table 3. Results of structural path analysis.


	Path
	Path Coefficient
	p Value
	Sig Level





	ALI → IC
	−0.411
	0.000
	***



	ALI → IT
	0.433
	0.000
	***



	ALI →LM
	0.168
	0.024
	*



	ALI → MLS
	0.315
	0.000
	***



	EE → LM
	0.171
	0.029
	*



	EI → LM
	0.146
	0.093
	NS



	EI → TW
	0.392
	0.000
	***



	IC → LM
	−0.161
	0.034
	*



	IT → LM
	0.046
	0.522
	NS



	IT → TW
	0.210
	0.010
	**



	LM → BP
	0.649
	0.000
	***



	MLS → EE
	0.237
	0.007
	**



	MLS → EI
	0.433
	0.000
	***



	MLS → LM
	0.129
	0.039
	*



	TW → LM
	0.284
	0.004
	**







* p < 0.05; ** p < 0.01; *** p < 0.001; NS, not significant.










6. Conclusions


Researchers often argue that practical applications are very different from theoretical studies (Williams et al. 1992). It is regularly doubted whether the actual outcome would be applicable with the theories mentioned in the reading materials (Oliver and Hunter 1998). Therefore, in this research, instead of applying the proper tools mentioned theoretically to the certain industry and discovering the lean related improvement, the researchers opted for an opposite approach, which was obtaining the analyzed results from Malaysia’s present manufacturing industry and generating a guideline to improve the lean efficiency. The findings from journals reviewed and the questionnaire responses were analyzed precisely by using CB-SEM analysis tools for quantitative data collected. With the outcome obtained, a LM effectiveness guideline or model is created to improve the lean efficiency level for most of the manufacturing organizations in Malaysia. Not only the lean tools such as JIT, SCM, TQM and TPM are found essential in the manufacturing industry, there are also factors that contribute significantly in improving the lean efficiency outcome, such as employee empowerment, employee involvement, investment cost, team work, information technology, managerial leadership and support and awareness of latest lean information. Besides that, the precedence relationship among lean key factors were defined. In terms of theoretical implications, this research is the first to indicate the importance of precedence relationship among the lean determinants of LM implementation in Malaysia. Even if there are papers slightly related to the roles of these relationships, the outcomes do not truly explain the creation of the LM success and effectiveness model. In this study, the findings of key determinants of LM implementation in Malaysia’s manufacturing industry and its precedence relationships would be the first contribution to theoretical implications.



Despite being limited to Malaysia’s manufacturing industry, the overall research method such as the questionnaire and CB-SEM model represents an important contribution to the lean research world. They are a valuable starting point for LM scholars all over the world to better understand the mechanism through which firms can ensure the success of their LM practices. Also, the outcome can assist LM scholars worldwide to further explore an effective LM model in their own research settings by using the same research method as in this study. This would be a significant theoretical implication that could possibly inspire the LM effectiveness findings in many countries.



In addition, this study shows that CB-SEM are complementary analytical tools that are essential for initial development of a hypothetical lean model. CB-SEM is used to validate the model statistically. By using CB-SEM, the data collected throughout the study would be able to go through further empirical testing and strengthen the reliability of the findings. Besides, a practical research lean model is able to develop by using these analytical tools in order to provide proper guidelines for the lean industry.



Furthermore, the practical implication shown through the data analysis is that LM is not limited to one or two practices. From the statistical results shown in the CB-SEM model, the four LM practices of JIT, TQM, TPM and SCM, collectively, develop LM. Therefore, it leads to a higher level of BPI if all LM tools are being implemented. However, having even one LM practice is still useful; therefore, Malaysian manufacturers can opt for one LM tool to be implemented in the organization before going further with the other lean tools. That means it is not necessarily to start with implementing all LM practices simultaneously as lean tools can be applied one by one.



As a conclusion, this research discovered the trend of lean tradition in the manufacturing industry in Malaysia and proposed a proper guideline in order to improve the lean efficiency level in Malaysia. This study analyzed the lean trend in Malaysia’s manufacturing companies in lean perspective and factors affecting lean effectiveness by which the current and future manufacturing sectors in Malaysia can benefit from the lean model created. The following contributions are made throughout the results and findings of this research:

	
Developing a model on how the manufacturers in Malaysia can improve their lean manufacturing practices through lean perspective and BPI analysis.



	
Determining the validity of the proposed model analyzed using PLS-SEM to assess the lean improvement results.



	
Providing practical guidelines based on results obtained for Malaysia’s manufacturers to create improvement to current and future Lean Manufacturing implementation in Malaysia’s manufacturing companies.
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