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Abstract 

 
The implementation of lean manufacturing has been on the rise globally. Numerous manufacturing industries 
including the Electrical and Electronics (E&E) industry in Malaysia has embraced lean methods in order to improve 
efficiency, achieve better quality and be more competitive on the global market front. However the journey to 
implement lean manufacturing is bound to encounter challenges. The effects of these challenges pose risks and lead 
to inefficient operations. The study applied ISM (interpretive structural modelling) techniques to analyze the 
complex dynamics between various lean implementation challenges. A hierarchical relationship model (HRM) was 
subsequently developed to organize, impose order, and explain the relationship direction between the lean 
implementation challenges. Based on the findings, top management and decision makers will be able to identify 
appropriate action plans, policies and strategies to reduce vulnerability and mitigate risks in deploying lean 
manufacturing. 
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1. Introduction 
Lean Manufacturing (LM) has been revolutionizing the global manufacturing environment at an unprecedented rate. 
It's focus on producing high quality products in the most efficient and economical manner possible while 
incorporating less human effort, less inventory, less time to develop products, and less space to become highly 
responsive to customer demands has won the hearts of many organizations. 
 
With Lean Manufacturing concepts at work, manufacturers can achieve extraordinary results. In fact Seeliger et al. 
(2005) points out that "over a 3 to 5 year period it is not uncommon to see inventory reductions of up to 75%, labour 
productivity increases of up to 20%, on-time delivery improvement to 99+%, total lead time reductions of up to 
75%, floor space reductions of up to 50%, setup time reductions of up to 75%, capacity increases of up to 20%, and 
reduction of defects by 20% annually, with zero defects possible". 
 
According to MIDA (Malaysian Industrial Development Authority), the Electrical and Electronics (E&E) industry 
forms the largest manufacturing sector totaling 31% of Malaysia’s manufacturing output, 48.7% of the nation's 
exports and employs 33.7% of the country's workforce. From the quantitative perspective, in 2010 the gross output 
of the E&E industry amounted to RM166.2 billion (US$55.4 billion), exports totaled RM249.8 billion (US$83.3 
billion) while providing employment for 336,408 people.     
 
The role the E&E industry plays in Malaysia's economy is undeniably important. In today’s globalized market, 
efficiency is the key to stay competitive and overcome challenges such as demand uncertainty, price competition 
and ever increasing customer expectations. In the quest to improve efficiency, many manufacturers have adopted 
lean operation methods in their key activities or processes to cope with the challenges. Similar to any productivity 
improvement efforts, the implementation of lean manufacturing is bound to encounter enormous difficulties (Denton 
and Hodgson, 1997). The complexity and challenges of implementing lean manufacturing concepts have affected 
the success rate of organizations adopting lean practices. A case study by Gunasekaran and Lyu (1997) of a small 
company, Daioku, revealed that many difficulties especially with suppliers and raw material replenishment started to 
crop out during the implementation of Lean Manufacturing.  Other challenges such as limited training for human 
resource development and lack of tools for technology innovation were main issues affecting Mexican SME's 
implementation of Lean Manufacturing (Bednark and Niño Luna, 2008). Along the same lines, Achanga et al. 
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(2004, 2005a, b) discovered that due to SME's size, they have limited funds and lack strong leadership commitment 
to achieve success in their lean deployment.  Safayeni et al. (1991) pointed out issues implementing just-in-time, a 
core lean manufacturing principal.  
 
Although the implementation of lean operations in the Malaysian Electrical and Electronics (E&E) Industry has 
been on the rise, many manufacturers have encountered numerous challenges that hinder their roll-out of lean 
operation methods. Challenges are aplenty but the rewards are bountiful for those who successfully integrate lean 
practices into their manufacturing processes. As such it is crucial to analyze and investigate how the challenges of 
lean implementation interact and gain an intuitive understanding of their complex dynamics. Interpretive structural 
modelling (ISM) is a powerful method widely used to identify and summarize relationships between specific 
variables which define an issue (Warfield, 1974; Sage, 1977). The technique is an interactive planning and learning 
method to systematically impose order on a set of elements that define a complex issue (Bolanos et al. 2005; Faisal 
et al. 2006). Elaborating further, ISM provides a simple method to transform unclear, poorly defined, ill-structured 
relationship of systems into a clear, visible, and well-defined model (Jharkharia and Shankar, 2004; Thakkar et al. 
2007). Therefore in this paper, the main objectives are to identify, utilize the ISM methodology to analyze, rank and 
find out the inter-relationships between the challenges of implementing lean manufacturing in the Malaysian E&E 
industry. The study also highlights managerial implications and discusses appropriate strategies, practices including 
action plans with the aim of risk mitigation and reducing susceptibility to implementation failure. 
 
2. Research Methodology 
A systematic approach, consisting of the following Interpretive structural modelling (ISM) procedures were 
employed in the study of lean manufacturing implementation challenges in the Malaysian E&E industry. The 
following steps were taken: 
 

• Identify and list key challenges affecting the implementation of lean manufacturing. 
• Determine contextual relationship between challenges of lean implementation and develop a structural self-

interaction matrix (SSIM) to indicate pair-wise relationship between the challenges. 
• Prepare direct and subsequently final reachability matrix that is checked for contextual relation transitivity. 
• Perform level partition based on the final reachability matrix and build hierarchical relationship model. 
• Analyze the relationship dynamics and categorize lean implementation challenges into groups. 

 
Details of each step that has been successfully accomplished are discussed in the following subsections. 
 
2.1 Identify and list key challenges affecting the implementation of lean manufacturing 
Several ways exist to identify the challenges of lean manufacturing implementation. Among the options are expert 
opinions, brainstorming, nominal techniques and literature review. Thus in this research in order to ascertain key 
lean implementation challenges in the E&E industry, two experts from the academia with research interests in the 
area of lean manufacturing together with two manufacturing division managers working at a well-known 
multinational company were consulted. The experts from the academia and the industry had a very good working 
knowledge and firm grasp of the challenges and issues affecting the implementation of lean manufacturing in the 
Malaysian E&E industry. The major hindrances and challenges are highlighted in Table 1. 

 
Table 1 Challenges of Lean Manufacturing Implementation 

Code Challenges of Lean Manufacturing Implementation
1 Uncertainties in demand
2 Pressure from customer
3 Pressure from top management
4 Non effective method (e.g., inventory management)
5 Projects implementation
6 Knowledge and information transfer (effective communication)
7 Training
8 Lack of common vision
9 Non lean behaviour (increase flow time, increase waste)  
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2.2 Determine contextual relationship between challenges of lean implementation and develop a structural 
self-interaction matrix (SSIM) to indicate pair-wise relationship between the challenges 
According to Bolanos et al. (2005), several forms of contextual relationship can exist between pair-wise variables. 
They are listed as following: 
 

a) Definitive (implies, origins, is reachable from), 
b) Comparative (is more important than, is more critical than), 
c) Influence (causes, leads, affects, propagates, aggravates, magnify, strengthens), 
d) Temporal (must precede, must follow). 

 
In order to analyze the challenges of implementing lean manufacturing, the "leads to" contextual relationship is 
utilized to evaluate the relationship dynamics between each pair of challenges (i and j).  The ‘leads to’ relationship 
essentially means that one challenge (i) leads to other challenges (j) of lean implementation. Four symbols are used 
to represent the influence direction and the type of relationship that exists between any two lean implementation 
challenges. The four symbols used are as following: 
 

F:  Forward influence in which challenge ‘i’ leads to challenge ‘j’; 
B:  Backward influence in which challenge ‘j’ leads to challenge ‘i’; 
X:  Cross influence in which challenges ‘i’ and ‘j’ leads to each other; 
O:  No influence between challenges ‘i’ and ‘j’;  

 
Table 2 shows the structural self-interaction matrix (SSIM) which depicts how the symbols are utilized to explain 
the contextual relationship between lean implementation challenges. 
 

Table 2 Structural self-interaction matrix (SSIM) 
1 2 3 4 5 6 7 8 9

1 - B F X F F F X F
2 - F X F F F X X
3 - B F F F B B
4 - F F F B F
5 - X X B B
6 - B B B
7 - B B
8 - F
9 -  

 
2.3 Prepare direct and subsequently final reachability matrix that is checked for contextual relation 
transitivity  
Subsequently the next step involves converting the SSIM into a binary matrix, referred to as direct reachability 
matrix. Table 3 shows the direct reachability matrix which is obtained by replacing the symbols F, B, X and O with 
1 and 0. The following substitution rules were used to prepare the direct reachability matrix. 
 

• if the (i, j) entry in the SSIM is F, then the (i, j) entry in the reachability matrix is substituted with 1 while  
the (j, i) entry becomes 0; 

• if the (i, j) entry in the SSIM is B, then the (i, j) entry in the reachability matrix is substituted with 0 while  
the (j, i) entry becomes 1; 

• if the (i, j) entry in the SSIM is X, then the (i, j) entry in the reachability matrix is substituted with 1 while  
the (j, i) entry also becomes 1; and 

• if the (i, j) entry in the SSIM is O, then the (i, j) entry in the reachability matrix is substituted with 0 while  
the (j, i) entry also becomes 0. 
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Table 3 Direct reachability matrix 
1 2 3 4 5 6 7 8 9

1 1 0 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 1 1
3 0 0 1 0 1 1 1 0 0
4 1 1 1 1 1 1 1 0 1
5 0 0 0 0 1 1 1 0 0
6 0 0 0 0 1 1 0 0 0
7 0 0 0 0 1 1 1 0 0
8 1 1 1 1 1 1 1 1 1
9 0 1 1 0 1 1 1 0 1  

 
After constructing the direct reachability matrix, attention is given to develop the final reachability matrix. The 
effect of transitivity is taken into account while preparing the final reachability matrix. Transitivity refers to indirect 
relationship whereby if challenge 1 leads to challenge 2 and challenge 2 leads to challenge 3, therefore as a result, 
challenge 1 must also lead to challenge 3. Table 4 shows the final reachability matrix and takes into account all the 
transitivity relationships among challenges of implementing lean.   
 

Table 4 Final reachability matrix 
1 2 3 4 5 6 7 8 9 MI Rank

1 1 1 1 1 1 1 1 1 1 9 1
2 1 1 1 1 1 1 1 1 1 9 1
3 0 0 1 0 1 1 1 0 0 4 2
4 1 1 1 1 1 1 1 1 1 9 1
5 0 0 0 0 1 1 1 0 0 3 3
6 0 0 0 0 1 1 1 0 0 3 3
7 0 0 0 0 1 1 1 0 0 3 3
8 1 1 1 1 1 1 1 1 1 9 1
9 1 1 1 1 1 1 1 1 1 9 1

MBI 5 5 6 5 9 9 9 5 5
Rank 3 3 2 3 1 1 1 3 3  

 
The final reachability matrix also evaluates measure of influence (MI), sometimes referred to as 'driving power', and 
measure of being influenced (MBI), also known as 'dependence', for all the lean implementation challenges. 
Measure of influence (MI) or 'driving power' for each challenge refers to the total number of challenges (including 
itself), which it may impact. On the contrary, measure of being influenced (MBI) also known as 'dependence' for 
each challenge, sums up the number of challenges (including itself), which may be impacting it. Based on values for 
measure of influence (MI) and measure of being influenced (MBI), the challenges are ranked acordingly.  
 
2.4 Perform level partition based on the final reachability matrix and build hierarchical relationship model  
Level partitioning is performed based on the final reachability matrix in Table 4. To begin, the reachability and 
antecedent set for each challenge are determined (Warfield, 1974). The reachability set essentially comprises the 
element itself and also other elements which it may influence. In contrast, the antecedent set is made up of the 
element itself including other elements which may be influencing it. Subsequently after deriving both the 
reachability and antecedent set for each challenge, their intersection sets are identified. The reachability and the 
intersection sets for challenges which are the same occupy the top level in the ISM hierarchical model. Once the 
challenges in the top level are identified and placed, they are removed from the list. The same process is carried out 
to determine the challenges for the second level and is repeated until the level of each challenge is established. 
These levels help in building the hierarchical relationship model (HRM) for lean implementation challenges as 
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shown in Figure 1. The directed graph or digraph method helps to show the relationship between all the challenges 
in the hierarchical relationship model. After removing the effect of transitivities, if there is a forward relationship 
whereby challenge i leads to challenge j, an arrow which points from i to j is drawn. Figure 1 thus shows the 
complete ISM structural model complete with hierarchical levels and relationship direction. 
 

Table 5 Level partitioning 
Challenge Reachability set Antecedent set Intersection set Level

1 1, 2, 3, 4, 5, 6, 7, 8, 9 1, 2, 4, 8, 9 1, 2, 4, 8, 9 III
2 1, 2, 3, 4, 5, 6, 7, 8, 9 1, 2, 4, 8, 9 1, 2, 4, 8, 9 III
3 3, 5, 6, 7 1, 2, 3, 4, 8, 9 3 II
4 1, 2, 3, 4, 5, 6, 7, 8, 9 1, 2, 4,  8, 9 1, 2, 4,  8, 9 III
5 5, 6, 7 1, 2, 3, 4, 5, 6, 7, 8, 9 5, 6, 7 I
6 5, 6, 7 1, 2, 3, 4, 5, 6, 7, 8, 9 5, 6, 7 I
7 5, 6, 7 1, 2, 3, 4, 5, 6, 7, 8, 9 5, 6, 7 I
8 1, 2, 3, 4, 5, 6, 7, 8, 9 1, 2, 4, 8, 9 1, 2, 4, 8, 9 III
9 1, 2, 3, 4, 5, 6, 7, 8, 9 1, 2, 4, 8, 9 1, 2, 4, 8, 9 III  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Hierarchical relationship model of challenges to lean manufacturing implementation 
 
2.5 Analyze the relationship dynamics and categorize lean implementation challenges into groups 
In order to analyze the relationship dynamics between the challenges of implementing lean manufacturing, a 
beneficial method involves grouping the elements. In our case, groups can be established based on the capacity to 
influence other challenges (MI score) and also the probability to be influenced by other challenges (MBI score). The 
values for MI and MBI indicate the influencing and influenced strength of each lean implementation challenge. By 
plotting the influencing (MI) versus influenced (MBI) graph in Figure 2, three distinct groups are visible. The three 
clusters labelled Group I, Group II and Group III, provides management the ability to categorise the challenges and 
form implementation strategy to overcome the obstacles. 
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Figure 2: Influencing-influenced diagram of challenges of lean manufacturing implementation 

 
Among the reasons that exist as motivation to categorize the challenges into clusters are due to a difference in the 
level of influence and vulnerability of each challenge towards lean implementation in the Malaysian E&E industry. 
The challenges may also differ in terms of influence duration and magnitude. In addition, the contrasting challenges 
require different risk mitigation tools or techniques in order to tackle the uncertainty brought about by the numerous 
challenges. Most importantly, the significance of each challenge differs comparatively for those implementing lean 
manufacturing.  
 
3. Discussion 
A successful journey to implement lean manufacturing by the Malaysian E&E industry strongly depends on the 
ability to identify the sources, characteristics and dynamics of challenges that act as a hindrance to lean 
implementation. The challenges have differing influence on production systems. Some of these challenges are 
brought about by the internal environment such as manufacturing processes or external environment driven by 
customer. The consequences of these challenges on lean implementation may be mild or severe depending on its 
impact on manufacturing yield and product quality. The extent and level of risks caused by the challenges varies for 
each organization and the type of industry they are involved in. Thus, employing the right strategy and having 
proper practices and policies put in place plays a significant role to mitigate the risks posed by the challenges. As 
such, in order to develop effective business strategies, the fundamental starting point would be to identify and 
analyze lean implementation challenges.  
 
In this paper, nine key lean manufacturing challenges encountered by a well known E&E organization operating in 
Malaysia have been identified. With the aid of the ISM methodology, the hierarchical relationship model (HRM) is 
developed to organize, impose order, and explain the complex relationship direction between the challenges. In the 
HRM model, challenges on level I, the top level have high dependence values (MBI) and low values for driving 
power (MI). In contrast challenges in the bottom level, level III has high MI score and low MBI score. It is observed 
that MI scores increase from top to bottom while MBI scores increase from bottom to top in the HRM model.  
Challenges placed on the top level of the HRM model, with very high MBI scores and dependencies, are the final 
outcomes of the contextual relationship structure investigation. All the remaining lean challenge are within reach of 
the elements at the top structural level.  
 
Based on the HRM model that has been developed, it is shown that in order to mitigate challenges in deploying lean 
manufacturing, a key contributing factor that needs attention is the lack of a common vision among the various lean 
implementation stake-holders (challenge 8). When a common vision does not exist, it leads to the propagation of 
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non lean behaviours (challenge 9) and also causes non effective methods (challenge 4) such as inefficient inventory 
management to occur. Another contributing factor to the ineffective ways is due to pressure from the customer 
(challenge 2) which can take many forms and cause demand uncertainty (challenge 1). Once the serious 
implications, challenges and gaps become obvious, top management needs to put pressure (challenge 3) and take 
leadership to initiate corrective actions to overcome the issues. A holistic approach that top management can safely 
rely on is to ensure sufficient training (challenge 7) is provided to all organization employees. To aid the training 
process, effective communication (challenge 6) would be vital to ensure efficient knowledge transfer and 
information sharing. In a lean environment, Kaizen notice boards or real-time productivity boards are excellent 
communication channels. Unobstructed, spontaneous and rapid communication both horizontally and vertically are 
both important in lean deployment. The outcome of any project implementation (challenge 5) to improve yield, 
quality or customer satisfaction will be highly influenced by employee's level of technical skills and knowledge.  
 
Three groups or clusters are formed in the influencing vs. influenced graph depicted in Figure 2, Group I consists of 
challenges (uncertainties in demand (1), pressure from customer (2), non effective method (4), lack of common 
vision (8) and non lean behaviour (9)). All these challenges are placed at level III, the bottom of the HRM model 
and act as the basic cause for the study. Characteristics of variables in Group I are challenges with high MI or 
driving power scores and low dependencies or MBI score. Among the challenges, ‘lack of common vision' is 
fundamentally the most influential element and the HRM model shows it as the core driver in the system. As such, 
the organization must develop a strategic risk mitigation solution to overcome the challenges. The variables in group 
I can be symbolically referred to as the root of the issue and warrants serious attention from the company. All the 
stake-holders both internal employees and also external suppliers need to collaborate and work together in order to 
ensure success in the quest to implement lean manufacturing.  
 
Group II consists of only challenge 3, pressure from top management. The challenge in Group II is influenced by 
Group I challenges and leads to Group III challenges. Challenge 3 has moderate MI score and higher MBI score. 
Challenge 3 acts as a linkage variable connecting challenges in group 1 with group 3. Challenge 3 occurs due to the 
gaps and issues brought about by the challenges in Group I. A strategic and concise effort by management to tackle 
the challenges in group I will serve useful to overcome challenge 3.  
 
Group III consists of challenges such as projects implementation (5), knowledge and information transfer (6) and 
training (7). Challenges in group III have high MBI and low MI scores placing the challenges in group III at the top 
level of the HRM model. The high dependencies and low driving power indicate that they require other challenges 
in group I and group II to support it to overcome the challenges. Challenges 5, 6 and 7 represent the final resultant 
outcome for all the challenges in the system. Organizations implementing lean manufacturing must strategize to 
make it a priority to ensure employees are provided adequate training in order to successfully implement lean. The 
knowledge and information sharing challenge needs to be resolved as effective communication is a vital key for lean 
success. In a lean environment, knowledge and information flows horizontally and vertically at a rapid pace in order 
to solve problems and continuously improve. With sufficient training and efficient knowledge and information 
transfer, we can expect to overcome challenges in project implementation.  
 
4. Conclusion 
The study systematically investigated the challenges to lean implementation in the Malaysian E&E industry. The 
ISM (interpretive structural modelling) methodology was employed to study the contextual relationship and explore 
the complex dynamics between challenges to lean implementation. A hierarchical relationship model (HRM) was 
developed to organize, impose order, and explain the relationship direction between the lean implementation 
challenges. Amidst the nine lean implementation challenges that was identified, ‘lack of common vision' was the 
most dominant element and the HRM model placed it as the core driver in the system. Therefore as a remedy, 
communication channels both vertically and horizontally should be enhanced to facilitate continuous flow of 
feedback, knowledge, policy and strategies between employees and the organization. Based on the findings, top 
management and decision makers will gain useful insights to assist them to optimize their limited resources in order 
to overcome critical challenges that pose risks to their operation. Though the study used electronics firm as a 
backdrop, the result can be easily extrapolated to any industry that has short product life span, strict industrial 
protocol and a constantly changing environment. 
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Some of the limitations of this study can be due to the rigidity of the ISM process. During the course of the ISM 
analysis, it is an arduous task to add, delete, combine or redefine elements. The complex ISM process which is time 
consuming and the inability to easily include minority perspectives pose as issues too.  

 
It will be interesting for future studies to extend the model to investigate the challenges of lean implementation in 
other manufacturing industry such as automotive, furniture or other consumer goods. However certain variables may 
change as the experts in the particular industry will be able to decide specific contextual relationships that best fit 
their industry. More work can also be done to utilize structural equation modelling (SEM) to statistically test the 
model developed with the ISM methodology. Both of these analytical techniques compliment each other. While the 
ISM methodology has the ability to generate an initial model through managerial techniques such as interview and 
brain storming, SEM comes with the capability to statistically test any hypothetical model that has been developed. 
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