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Abstract 

Applying Lean manufacturing philosophy is one of the most important concepts that help 

enterprises to gain competitive advantage in the world market. Lean manufacturing or lean 

production is a production practice, which regards the use of resources for any work other than the 

creation of value for the end customer, as waste. Although a lot of companies started implementing 

Lean concept, and the number of Lean tools, techniques and technologies available to improve 

operational performance are growing rapidly, only ten percent or less of the companies achieved 

significant results. The purpose of the paper is creating a model illustrating successful Lean 

implementation based on prior analysis of Lean implementation progress measurement and the 

main barriers identification. Implementation of Lean philosophy and principles can be described as 

a set of actions and processes starting with planning the change and, defining the success factors, 

and finishing with the implementation and measurement of the progress. For each of the 

improvement dimensions, several groups of indicators with a set of metrics can show and measure 

the company’s progress: elimination of waste; continuous improvement; continuous flow and pull-

driven systems; multifunctional teams; and information systems. Authors of this paper present the 

original model of the Lean implementation process, which includes success factors, barriers and 

progress measurement metrics. 
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1. Introduction 

Lean is a philosophy of manufacturing that incorporates a collection of principles, tools and 

techniques into the business processes to optimize time, human resources, assets, and productivity, 

while improving the quality level of products and services to their customers (Ronald, 2001). 

Applying Lean manufacturing philosophy is one of the most important concepts that help 

enterprises to gain competitive advantage in the world market. The waste-elimination concept of 

Lean manufacturing has a significant impact on various industries. Numerous tools and techniques 

have been developed to tackle specific problems in order to eliminate non-value-added activities 

and become lean.  

The problem. Although Lean manufacturing has been widely recognised for its effectiveness 

in continuously improving productivity, product quality, and on-time delivery to customers and 

despite the fact that a lot of companies started implementing Lean concept, only 10 percent or less 

of the companies succeed in implementing Lean manufacturing. Even though the number of 

available Lean tools, techniques and technologies for the improvement of operational performance 

is growing rapidly, the companies that attempted to use them failed to produce significant results. 

Despite significant studies and works on Lean manufacturing, this field has struggled with the lack 

of clarity on how to make Lean implementation more successful and what measures could be taken 

to facilitate it.  

The background of Lean concept. The concept of producing products in a ”Lean” manner 

was first introduced by a research group after studying the Japanese style of manufacturing, mainly 
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Toyota Production Systems (TPS), in the 1980s (Womack, Jones & Roos, 1990). With the unique 

culture of continuous improvement, Toyota put together numerous tools and methodologies to 

eliminate wastes and enhance leanness of manufacturing systems (Monden, 1998). In an attempt to 

generalize the work of Toyota for other manufacturing settings, Krafcik (1988) coined the term 

“Lean” to highlight the principles of limiting inventory and excess workers, or “waste”, as opposed 

to other auto manufacturers’ “buffered” approaches (Hopp & Spearman, 2004; Staats, Brunner & 

Upton, 2011). Later “Lean” was defined by Howell (2001) as “Give customers what they want, 

deliver it instantly with no waste”. 

Lean production can be described at different levels of abstraction: it can be defined as a 

philosophy, as a set of principles and as bundles of practices. Womack and Jones (1996) define 

Lean production as a business and production philosophy that shortens the time between order 

placement and product delivery by eliminating waste from the product’s value-stream. They present 

the Lean Thinking in a systematic way and summarize five critical elements of Lean 

implementation, i.e. value for the end customer, value stream mapping (VSM), continuous flow, 

pull driven systems, and the pursuit of perfection. These five principles resulted from a five-year 

benchmarking study conducted at Massachusetts Institute of Technology (MIT), regarding car 

production all over the world.  

However, the dominant view in describing and measuring Lean production rests on a set of 

practices and tools used in eliminating waste (Shah & Ward, 2003; Narasimhan, Swink & Kim, 

2006). While researchers disagree on the exact practices and their number, there is general 

consensus that there are four main aspects of Lean production, and they frequently group related 

practices together into bundles. These are practices associated with the quality management, pull 

production, preventive maintenance, and human resource management (Cua, McKone & Schroeder, 

2001; Shah, Chandrasekaran, & Linderman, 2008). Beside the Lean tools, several performance 

metrics were developed to evaluate the improvements in Lean implementation.  

The term ‘leanness’ was interpreted diversely in the scientific literature. Comm and Mathaisel 

(2000) describe leanness as a relative measure for whether a company is lean or not. McIvor (2001) 

uses the term “total leanness” to imply a perfectly lean state with several key dimensions of lean 

supply. Soriano-Meier and Forrester (2002) evaluate the degree of leanness of manufacturing firms 

using nine variables suggested by Karlsson and Ahlstrom (1996). Radnor and Boaden (2008) 

summarize several interpretations of leanness, including an ideal state of lean, a context-dependent 

process, an ideal to be pursued, a condition of being lean, a particular state of the relationships 

between the facets of a system, and a journey to the ideal. 

Various Lean assessment surveys, such as Feld (2000), Conner (2001) and Jordan, Jordan Jr. 

& Michel (2001), have been proposed to guide users through the Lean implementation. For typical 

Lean assessment tools, questionnaires are developed to survey the degree of adoption of Lean 

principles. 

Although the Lean indicators of assessment tools are designed to cover critical Lean 

principles, a fixed set of indicators cannot fit every system. The resulting scores may not represent 

the leanness level appropriately. A dynamic assessment approach proposed by Wan and Chen 

(2006) applies different templates of Lean indicators adaptively. Besides the assessment 

approaches, the quantitative Lean metrics also concern the leanness level. Allen, Robinson, and 

Stewart (2001) categorize the metrics into productivity, quality, cost, and safety. Detty and Yingling 

(2000) utilize simulation models with several performance metrics to quantify potential benefits of 

Lean implementation. However, the need to evaluate the overall leanness has not been fully 

addressed. An integrated leanness measure has not been established (Wan & Chen, 2008). As each 

metric contributes only partially, a group of metrics are needed to measure the progress achieved 

and to outline the overall leanness level. 

The purpose of the paper is creating a model illustrating successful Lean implementation 

based on prior analysis of Lean implementation progress measurement and the main barriers 

identification. 
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2. Method 

To fulfil the aim of the study these research methods were applied: the analysis and synthesis 

of scientific literature, logical analysis, analysis of statistical data, and graphic representation. The 

conducted analysis of scientific literature disclosed the essence and importance of Lean concept. 

Synthesis of scientific literature allowed finding out the core principles of Lean manufacturing. On 

the base of empirical studies and scientific literature review three groups of barriers for Lean 

implementation — people related barriers, technical and organizational barriers — were identified. 

As a result of extensive literature review the model illustrating successful Lean implementation 

process was presented.  

Lean Manufacturing Implementation Process and Progress Measurement 

Implementation of Lean philosophy and principles can be described as a set of actions and 

processes including planning the change, Lean tools and techniques, defining the success factors 

and barriers, and finishing by implementation and measuring the progress. Summarizing Martinez 

and Perez (2001), Anchanga (2006), Pettersen (2009), Sim and Rogers (2009), Radnor and Boaden 

(2008), Duque and Cadavid (2007), Upadhye, Deshmukh, and Garg (2010), Bollbach (2012), and 

Čiarnienė and Vienažindienė (2012), authors of this paper present the model for successful Lean 

implementation (see Figure 1).  

 

 

Planning the Change: 

 Need for change 

 Top management 

commitment and support 

 Target areas and 

propagation strategy 

 IMPLEMENTATION 

Success Factors: 

 Preparation and 

motivation of people 

 Roles in the change 

process 

 Methodologies for 

change 

 Environment for change 

Tools: 

 Value stream mapping  

 5 S 

 Kaizen 

 One piece flow 

 Cellular Manufacturing System 

 Inventory management 

 Mistake Proofing 

 Single Minute exchange of Die  

 Standardized work 

 Total Productive Maintenance  

 TQM and Statistical Quality 

Control 

 And others 

Progress Dimensions: 

 Waste elimination 

 Continuous improvement 

 Continuous flow and Pull-driven systems 

 Multifunctional teams 

 Information systems 

 

 

Barriers: 

Organizational                             People related                             Technical 

 

Figure 1. The model for successful Lean implementation 
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In the presented model these implementation activities should lead to improvement in five 

dimensions: elimination of waste; continuous improvement; continuous flow and pull-driven 

systems; multifunctional teams and information systems.  

1. Waste is everything that does not add value to the product, like inventories, machine 

setups, machine downtime, movement of parts and scrap. 

2. Continuous improvement: It represents the conviction that improvement efforts are never 

finished, and it is the consistency to keep the discipline for improvement in place. 

3. Continuous flow and Pull-driven systems: It is the ability to abandon the batch mentality 

and adjust the processes to accept smoother movement of products through the line, which 

are going to be triggered by the pull of the customer of each process.  

4. Multifunctional teams: In Lean implementations, teams have more responsibility and 

autonomy, so improvement and problem-solving can happen closer to the source. Also, to 

make flexibility in the line feasible, it is necessary to have a multi-skilled workforce.  

5. Information systems: The reduction of vertical levels in the structure, and the autonomous 

operation that teams have to reach, makes necessary that employees have timely access to 

better information to enable problem solving and decision making. It does not necessarily 

mean, but it certainly does not exclude, computerized information systems. 

It is necessary to show progress and to assess the effectiveness of the different changes, tools and 

techniques that are implemented. For each of the improvement dimensions, several indicators and 

metrics can show the progress. Summarizing Karlsson and Ahlstrom (1996), Niepce and Molleman 

(1996), Forza (1996), Martinez and Perez (2001), McDonald, Rentes and Van Aken (2002), and Duque 

and Cadavid (2007), indicators for Lean implementation measurement are presented in Table 1. 

Table 1. Indicators for Lean implementation measurement 

Progress 

dimensions 
Metrics and Indicators 

Elimination of 

waste 

 Work in process (WIP): Value of WIP in the line. 

 Setup time: Time spent in setups/ total productive time (percentage). 

 Machine downtime: Hours-machine lost due to malfunction/Total machine hours 

scheduled (percentage). 

 Transportation: Number of parts (trips) transported and distance. 

 Space Utilization: How much area does the line need, including its WIP and tools. 

Continuous 

improvement 

 Number of suggestions per employee per year. 

 Percentage of suggestions that get implemented. 

 Scrap: % of the products that need to be scrapped. 

 Rework: % of the units that need to be sent to rework. 

Continuous 

flow and Pull-

driven systems 

 Lot sizes: Average lot size for each product. 

 Order flow time: Time an order spends being processed in the shop floor. 

 Order lead time: Average time from the placement of an order (by a customer) to its 

delivery. 

 Pulling Processes: Percentage of the line processes that pull their inputs from their 

predecessors. 

 Pull Value: % of the total annual value or throughput of the system that is scheduled 

through pull mechanisms. 

Multifunctional 

teams 

 Autonomous control: % of quality inspection carried out by the team. 

 Work team Task Content: % of the tasks required to make the product performed by 

the team. 

 Cross training: Average over team members of Number of skills a team member 

possesses/Number of skills needed in a team. 

 Number of employees capable of assignment rotation. 

Information 

systems 

 Frequency with which information is given to employees. 

 Percentage of procedures that are documented in the company. 

 Frequency with which the line or cell progress boards are updated. 
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Across the world many authors have studied Lean manufacturing system implementation 

improvements reports’ using empirical studies and case studies. The overview of these issues 

improvement level based on CITEC (2001), Zimmer (2000), Upadhye, Deshmukh and Garg (2010) 

is presented in Figure 2.  

According to the given statistics, the most significant progress is seen in such improvement 

areas as return on assets (100 %), on time delivery (99 %), machine availability (95 %), machine 

setup time reduction (80-90 %), reduction in floor space (80 %), and inventory reduction (75 %).  
 

 

Figure 2. Improvement level after Lean concept implementation 

Despite the quite significant results some barriers emerge that make Lean implementation 

process challenging. The analysis of scientific literature revealed that various authors emphasize 

slightly different barriers and challenges to Lean manufacturing implementation. Bollbach (2012) 

depictes the social and technical barriers, while Radnor et al. (2006) highlight barriers related with 

people issue, process issue, and sustainability issue. Summarizing Radnor and Walley (2008), 

Brandão de Souza (2009), Alinaitwe (2009), Brandão de Souza and Pidd (2011), Čiarnienė and 

Vienažindienė (2012), and Bollbach (2012), authors of the presented model (see figure 1) highlight 

three types of barriers to Lean manufacturing implementation: people related barriers, 

organizational and technical barriers. One of the major mistakes and reasons of unsuccessful 

implementing of Lean concept is focusing on tools and techniques instead of sufficient 

consideration to personally related issues. Lean as a philosophy must be clearly understood and 

rated at the top managerial level and involved into the company‘s strategy. Technical barriers 

mostly depend on the specific organization. Presented classification of barriers to Lean 

implementation is very overall. Barriers can differ depending on the sector of economy and specific 

company. 

According to the empirical research conducted by Pirraglia, Saloni and Van Dyk (2009), 

Figure 3 depicts the main barriers, which prevent or delay Lean Manufacturing implementation.  
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Figure 3. Barriers to Lean manufacturing implementation 

The main barriers that were seen as preventing the adoption of Lean Manufacturing principles 

and techniques were the backsliding to old ways of working, lack of implementation know-how, 

and employee and middle management resistance. 

3. Discussion 

Lean Manufacturing is much more than a manufacturing technique. It can be described at 

different levels of abstraction: as a philosophy, as a set of principles and as bundles of practices. It 

is a different way of thinking, the different attitude the way operations are done and the way value 

is added. 

Lean Manufacturing implementation is a multiplex process, a set of actions that requires 

planning the change and the establishment of possitive environment, preparation, implementing 

various tools and techniques, and measuring the achieved progress using specific performance 

metrics.  

The results of this research can be useful for scientists analyzing this topic from theoretical 

and empirical perspective, and for practicians implementing Lean concept in business. 
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