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Abstract 

Implementing Lean in the United States transportation equipment manufacturing 

industry holds the promise for improvements in, among other things, productivity, quality, and 

innovation, resulting in more competitive success and profits.  Although Lean has been applied 

throughout the industry with noted success, there have been some difficulties in demonstrating 

the financial benefits derived from Lean initiatives.  Most of the evidence supporting a positive 

relationship between Lean implementation and improved financial performance is anecdotal. 

As companies have become more proficient in carrying out Lean initiatives in manufacturing, 

they have extended Lean ideas to other parts of their organization and throughout the entire 

supply chain.  Nowadays, it is widely recognized that a holistic, enterprise-wide view is critical 

to obtain the potential benefits of a Lean transformation. 

However, Lean transformations are often undertaken without consideration of 

supporting functions such as accounting and finance.  Lean transformation in accounting and 

finance should be run in the same way as it is in the manufacturing environment by decreasing 

reporting cycle time, improving transaction processing accuracy, eliminating unnecessary 
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transaction processing, changing product costing procedures, and financial reporting among 

many other things, but there is limited empirical evidence of that happening. 

To address these shortcomings, this research focuses on three areas.  First, this study 

aims to evaluate transportation equipment manufacturing facilities in respect to their 

operational and financial performance.  Second, this study aims to investigate the extent of 

Lean implementation of a given operation in respect to leadership, manufacturing, accounting 

and finance, and supplier and customer relationship and correlate these results to their 

performance.  Finally, this study aims to further examine the contextual characteristics of 

companies that successfully aligned their systems with Lean. 

A mixed-mode survey, addressed to a subset of the United States transportation 

equipment manufacturing industry, asked questions pertinent to companies’ Lean 

transformation efforts, performance, and general characteristics.  During the four months long 

survey period, a total of 69 valid responses were received, for a response rate of 3.78 percent.  

From the 69 valid responses, 8 responses were eliminated due to containing more than 20 

percent missing values.  Multiple imputation procedure was applied to handle remaining 

missing values in the dataset.  Before testing study hypotheses, scale reliability and construct 

validity tests were run to decide whether a particular survey item should be retained in further 

analysis.  Study hypotheses were then tested using profile deviation analysis, multiple 

regression analysis, and hierarchical regression analysis. 

When the level of Lean implementation and performance relationship was investigated 

using a multiple regression analysis, results did not show any evidence that the higher level of 
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Lean implementation along four business dimensions (leadership, manufacturing, accounting 

and finance, and supplier and customer relationship) of transportation equipment 

manufacturing facilities positively influences their operational and financial performance.  

However, it was revealed that the higher level of Lean implementation in transportation 

equipment manufacturing facilities’ manufacturing dimension resulted in better quality 

performance as measured by first-time through, inbound quality, and outbound quality.  When 

the same relationship was investigated using a profile deviation analysis, results were identical. 

When the level of Lean implementation in accounting and finance and its relationship 

with performance was investigated using a single regression analysis, results showed that the 

higher level of Lean implementation in transportation equipment manufacturing facilities’ 

accounting and finance dimension has a positive effect on accounting performance and on 

operational performance (e.g., on time-based performance and delivery-based performance), 

but no effect on financial performance.  When the same relationship was investigated using a 

profile deviation analysis, results were different by showing no relationship between the level 

of Lean implementation in transportation equipment manufacturing facilities’ accounting and 

finance dimension and accounting, operational, and financial performance. 

Lastly, the effect of contextual variables (e.g., industry segment, location, annual sales 

volume, and unionization) on performance, the level of Lean implementation, and the 

performance – Lean implementation relationship was investigated using hierarchical 

regression.  Results showed that transportation equipment manufacturing facilities’ 

performance is influenced by annual sales volume.  Their level of Lean implementation in the 
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accounting and finance dimension is influenced by location, while their performance – Lean 

implementation in the accounting and finance dimension relationship is influenced by industry 

segment. 
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 Introduction 

1.1. Research Background 

The primary purpose of this study is to investigate if different levels of Lean 

implementation in three sub-segments of the transportation equipment manufacturing 

industry (NAICS 3361 - 63) are associated with different operational and financial outcomes.  

Special attention is given to Lean implementation in accounting and finance and its impact on 

business results.  In this study, Lean refers to a management concept originating from the 

Toyota Production System (TPS), a strategic management initiative credited with improving 

productivity, quality, supply chain efficiency, and speed of new product development, among 

other things (Byrne and Womack 2013, Shimokawa et al. 2009, Emiliani et al. 2003, Womack 

and Jones 1996, Womack et al. 1990). 

During the 1970s and beyond, the Toyota Motor Company became “…Japan’s number 

one profit maker… (Shingo and Dillon 1989, p. xix),” a feat that many credit to the development, 

implementation and practice, and continuous development of TPS (Liker 2003, Emiliani et al. 

2003).  Starting in the 1970s, Toyota began to outperform its U.S. competitors in terms of 

product quality, on-time delivery, and reliability, among other things (Shingo and Dillon 1989).  

While U.S. businesses had focused on improving profitability by cutting costs and increasing 

sales volume, the Japanese persistently pursued waste reduction, quality improvements, and 

respect for their employees as an integral part of their Lean business strategy (Shah and Ward 

2007).  Then, starting in the 1980s, when Toyota was making inroads against their U.S. 
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competitors, the U.S. Federal Government launched a research project to investigate 

production methods used in the motor vehicle industry worldwide.  This research project 

revealed and acknowledged the superiority of the Japanese production systems, and especially 

the Toyota Production System (Womack et al. 1990).  Starting from the 1990s, U.S. businesses 

began to learn from Japanese masters in the practice of Lean (“sensei”) in an attempt to 

replicate the highly publicized Japanese success stories.  As a result, learning from these sensei, 

many U.S. motor vehicle manufacturers and their suppliers started their own Lean journeys and 

later Lean was implemented in other industry segments as well.  Success stories, some 

stemming from the world’s leading organizations, such as Boeing, Goodyear, Watlow, and 

MarquipWardUnited, increased expectations of achieving impressive results through the 

implementation of Lean practices (Koenigsaecker 2009, Emiliani et al. 2003, Womack and Jones 

1996). 

However, reports about Lean implementations have not only been positive.  Reasons for 

not achieving the expected outcomes include lack of top management commitment, lack of 

team autonomy, and lack of organizational communication, among others (Scherrer-Rathje et 

al. 2009).  Also, as Emiliani et al. (2003) pointed out, companies transforming only selected 

parts of their business using a sequential approach over an extended period of time may not 

achieve the expected results.  Indeed, some companies have stopped their Lean transformation 

due to disappointing results or transformational difficulties, causing confusion as to whether 

Lean is a pathway to improved performance (Scherrer-Rathje et al. 2009). 
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1.2. Research Problem 

Today, numerous U.S. companies have made a commitment to Lean with the implied 

belief that their commitment will lead to improved operational and financial performance that 

can be objectively measured.  Organizations understandably desire to have “…Customers willing 

to pay; investors willing to invest; communities willing to support; and employees willing to 

commit their trust, confidence, and careers… (Miller 2012, p. 18)” while assuring long-term 

business sustainability.  All these outcomes can supposedly be achieved through successful 

Lean transformation efforts and the continuous practice of Lean.  Becoming mature in Lean, 

however, requires time and commitment from every level of the company.  Excluding 

supporting functions, such as administration or accounting, from the Lean transformation, may 

limit the effectiveness of improvement activities and may result in lower performance 

outcomes than expected (Fullerton et al. 2013, Maskell and Baggaley 2006).  However, with or 

without the inclusion of all support functions, previous studies fall short of proving that 

different levels of Lean implementation correlate positively with the organization’s operational 

and financial performance (Fullerton et al. 2013, Fullerton and Wempe 2009, Olsen 2004).  

Therefore, the first objective of this research is to investigate whether the higher level of Lean 

implementation along four business dimensions (leadership, manufacturing, accounting and 

finance, supplier and customer relationship) of transportation equipment manufacturing 

facilities (NAICS 3361-63) result in better operational and financial performance.   

Most companies start the Lean transformation in the manufacturing area and later 

extend the transformation to supporting functions of the business, such as sales and marketing, 
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new product development, or accounting, to name a few.  Although, in the past decade, 

numerous academic and industry experts contributed to the evolution of Lean, the existing 

research falls short on providing evidence of the impact on a business’ performance from Lean 

implementation in the accounting and finance area.  Therefore, the second objective of this 

research is to investigate whether the higher level of Lean implementation in the accounting 

and finance dimension of transportation equipment manufacturing facilities (NAICS 3361-63) 

result in better accounting, operational, and financial performance.   

Many manufacturing companies worldwide are working hard to implement Lean.  

Existing literature indicates that manufacturing facilities operating in different contexts, e.g., in 

different environmental landscape and organizational structures may pursue a different route 

to implement new, state of the art management practices and may present different business 

performance (Cua 2000, Shah 2002, Olsen 2004).  Therefore, the third objective of this 

research is to investigate whether contextual factors effect transportation equipment 

manufacturing performance and the level of Lean implementation.  Moreover, this study aims 

to investigate whether and how these contextual factors may strengthen or weaken the link 

between the level of Lean implementation and performance. 

1.3. Research Methodology 

This dissertation starts out with a literature review of relevant operations management 

concepts with a focus on Lean and then reviews the various constructs considered being 

essential for a successful Lean transformation.  Also, the foundations of designing and collecting 

key performance metrics that can quantify the effect of Lean on a business are discussed.  
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Following this first theoretical review of the state-of-the-art, a nationwide survey is performed 

to test the research propositions.  The survey, using an online survey instrument, is to 

empirically test the research propositions on a sub-segment of the transportation equipment 

manufacturing industry.  The survey instrument comprises of three sections, including Lean 

transformation efforts, performance measures, and general characteristics.  The collected data 

is transformed using multiple imputation methods and a selection of regression models and 

profile deviation analysis are used to test the hypotheses of the study. 

1.4. Organization of the Dissertation 

The dissertation is organized into nine chapters.  Chapter one (1.0 Introduction) includes 

an introduction into the background, objectives, and methodology of this research.  Chapter 

two (2.0 Literature Review) includes the review of literature on Lean and other relevant 

operations management concepts.  Special focus is given to Lean implementation in accounting 

and finance.  Also, the foundations of designing and collecting key performance metrics that 

can quantify the effect of Lean are discussed.  Furthermore, the various statistical tools used in 

this research are reviewed.  Chapter three (3.0 Research Hypotheses) defines the research 

hypotheses of this study in detail.  Chapter four (4.0 Methodology) describes the research 

methodology used to test and analyze this study’s hypotheses and discusses the limitations of 

this study.  Chapter five (5.0 Results) discusses the results of this research including Lean 

implementation’s impact on manufacturing performance; the performance impact of Lean 

implementation in accounting and finance; and the effects of contextual variables on 

implementing Lean and on performance.  Chapter six (6.0 Discussion) synthesizes and discusses 
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the findings presented in the results chapter.  Chapter seven (7.0 Summary and Conclusions) 

summarizes the findings, draws conclusions, and provides directions for future research. 
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 Literature Review 

By developing, implementing, practicing, and continuously improving their business 

principles, the Toyota Motor Company has delivered remarkably consistent success over the 

past 70 years (Shimokawa et al. 2009).  Most new business principles behind the Toyota 

Production System (TPS) have been generated by overcoming crises along the company’s 

evolution; therefore, the following sub-chapter will discuss the evolution of the TPS, and how it 

lead to the incubation and emergence of Lean throughout the world. 

2.1. The Evolution of the Toyota Production System (TPS) and the 

Emergence of Lean 

In the 1930s, the Toyoda family, which was originally active in the textile machinery 

business, was encouraged by the Japanese government to enter the motor vehicle business 

(Womack et al. 1990).  Thus, the family founded the Toyota Motor Company in 1937 to produce 

primarily military trucks for the government during World War II (Womack et al. 1990).  After 

the War, the company intended to stay in the motor vehicle business but faced challenges due 

to small and fluctuating domestic demand, differing customer needs, limited availability of 

capital and technology, and a strong presence of company unions (Womack et al. 1990).  An 

even bigger challenge was that U.S. automakers, at that time, were ten times more productive 

than Japanese automakers, which created a need for the Toyota Motor Company to reconsider 

their entire production system (Shimokawa et al. 2009).  Major milestones of TPS are 

summarized in Figure 1. 
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To improve their production, Toyota in the late 1940s started to conduct basic Kaizen 

events (Kaizen, a Japanese word, standing for “good change” and used to describe an 

improvement event) on the shop floor (Shimokawa et al. 2009).  Today, at Toyota, Kaizen 

events are scheduled minutes after problems are encountered rather than days or weeks later.  

Such immediate Kaizen events, which start as soon as a problem is detected and employees 

tackle problems using the Plan–Do–Check–Act (PDCA) problem solving approach, provide the 

basis of operation for Toyota’s worldwide organization (Shimokawa et al. 2009).  Early on, for 

Toyota to be able to take better control of events happening on the shop-floor, managers 

started to develop standardized work procedures for each job and posted them at each 

workstation (Shimokawa et al. 2009).  These standardized work procedures served and still 

serve as a framework for Kaizen events allowing managers and employees to come up with new 

ideas for improving the standards and to evaluate them systematically using the PDCA problem 

solving approach (Shimokawa et al. 2009).  Standardized work procedures, based on Taylor’s 

framework, set the pace of the work based on what an average worker can handle for a full day 

(Shimokawa et al. 2009, Taylor 1939).  By continuously eliminating waste from processes on the 

shop-floor and continuously improving standardized work, Toyota was able to raise production 

efficiency by approximately six times from 170 cars to 1,000 cars (Shimokawa et al. 2009). 

Raising productivity six times, however, resulted in a large amount of unsold finished 

goods inventory (Shimokawa et al. 2009).  Toyota not only had an issue with its finished goods 

inventory but also with its raw material supply.  Suppliers produced vehicle parts in large 

batches and delivered them to Toyota whenever they happened to have them ready 

(Shimokawa et al. 2009).  By not knowing exactly when to expect suppliers to deliver vehicle 
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parts, Toyota was forced to hire three times more employees than should have been necessary 

to ensure production (Shimokawa et al. 2009).  Consequently, employees often spent two-

thirds of their work time waiting for parts (Shimokawa et al. 2009).  To resolve the issue of 

unbalanced inventory and work, Toyota needed to find a way to ensure that the parts needed 

to arrive at the time and place they were needed (Shimokawa et al. 2009).  This method, today 

referred to as Just-in-Time (JIT) production, was rolled out from department to department 

within the company and later it was extended throughout Toyota’s supply chain.  Indeed, 

extending JIT throughout the supply chain vastly distinguished Toyota from its competitors in 

terms of productivity and on-time delivery (Sugimori et al. 1977).  Managers of Toyota realized 

that only their final assembly department knows the timing and quantity of parts required.  

Toyota ultimately allowed final assembly to request the parts needed from the preceding 

production processes, thereby creating pull, e.g., parts are pulled from one station into the next 

based on final demand (Shimokawa et al. 2009, Monden 1998, Sugimori et al. 1977).  To 

communicate the need for parts between two processes, Kanban cards, e.g., cards that serve as 

a signal to preceding processes to produce and deliver a new shipment of parts, were 

introduced (Shimokawa et al. 2009, Monden 1998, Sugimori et al. 1977).  By using JIT, Toyota 

could split up large batches into small lots so that only the parts that are necessary are kept in 

stock between two processes (Shimokawa et al. 2009).  Reducing the lot size, however, 

required machine set-up times to be reduced dramatically.  To resolve that issue, Toyota 

developed quick changeover procedures by eliminating wasteful activities and separating 

changeover procedures into external setups involving activities that can be performed while the 

machine is running and before the changeover begins and internal setups involving activities 
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that take place when the machine is stopped (Shimokawa et al. 2009).  Also, the company 

started reshaping its factory layout by reorganizing machines and processes into a sequence 

that allowed production to flow in the 1940s (Shimokawa et al. 2009, Monden 1998).  Once 

production flows, leveling production, e.g., taking the total number of orders and leveling them 

out over time in a sequence so that a consistent number of products and a similar product mix 

are being produced each day by both volume and product mix was necessary (Shimokawa et al. 

2009, Monden 1998).  Sequencing and leveling requires machines and well-trained operators 

who are able to handle multiple tasks, identify waste and problems, and who are trained in 

continuous improvement practices (Shimokawa et al. 2009, Monden 1998).   

At Toyota, the entire production system is built around people (Shimokawa et al. 2009, 

Sugimori et al. 1977).  All employees are treated with respect, they take responsibility, and are 

given authority (Shimokawa et al. 2009, Sugimori et al. 1977).  For example, if an employee 

feels unable to keep up with the pace of production or detects a defective part, he is allowed to 

stop the entire line by pushing a button (called an “Andon”) without any penalty (called Jidoka; 

Shimokawa et al. 2009, Sugimori et al. 1977) . 
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TPS being designed in an environment where resources were scarce has a unique focus 

on how resources are used with a particular focus on the elimination of waste.  The system is so 

well designed from the standpoint of managing people, systems, and processes that it enabled 

historic gains in productivity and quality in the second half of the 20th century (Shimokawa et al. 

2009).  Toyota’s success generated considerable interest from businesses, academics, and 

practitioners about its manufacturing and management practices.  In the early 1990s, Womack 

et al. (1990) presented a comprehensive overview of the TPS to the western world.  Their book, 

“The Machine that Changed the World” was the outcome of a research project funded by the 
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Figure 1:  Evolution of the TPS (adopted from Shimokawa et al. 2009) 
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U.S. federal government.  This project started in 1984 and the objective was to better 

understand the new Japanese management system, which enabled Toyota’s superior 

performance (Womack et al. 1990).  The term Lean was coined by John Krafcik, a team member 

working with Womack and Jones on the project.  John indicated that the TPS is Lean because 

“…It uses less of everything compared with mass productions – half the human effort in the 

factory, half the manufacturing space, half the investment in tools, half the engineering hours to 

develop a new product in half the time.  Also it requires keeping far less than half the needed 

inventory on site, results in many fewer defects and produces a greater and ever growing 

variety of products…  (Womack et al. 1990, p.13).”  Today, it is widely acknowledged that by 

applying Lean, companies can improve their performance through carefully defining value from 

a customer’s perspective and by constantly identifying and eliminating waste, e.g., non-value-

adding processes, inventories, and behavior (Shah and Ward 2007, Wood et al. 2004, Shah and 

Ward 2003, Pil 1996, MacDuffie 1995, Krafcik 1988). 

  To get a better understanding on how the Toyota Motor Corporation can continuously 

provide the best quality, lowest cost, and shortest lead time through the elimination of waste, 

individual elements of the TPS will be discussed in the next sub-chapter. 

2.2. Individual Elements of the Toyota Production System (TPS) 

The Toyota Production System (TPS) has been established through decades of 

continuous improvement with the goal of creating and delivering quality products to customers 

in the most effective and efficient way possible (Liker 2003).  This goal is best reached through a 

production system where processes do not work in isolation but work as a comprehensive 
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system (Liker 2003).  The TPS House (illustrated on Figure 2) is a reflection of a structural 

system that represents the interdependence of its components; meaning that if one element of 

the system is missing or not strong enough, the entire system will face the consequences.  The 

TPS House was developed by Toyota’s management to visualize and explain Toyota’s 

production system (TPS) to their employees and suppliers (Liker 2003).  The TPS House consists 

of five major sections; a foundation, two pillars, a central section, and a roof (Liker 2003). 

 

Figure 2:  The Toyota Production System (TPS) House (Liker 2003, p.33) 

The foundation of the TPS House, like the foundation of a real house, needs to be strong 

enough to support the walls, the center of the house, and the roof (Liker and Hoseus 2008, 

Liker 2003).  As Liker (2003) and Liker and Hoseus (2008) explain, the effort invested into the 
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House’s foundation will create long-term sustainability of the system.  The “Toyota Way 

Philosophy” of generating value for the customer, society, and the economy represents the 

basis of this foundation.  It is a philosophical sense of purpose, a true north that the 

organization is heading towards in the long-term.  Everyone at Toyota must understand this 

philosophy to produce value and move the company forward.  To help everyone understand 

how work is performed and whether it is deviating from the standard, “visual management” 

control is used at Toyota (Liker and Hoseus 2008, Liker 2003).  Using visual performance 

indicators at the work place provides immediate feedback to all employees and managers on 

whether the actual production outcome differs from the expected outcome so as to expose 

abnormalities immediately that they can be eliminated permanently and consistent output can 

be generated (Liker 2003, Monden 1998).  To generate consistent output, processes must be 

“stable and standardized” (Liker 2003, Womack and Jones 1996).  At Toyota, stability and 

standardization adds discipline to the culture and provides a baseline for continuous 

improvement by allowing employees to familiarize themselves with current best practices and 

providing them with opportunities to creatively improve the standard (Liker 2003, Spear and 

Bowen 1999, Womack and Jones 1996).  Once a standard is improved, it is incorporated into a 

new standard and becomes the new baseline for further improvement.  To create stability and 

make standardization easier, it is necessary to prevent fluctuation that occurs in production and 

in supplies by using “leveled production” (Heijunka in Japanese, Shimokawa et al. 2009, Liker 

2003, Monden 1998).  Toyota mixes its products in each production batch according to 

customer demand but ensures that there is an inventory of parts proportional to the 

fluctuation in demand (Shimokawa et al. 2009, Liker 2003, Monden 1998).  To level out the 
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production, the company needs to make sure that components are sequenced and are 

available in the right quantity and at the right time, while changeover periods for essential 

processes are as short as possible (Shimokawa et al. 2009, Liker 2003, Monden 1998). 

The two pillars of the TPS House are represented by Just-in-Time (JIT) and Jidoka (Figure 

2).  “Just-in-Time” means producing only what is needed, at the time, the place, and in the 

amount it is needed (Ohno 1988).  In a manufacturing environment, Just-in-Time translates into 

supplying the production line with the required number of parts so that all orders can be 

assembled on schedule (Liker 2003, Monden 1998, Ohno 1988).  At Toyota, Just-in-Time is 

based on “pull,” meaning that the production is driven by customer demand (Liker 2003, 

Womack and Jones 1996, Ohno 1988).  Once an order is received, production instructions are 

sent to the line and assembly begins.  The assembly line then automatically replaces the parts 

that were used during the production by retrieving the same number of parts from the 

preceding processes (Liker 2003, Womack and Jones 1996, Ohno 1988).  The preceding 

processes then must be fed with the same numbers of all parts and produce the parts that were 

retrieved by an operator from the downstream process (Liker 2003, Womack and Jones 1996, 

Ohno 1988).  Applying pull effectively means relying on a production control system called a 

“Kanban” system (Monden 1998).  In a Kanban system, Kanban cards with selected product 

information, e.g., product’s name, code, and storage location are used, so when a process 

refers to a preceding process to retrieve parts, it uses Kanban cards to communicate which 

parts have been used and must be replenished (Monden 1998).  To produce orders based on 

customer pull and to supply all necessary parts to each process on the assembly line on-time, 

the rate of customer demand must be calculated (Rother et al. 1999, Womack and Jones 1996).  
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The rate of customer demand is called “takt time” and is calculated by dividing the available 

work time per day in seconds with the daily customer demand in units (Rother et al. 1999, 

Womack and Jones 1996).  Takt time is responsible for synchronizing the pace of production 

with customer demand (Rother et al. 1999, Womack and Jones 1996).  In order to produce 

according to takt time, the product must “flow” through the entire value stream continuously 

and smoothly from the beginning to the end without interruptions, delays, waiting times, or 

rework within or between process steps (Womack et al. 2002, Rother et al. 1999, Womack and 

Jones 1996).  At Toyota, to deal with high variability of products and still ensure Just-in-Time 

production, quick changeover procedures are introduced to reduce the time it takes to change 

a line or machine from running one product to the next (Yash and Nagendra 2012, Monden 

1998).  The main purpose of Just-in-Time production is to minimize all inventory levels, 

including raw material, work in process, and finished goods inventories while freeing up 

resources and capacity to improve efficiency (Liker 2003, Monden 1998, Ohno 1988).  

The second pillar of the TPS House, “Jidoka,” translates as automation with human 

touch (Shimokawa et al. 2009, Sugimori et al. 1977).  Jidoka is a cost-effective quality control 

technique that combines automation with human interaction to detect abnormalities and take 

immediate actions (Shimokawa et al. 2009, Sugimori et al. 1977).  The automation side of Jidoka 

means designing equipment in a way that they “automatically stop” when an abnormality 

occurs and draw attention to the problem (Shimokawa et al. 2009, Sugimori et al. 1977).  The 

automatic stop becomes available through “error proofing” (Poka-Yoke in Japanese) which 

means that in-built quality sensors prevent errors from happening (Monden 1998).  Once an 

abnormality occurs, the Poka-Yoke device automatically stops the line, while the Andon device 
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provides an illuminated signal, a sign, or alarm to the operator that highlights the area where 

actions need to be taken (Monden 1998, Womack and Jones 1996).  The “person-machine 

separation” means that a person needs to react when a machine indicates that actions need to 

be taken.  The human side of Jidoka means empowering employees with the ability to interrupt 

the production line when something suspicious occurs, correcting the problem immediately, 

and preventing reoccurrence (Liker 2003).  To correct a problem permanently requires finding 

and understanding the “root cause” of the problem and identifying countermeasures for 

eliminating it to ensure that the same problem will never occur again (Liker 2003).  The overall 

purpose of Jidoka is to ensure “in station quality control” meaning that the parts produced at 

each station must meet the company’s quality standards before they get passed through to the 

next station (Liker 2003). 

Continuous improvement is the heart, the central section, of the TPS House; it refers to 

a philosophy of “continuously improving” all processes and thereby continuously increasing 

productivity, quality, effectiveness and efficiency (Liker 2003).  Knowing that all manufacturing 

processes are expected imperfect and problems are expected to continually surface (Liker and 

Hoseus 2008, Liker and Hoseus 2010, Liker 2003), one should never rest in improving what one 

has.  Toyota has its employees mindset focused on continuously improving processes, finding 

problems, and resolving their root causes (Liker and Hoseus 2008, Liker and Hoseus 2010, Liker 

2003).  For people to find problems, however, “…There must be a high level of trust that there 

will be no negative repercussions of surfacing problems and trust that if the company gets 

stronger all will benefit…” (Liker and Hoseus 2010, p.27).  Toyota strongly believes that being 

competitive fully depends on developing highly capable people with a high level of trust (Liker 
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and Hoseus 2008, Liker and Hoseus 2010, Liker 2003).  The competitiveness of Toyota as a 

business stems from their employees’ dedication to the company’s corporate philosophy and 

culture; therefore, the right people must be selected for the right position (Liker and Hoseus 

2008, Liker and Hoseus 2010, Liker 2003).  To develop an exceptional workforce, Toyota uses 

on-the-job training along with cross-training for all employees (Liker 2003).  Toyota also 

sincerely believes in developing company leaders internally because this allows leaders to 

become the best teachers and role models of the company’s philosophy (Liker 2003).  The TPS 

is designed for employees to discover problems, identify “waste,” eliminate them permanently 

and thereby continually strengthen the system (Liker 2003).  The best way of developing an eye 

for waste is to go to the place where the problem exists, grasp the problem in person, confirm 

the facts, and analyze root causes (Liker 2003, Womack and Jones 1996).  Toyota uses many 

tools that help problem solving and waste elimination including A3 thinking, PDCA, Fishbone 

diagram, 5S, and 5 Why’s just to mention some (Liker 2003, Womack and Jones 1996). 

Finally, the roof of the TPS House represents what the customer wants (Liker 2003).  

Originally at Toyota, the roof symbolized delivering customers the best quality products and 

services at the lowest possible cost and in the shortest lead time through the continuous 

elimination of waste from the process (Liker 2003).  Later high safety standards and high 

employee moral were added to the equation as well (Liker 2003).   

2.3. Principles of Lean and the Role of Lean Accounting 

Womack and Jones (1996) developed five basic principles of Lean (Figure 3) to help 

companies move towards their overall Lean goal of continuously reviewing and improving 
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processes and to ensure that they continuously and consistently deliver value to their 

customers.  These five principles allow companies to maintain a high level of services while 

being able to grow and adapt to a changing environment through implementing sustainable 

change (Womack and Jones 1996).  

 

Figure 3:  Five basic principles of Lean developed by Womack and Jones (1996). 

 

2.3.1. Lean principles in a Manufacturing Environment 

The first principle is to identify the company’s customers and specify value from their 

perspective (Womack and Jones 1996).  If value of a product or service is specified from the end 

customer’s perspective.  It is also easier to recognize that only a small fraction of the total time 

and effort in any company actually adds value for the end customer, and it is easier to target 

waste and non-value added activities for removal (Womack and Jones 1996).   

An activity is considered value added if the customer is willing to pay for it (Womack et 

al. 2002, Rother et al. 1999, Womack and Jones 1996).  If an activity is necessary from the 
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production’s or service’s point of view, but the customer is not willing to pay for it, it is 

considered a non-value added activity that should be eliminated or reduced to a minimum 

(Womack et al. 2002, Rother et al. 1999, Womack and Jones 1996).  If an activity is not 

necessary from the production’s or service’s point of view and the customer is not willing to 

pay for it, it is considered to be waste (Muda Japanese) and should be eliminated (Womack et 

al. 2002, Rother et al. 1999, Womack and Jones 1996).   

To begin eliminating waste from any organization, one should start with identifying 

whether there is more variation in the organizations’ activities than required by its customers 

(Womack 2006).  Then, variations in customer demand can be smoothened internally by 

eliminating irregularities or unevenness (Mura Japanese) in the production process, such as 

fluctuating production volumes or unbalanced schedules, among other issues (Womack 2006).  

In the production process, the overburdening of equipment can result in machine down time, 

scrap, or defect; while the overburdening of employees can result in safety, health, and/or 

quality issues (Womack 2006).  Therefore, overburdening (Muri in Japanese) of equipment and 

employees should be eliminated by balancing the manufacturing pace to allow employees and 

equipment sufficient time to achieve the correct standard of work (Womack 2006).  Once 

unevenness (Mura) and overburden (Muri) are eliminated, waste (Muda) can be removed much 

faster from the organizations’ activities (Womack 2006).   

Within the context of manufacturing systems, waste can be divided into seven sources, 

including overproduction, waiting, excess transport, excess processing, excess inventory, 

unnecessary motion, and defects (Hicks 2007, Rother et al. 1999, Womack and Jones 1996, 
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Ohno 1988).  These seven sources of waste (referred to as “The seven wastes”) were first 

identified by Ohno (1988) at Toyota and later reported by Womack and Jones (1996).  

Overproduction occurs when more products are being made than required at the time.  Waiting 

occurs when an employee becomes inactive in a downstream process because an activity in the 

upstream process is not delivering on time.  These idle employees may perform activities that 

either do not add value, or result in overproduction.  Excess transportation occurs when work in 

process (WIP) materials are being moved from one operation to another.  Transportation 

should be minimized as it adds time to the process and creates handling issues.  Excess 

processing or incorrect processing occurs when more work is being done than necessary due to 

rework or reprocessing, or when tools and standards are more complex, more expensive, or 

less precise than expected.  Excess inventory of raw materials, work in process, and finished 

goods occur when products are not made to order.  Excess inventory requires additional 

handling and space, and can hide issues related to late deliveries and excess processing, among 

other things.  Excess inventory can also be considered as a capital outlay that if not processed 

immediately, generates no income.  Unnecessary motion occurs when employees need to carry 

out extra steps or movements to accommodate inefficient layouts, unorganized workspace, and 

broken equipment, among many other things.  Defects occur when products are not produced 

based on customer specifications or expectations and therefore need to be reworked or 

reprocessed (Hicks 2007, Rother et al. 1999, Womack and Jones 1996, Ohno 1988).  In addition 

to these seven sources of wastes, Liker (2003) named another source of waste, an eighth 

source of waste called underutilized people.  Underutilized means that companies fail to utilize 
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the ideas and creativity of their employees for improvement purposes (Womack and Jones 

1996).   

Within the context of an office environment, waste can be related to people, processes, 

information, and assets (Lareau 2002).  According to Lareau (2002, p.22) “people waste” occurs 

when company leaders and managers fail to structure the work environment properly resulting 

in the underutilization or misuse of work powers (Lareau 2002).  “Process waste” occurs when 

the organization’s processes are not designed or executed properly (Lareau 2002, p.25).  

“Information waste” occurs when the necessary information is not available at a time when it is 

needed (Lareau 2002, p.32).  Finally, “asset waste” occurs when an organization does not utilize 

its resources, e.g., materials, facilities, equipment, employees, etc, properly (Lareau 2002, 

p.35).  Generally, removing waste consists of six major steps (McVay et al. 2013).  At first, a list 

of all activities and processes need to be compiled.  Second, the time and resources consumed 

by each activity should be identified.  Third, a customer value analysis should be conducted for 

each activity to identify how the outcomes of those activities are used and whether or not they 

are relevant in a Lean environment.  Fourth, the cost and impact of change for the selected 

activity(s) must be taken under consideration.  Then, a decision can be made on which 

activity(s) are the best to begin the improvement with.  Lastly, an action plan needs to be 

prepared for each continuous improvement project.  The organization must remove all wastes 

from its processes to be able to generate value for its customers and become a time-based 

competitor (Liker 2003, Womack and Jones 1996).     
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The second principle is to identify and map the value stream (Womack and Jones 1996).  

The value stream consists of a set of activities across all parts of the organization that jointly 

contribute to deliver the product or service from raw materials to the hand of the customer 

(Womack et al. 2002, Rother et al. 1999, Womack and Jones 1996).  Generally, two types of 

value streams can be distinguished: an order-fulfilment value stream and a new product 

development value stream (Baggaley and Maskell 2003a, Baggaley and Maskell 2003b).  When 

value is created in the process for fulfilling an order involving sales, customer service, 

configuration, purchasing, manufacturing, shipping, cash collection, and after-sales support, is 

called an order-fulfillment value stream (Baggaley and Maskell 2003a, Baggaley and Maskell 

2003b).  When value is created in the processes for identifying, designing, and launching new 

products and services to market is called a new product development value stream (Baggaley 

and Maskell 2003a, Baggaley and Maskell 2003b).  Mapping the value stream means visualizing 

the flows of materials and information as they are now, and envisioning a future state with 

better performance and a theoretical, perfect ideal state with the best performance (Womack 

et al. 2002, Rother et al. 1999, Womack and Jones 1996).  The purpose of value stream mapping 

is to break down operational issues, such as hidden problems or bottlenecks to a product level, 

which allows managers to react more easily (Womack et al. 2002, Rother et al. 1999, Womack 

and Jones 1996).  Mapping the value stream requires being physically present at the place 

where the product is produced or the service is provided (Gemba Japanese).  Walking the 

Gemba helps management to truly understand the value stream and its problems and links the 

actual work in the process to the results of the process (Womack and Shook 2011).  The first 

step of value stream mapping is to create a current-state value stream map that enables 
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managers and employees to see the current flow of materials towards the customer and the 

current flow of information back from the customer while quantifying current quality rates, 

time, and waste through the value stream (Womack et al. 2002, Rother et al. 1999, Womack 

and Jones 1996).  The current-state value stream map shows where obstacles are in the process 

and where material and information accumulates, and helps to identify and prioritize areas for 

improvement (Womack et al. 2002, Rother et al. 1999, Womack and Jones 1996).  The current-

state value stream map serves as a basis for a future-state value stream map (Womack et al. 

2002, Rother et al. 1999, Womack and Jones 1996).  The future-state value stream map 

eliminates the sources of waste identified while improving quality and customer response 

(Womack et al. 2002, Rother et al. 1999, Womack and Jones 1996).  Once a future-state 

becomes a reality, managers and employees may continue drawing further future-state maps 

until they reach their ideal state (Womack et al. 2002, Rother et al. 1999, Womack and Jones 

1996). 

Once, the value stream map is done, most organizations discover that only 

approximately one percent of all activities add value (Womack et al. 2002, Womack and Jones 

1996).  Therefore, the third principle is to take those value-added steps and reorganize them 

into a tight sequence allowing the product to flow toward the customer (Womack and Jones 

1996).  Creating continuous flow (also referred to as single piece flow or one piece flow) 

requires moving items directly from one processing step to the next, one piece at a time by 

balancing out the production and lowering inventory levels (Rother and Harris 2001, Womack 

and Jones 1996).  Each processing step works on one piece only, on the one that the next step 

needs, just before that next step needs it (Rother and Harris 2001, Womack and Jones 1996).  
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Processing one piece at a time instead of processing pieces in batches allows the organization 

to keep the amount of materials, equipment, and people to the minimum; shortens lead time; 

assures better communication between operations; and helps visualize and eliminate root 

causes of abnormalities (Rother and Harris 2001, Womack and Jones 1996).   

The fourth principle is to respond to customer pull – meaning that as customers 

consume products, it signals the upstream manufacturing processes to replenish the items 

consumed (Womack and Jones 1996).  Pull means that no one in the upstream process should 

produce any items until the downstream process asks (signals) for it (Smalley 2004, Womack 

and Jones 1996).  Toyota uses a “Kanban system” for signaling purposes, where a production 

Kanban authorizes the production of a specific item, in a specific quantity, while the withdrawal 

Kanban authorizes movement of a container from one stock location to another (Smalley 2004, 

Womack and Jones 1996).  Using a Kanban based pull system allows organizations to minimize 

overproduction, shorten lead times, lower inventory levels, and lower space requirements 

(Smalley 2004, Womack and Jones 1996). 

The fifth principle is striving for perfection (Womack and Jones 1996).  The 

implementation of the first four principles requires radical reorganization of individual 

processes; however, as all steps are linked together, the benefits of the transformation become 

truly substantial (Womack and Jones 1996).   The more times the circle is completed, the more 

layers of waste become visible and the transformation process continues towards “perfection,” 

where every asset and every action creates value for the customer (Womack and Jones 1996). 
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The principles of Lean and, in particular, the removal of waste and pursuit of perfection 

can be applied to any business areas where “products” flow to meet the demand of the 

customer (Hicks 2007).  This is certainly true for accounting and finance, where information 

flows and work is undertaken to add value to the information. 

2.3.2. Lean Principles in an Accounting Environment 

The five principles of Lean were initially developed for the primary value adding 

functions of the business (e.g., manufacturing); however, they can be applied for the non-value 

adding but necessary administrative functions (e.g., accounting and finance) as well. 

Accounting and financial employees have two major responsibilities in regards to the 

first principle of identifying the company’s customers and specifying value from their 

perspective.  Since administrative functions are “non-value adding,” all attempts must seek to 

ensure that the support necessary for primary functions is customer focused with the customer 

being primary value adding activities.  In other words, administrative functions should never get 

in the way of creating value and their costs must be minimized through eliminating and 

simplifying administrative activities.  Accounting and financial employees’ primary responsibility 

is to contribute to the determination of target costs (Maskell and Baggaley 2003).  Target 

costing requires connecting customer needs with product features by conducting market 

research, analyzing customer complaints, and gathering customer satisfaction information 

using a variety of marketing tools (Ansari et al. 2006, Maskell and Baggaley 2003).  Once 

customer needs are understood, ideas can be developed as to how to incorporate those needs 

into the final product, thereby increasing the value of the product to the customer (Ansari et al. 
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2006, Maskell and Baggaley 2003, Swenson et al. 2003).  This process requires a collective effort 

from all value stream areas.  Accounting and financial employees’ role in this process is to think 

about how the cost structure within each value stream will change with the introduction of a 

new product and how product features will affect the product’s cost and the total value stream 

cost (Ansari et al. 2006, Maskell and Baggaley 2003, Swenson et al. 2003).  Identification of 

changes required to  the cost structure is crucial because customers must be willing to pay for 

the incremental costs (Swenson et al. 2003).  To determine the new cost structure, the target 

cost of each component as well as the target cost of the end product has to be determined.  

The target cost is calculated by price minus profit (Ansari et al. 2006); thereby, the price and the 

profitability for each value stream have to be created (Maskell and Baggaley 2003).  If there is a 

gap between the target cost and the actual cost, the accounting and financial employees should 

think about possible further Lean improvements to close the gap (Ansari et al. 2006, Maskell 

and Baggaley 2003, Swenson et al. 2003).  It is necessary to plot costs against value to be able 

to bring value stream costs into line with target costs and creating an improvement plan for this 

reason (Maskell and Baggaley 2003).  The second responsibility of accounting is to develop 

performance metrics to ensure that the organization’s processes properly serve their customers 

(McVay et al. 2013).  These performance metrics should support the organization’s strategy, 

goals, and objectives and be applied at all levels of the organization including the cell level, 

value stream level, and enterprise level (Maskell and Baggaley 2003).  Furthermore, these 

performance measures should be simple and easy to understand; timely and accurate; visual 

and disclosed to everyone; they also should motivate the right behavior (by using non-financial 

measures on the shop-floor and financial measures to control cash flow); measure processes 
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and not people; and should encourage continuous improvement (Emiliani et al. 2003, Maskell 

and Baggaley 2003, Nightingale and Mize 2002).   

In regards to the second principle of identifying and mapping the value stream, 

accounting and financial employees should assist value stream managers with their decision 

making by providing accounting information targets for all value streams.  To provide value 

stream managers with the right accounting information, a value stream statement must be 

developed for each value stream.  Developing a value stream statement starts with grouping 

costs into value streams rather than by departments by assigning all employees and machines 

to value streams with minimal overlap among value streams as it is shown on Figure 4 (McVay 

et al. 2013, Maskell and Baggaley 2003, Baggaley and Maskell 2003a, Baggaley and Maskell 

2003b).  Keeping the overlap among value streams minimal will make direct cost assignment 

possible and keep cost allocations to a minimal (McVay et al. 2013, Maskell and Baggaley 2003, 

Baggaley and Maskell 2003a, Baggaley and Maskell 2003b).   

 

Figure 4:  Value stream costing as developed by Makell and Baggaley (2003) 

Employees assigned to value streams come from different functional areas with varying 

education and experience levels; therefore, accounting and financial employees need to 
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develop value stream statements that can contribute to a common understanding of value 

stream processes, needs, and performance (McVay et al. 2013).  Different value stream teams 

may have different information requirements, and therefore different revenue and cost 

categories, that support their work towards achieving their goals (McVay et al. 2013).  A typical 

value stream statement information includes “…Commissions, material, freight, wages and 

fringe benefits, supplies, tools and tooling, depreciation, travel and entertainment, outside 

services, promotion and advertising, warranty expense, and allocated facility expense… (McVay 

et al. 2013, p.51).”  Once all resources and costs are assigned to value streams, a standardized 

data collection procedure must be developed (McVay et al. 2013).  Accountants and financial 

personnel need to make sure that the data is in a meaningful format by continuously seeking 

for feedback from the customers of their statements (McVay et al. 2013).  Value steam 

statements should be reported on a weekly basis and should be posted on each value stream’s 

metric board for everyone to see (McVay et al. 2013).  Although, individual value stream 

statements may contain a deeper level of details for decision making, the same level of detail 

may not be necessary on the aggregated facility statement for top management (McVay et al. 

2013).  

The implementation of the third principle of continuous flow and the fourth principle of 

pull production require implementing changes in accounting and finance as well.  Creating 

continuous flow and pull production, however, cannot be achieved from one day to another.  It 

requires stable processes where machines are reliable and well maintained based on total-

productive maintenance procedures.  Also where employees are fully capable of doing their 

tasks and are cross-trained, and work procedures are standardized (McVay et al. 2013, Maskell 
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and Baggaley 2003).  Until processes are not stabilized and obstacles are not completely 

removed, inventory levels cannot be dramatically reduced as it is necessary to provide a buffer 

of inventory around bottleneck problems (McVay et al. 2013, Maskell and Baggaley 2003).  

However, as the transformation matures, inventory levels will drop substantially allowing 

accounting and financial personnel to transition from a standard costing system to a 

backflushing system (McVay et al. 2013, Maskell and Baggaley 2003).  The backflushing system 

serves as an interim accounting system that eliminates the tracking of WIP conversion costs and 

records completed products as finished goods on standard costs.  Then it still calculates 

variances between standard and actual costs and adjusts cost of goods sold accordingly (McVay 

et al. 2013, Maskell and Baggaley 2003).  As products are produced based on customer 

demand, inventory comes under visual control of a Kanban system (McVay et al. 2013, Maskell 

and Baggaley 2003).  Accounting and financial employees can support the development of the 

Kanban system by determining Kanban amounts and signals that trigger inventory 

replenishment (McVay et al. 2013, Maskell and Baggaley 2003).  They also need to provide 

timely and visual information on inventory trends, inventory turns, throughput times, and on-

time delivery (Maskell and Baggaley 2003, McVay et al. 2013).  In a perfect world of one-piece 

flow “…Raw material costs could be expensed as purchased, conversion costs could be expensed 

as incurred, and the value of finished goods would be recorded as cost of goods sold at the point 

of transfer of ownership to the purchaser…” (McVay et al. 2013, p.61).  To achieve continuous 

flow and pull production, the organization must also have the capacity to produce based on the 

rate of customer demand (McVay et al. 2013, Maskell and Baggaley 2003).  Accounting and 

financial employees, therefore, have the responsibility of tracking productive, non-productive, 



Literature Review 32  

 

 

and available capacity for each value stream (McVay et al. 2013, Maskell and Baggaley 2003).  

The type of capacity measured by accounting and financial employees (e.g., employee capacity, 

machine capacity) depends on what resources represent the biggest constraint to continuous 

flow and pull production (McVay et al. 2013, Maskell and Baggaley 2003).  As the bottleneck 

determines the flow through the value stream, measuring capacity on the bottleneck process 

can provide information that guides the focus on Kaizen events that address issues restricting 

capacity (McVay et al. 2013, Maskell and Baggaley 2003).  Turning non-productive capacity into 

available capacity allows the organization to increase revenue that can later be used to grow 

market share, introduce a new product, or just reassign, discard, or sell the available capacity 

(McVay et al. 2013, Maskell and Baggaley 2003). 

To support the fifth principle of striving for perfection, accounting and financial 

employees need to become an integrated part of the Lean culture of continuous improvement 

(McVay et al. 2013, Maskell and Baggaley 2003).  They can do this by actively participating in 

the organization’s long-term strategic planning process by assisting top management 

developing capital financial policies to provide direction for the company that is in alignment 

with its true north (McVay et al. 2013, Maskell and Baggaley 2003).  Once the company’s long-

term goals are defined, accounting and financial employees can help in developing quarterly 

strategy deployment plans (e.g., determining required production cycle times, create level 

schedules, plan equipment and employee capacity, etc.) to align strategies and action plans 

throughout the entire organization (McVay et al. 2013, Maskell and Baggaley 2003).  In the 

short-term, accounting and financial employees are responsible for reviewing each value 

stream’s operational and financial data, discussing issues of each value stream, and making 
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decisions along with top managers in regards to the path forward to position the company to 

meet customer demand and profit targets (McVay et al. 2013, Maskell and Baggaley 2003). 

An extensive literature search among scientific publications has been undertaken to 

understand the relevant principles and determinants of Lean that need to be implemented by 

companies to achieve the expected outcomes.  The following sub-chapter introduces Lean 

principles and determinants used in survey-based research as well as assessment instruments 

to measure the level of Lean implementation in companies. 

2.4. Determinants of Lean Used in Empirical Research 

The identification of different levels of Lean implementation in a company using surveys 

requires careful identification and selection of key words that are frequently included and used 

to represent Lean in the existing literature.  For the sake of this discussion, the terms 

“principles” and “determinants” are introduced where the term principles refers to 

fundamental propositions that serve as the foundation for Lean, while the term determinants 

refers to measurable elements of those principles that determine the nature of being Lean as 

presented by Ahlstrom and Karlsson (1996).  Terms that are used for the same expression as 

principles include key drivers, lean production principles, bundles, components, and categories; 

while terms that are used for the same expression as determinants include practices, 

intermediate indicators, improvement programs, and elements.  In the late 1990’s, numerous 

articles have been published describing what Lean and its determinants are but many of these 

articles were only descriptive in nature or narrow in scope (Emiliani et al. 2003).  Academics and 

practitioners interested in identifying key determinants of Lean mostly relied on comprehensive 
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studies of various Lean experts or on anecdotal evidence presented in case studies, such as 

Ohno (1988), Womack et al. (1990), Womack and Jones (1996), and Monden (1998) among 

others.  Unfortunately, numerous survey studies, such as Ahlstrom and Karlsson (1996), 

Sánchez and Pérez (2001), Soriano-Meier and Forrester (2002) suffer from a lack of verifiable 

measures for the determinants used to measure the level of Lean implementations in 

companies surveyed.  In fact, little peer-reviewed work has been published that reflects Lean in 

a comprehensive way by including its most salient dimensions.  Below, a discussion of the most 

eminent work relating to these questions can be found. 

2.4.1. Survey Instruments 

Ahlstrom and Karlsson (1996), using the framework of Womack et al. (1990), were the 

first to develop a list of principles, which, in combination, describe Lean.  The authors identified 

nine Lean principles and generated a list of 42 measurable determinants to indicate progress 

made in the effort of a company to become Lean.  The nine principles identified included: 

elimination of waste, continuous improvement, zero defects, Just-in-Time (JIT), pull system, 

multifunctional teams, decentralized responsibilities, integrated functions, and vertical 

information systems.  In their study, the principles indicate the ultimate goal of a Lean 

company, while the determinants represent the changes made to the organization to achieve 

the desired performance.  The focus of Ahlstrom and Karlsson (1996) was to develop an 

instrument that assesses whether a company’s Lean implementation progresses in a beneficial 

direction and test it through a single, longitudinal case study (Yin 2009).  By conducting a single, 

longitudinal case study, the authors collected information about the same single company at 
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two or more different points of time to analyze how conditions change over time.  Although, 

Yin (2009) emphasizes that a single, longitudinal case study cannot be considered as a complete 

study on its own but as a pilot case that is the first of a multiple case study, the authors did not 

pursue any further study using their framework. 

James-Moore and Gibbons (1997) created an assessment to examine the level of Lean 

implementation in civil aerospace companies’ different business areas, such as new product 

introduction, manufacturing, logistics, sales and marketing, product support, and people 

management in a case study format and compare the results to existing benchmarking data 

published by Anderson Consulting in the UK in 1992 for the automotive industry.  In their 

manuscript, however, no information had been provided about case study participants from 

the civil aerospace industry and neither from the automotive industry in regards to the number 

of participants or any company characteristics of participants.  The authors identified 38 

principles of a Lean company (called key drivers in their study).  They then connected them with 

76 determinants (called practices in their study) and 68 performance metrics covering all six 

business areas mentioned above.  The assessment was taken by more than 100 senior and 

middle-rank executives of each participating company within five days.  Respondents were 

asked to rate 38 Lean principles in terms of relevance to their company on a scale of 1 to 3 (1 = 

no relevance, 3 = high relevance) and respond with yes or no (yes = 1, no = 0) to the assigned 

determinants and measurements related to those principles.  Finally, the total scores were 

divided by the total number of respondents to determine the average level of alignment across 

the company.  Based on the average scores received, the authors defined three levels of Lean 

implementation; high (avg. score > 0.65), medium (0.45 < avg. score < 0.65), and low (avg. score 
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< 0.45).  Results showed that 41 percent of the key practices assigned had high, 15 percent 

medium, and 44 percent low level of implementation.  The authors did not elaborate on the 

details behind the low scoring.  Results also indicated that key differences between the two 

industry segments had been found in the areas of new product refinement, sales and 

marketing, the ability to predict and control costs, and operations management. 

Panizzolo (1998) developed a model to conceptualize Lean determinants through the 

characterization of different functional areas of a company.  Based on a thorough review of 

operations management literature, the author identified six areas of intervention and defined 

48 Lean determinants (called improvement programs in the study) to measure the level of Lean 

implementation in the participating companies.  The six areas included process and equipment, 

manufacturing planning and control, human resources, product design, supplier relationship, 

and customer relationship.  All measures used in their study were tested for reliability using 

Cronbach’s alpha and for construct validity using means of factor analysis (the constructs that 

did not pass the test were removed from the study).  The model was empirically tested through 

multiple case studies.  Six interview guides were developed, one for each area listed above and 

sent out to 27 Italian manufacturing companies whose excellence were widely recognized by 

“Europe’s 500” rankings of Ernst and Young, Price Waterhouse, and other industry experts.  

Answers to perceptual questions were measured on a five point Likert-scale and the level of 

Lean implementation was calculated by working out the average score of answers collected (0= 

not used, 4= fully implemented).  The outcome of the research showed that external 

relationship management is the most problematic area for a successful Lean implementation 

because investigated companies tend to struggle implementing innovative practices on the 
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technological/strategic level between themselves and their supplier.  Findings of the research 

show that external relationship management is affected by the size, industry structure, and 

product complexity of a company.  Additionally, findings revealed that companies reduce 

supplier sources primarily for cost reduction purposes rather than for the pursuit to build 

reliable supplier programs.  Also, numerous participating companies do not feel comfortable 

relying on single sourcing of parts and exclusive links with suppliers because of an increased risk 

of supply disruption and because they believe that the dependency reduces the efficiency of 

the relationship. 

In 2001, Sanchez and Perez continued the work of Ahlstrom and Karlsson (1996) by 

creating a model of 36 determinants (called intermediate indicators in their study) to assess 

changes made to manufacturing processes following Lean principles and empirically testing a 

total of 41 companies in the automotive and industrial machinery industries.  Their 

determinants were based on the following six Lean principles: 1) elimination of zero-value 

activities, 2) continuous improvement, 3) multifunctional teams, 4) JIT production and delivery, 

5) integration of suppliers, and 6) flexible information system.  In their framework, the authors 

measured the degree of use of each of the six principles and they found that sixty percent of 

the 36 principles were used by more than half of the respondents. 

Also in 2001, Cua et al. were the first to develop a list of determinants (called 

components in their study) to characterize a high performing company in the 21st century and 

empirically test them.  Although, Cua et al. (2001) have never used the term Lean throughout 

their study, their framework is heavily relying on Lean principles and it is, therefore, 
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noteworthy to discuss in this place.  The authors started their research by reviewing the 

empirical literature on Total Quality Management (TQM), Just-in-Time (JIT), and Total 

Productive Maintenance (TPM).  From this literature review, a list of 70 organizational 

specifications were generated and grouped into four principles (called categories in their study) 

that captured essential determinants of a high performing company.  The four principles 

included TQM, JIT, TPM, and Human and Strategic-Oriented Common Practices.  The survey 

instrument was developed as a part of the world-class manufacturing program and was sent 

out to 243 plants with more than 100 employees in 5 different countries.  Specific questions on 

the questionnaire were assigned to 26 individuals based on job title and expertise to receive 

more accurate information.  A total of 163 plants participated in the research for a response 

rate of 67 percent.  The outcome of the research indicated that all variables investigated had a 

significant correlation to operational performance except for equipment layout and proprietary 

equipment development. 

The focus of Soriano-Meier and Forrester (2002)’s research was to develop and 

empirically test an instrument that can evaluate the level of Lean implementation among 33 

companies with more than 35 employees in the UK ceramic industry.  The authors relied on the 

instrument developed by Ahlstrom and Karlsson (1996) to measure the degree of 

implementation of Lean principles (called lean production principles in their study) of the 

participating companies.  Participants were asked to rate nine Lean principles in terms of the 

degree of implementation in their company on a scale of 1 to 7 (1 = no implementation, 4 = 

partial implementation, 7= total implementation).  Senior production managers were the 

subject of interest in the study.  The outcome of the study showed that 58 percent (19 out of 
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33) of the companies claimed that they have implemented Lean principles in their company 

(score ≥ 4).  Based on a cluster analysis conducted by the authors, three clusters were 

determined including traditional companies (12 out of 33), in-transition companies (12 out of 

33), and Lean companies (8 out of 33).  Results showed that the mean values of the Lean cluster 

are significantly higher than mean values of the in-transition and traditional clusters. 

While Cua et al. (2001) identified high performing companies and analyzed 

manufacturing practices that make them superior, Shah and Ward (2003) identified 

determinants (called manufacturing practices in their study) of Lean that are related to superior 

performance.  Shah and Ward (2003) were the first to identify 22 determinants related to Lean 

based on a scholarly review of literature, group them into four principles (called bundles in their 

study), and tested them for reliability and validity.  The four categories included JIT, TQM, TPM, 

and HRM.  The survey instrument was sent out to 28,000 subscribers of Penton Media, Inc. 

publications specifically addressed to plant managers.  A total of 1,757 responses were received 

from a wide variety of manufacturing industries in the U.S., resulting in a 6.7 percent response 

rate.  The results of the research indicated that all four categories had a significant correlation 

to operational performance and, together, they explained 23 percent of the variation in 

operational performance. 

The focus of Olsen's (2004) research was to develop and empirically test an instrument 

designed to evaluate the level of Lean implementation in a company and relate it to the 

company’s operational and financial performance.  The authors relied mostly on the 

frameworks of Cua et al. (2001) and Shah and Ward (2003) by identifying 36 determinants 
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covering eight principles of Lean (called Lean practices in his study).  The eight principles were 

grouped into five internally oriented Lean principles including JIT production methods, 

statistical process control tools to monitor quality, employee involvement, group technology to 

enhance the flow of products, and TPM.  They were also grouped into three externally oriented 

Lean principles including communication with suppliers, JIT delivery by suppliers, and customer 

involvement.  The survey instrument was distributed to 316 U.S. companies with more than 50 

employees in four major industry sectors classified under SIC codes 28 and 35-38.  High-level 

operations managers were the subjects of interest in the study.  A total of 48 valid responses 

were received, which resulted in 15.1 percent response rate.  Respondents were clustered into 

two groups; Lean and Non-Lean based on the result of their cluster analysis.  The study 

revealed that the Lean cluster was highly associated with the implementation of Just-in-Time 

production methods, group technology, and employee involvement.  It was least associated 

with two external components including supplier communication and customer involvement 

than the non-lean cluster. 

The purpose of Doolen and Hacker (2005)’s study was to develop and test a survey 

instrument that identifies the type and level of implementation of Lean determinants (called 

Lean practices in their study) by an organization.  After reviewing existing survey instruments 

and assessment tools related to Lean, the authors relied mainly on Panizzolo’s (1998) study to 

identify six impact areas of Lean implementation in an organization and further specify a total 

of 29 Lean determinants.  Three to seven follow-on items were then developed for 26 of the 29 

determinants to evaluate how often a specific determinant was used within the organization.  

The six impact areas identified included manufacturing equipment and processes, shop-floor 
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management, new product development, supplier relationships, customer relationships, and 

workforce management.  The 16 pages long final instrument was addressed to 27 electronics 

manufacturers located in Oregon and Washington states.  The instrument was addressed to 

manufacturing and process engineers.  A total of 13 companies (48 percent) responded to the 

survey.  The level of Lean implementation was addressed by calculating the mean and standard 

deviation scores for each of the impact areas; higher scores indicated higher levels of Lean 

implementation.  No statistical tests for reliability or validity were conducted in this study.  

Findings of the study show that two impact areas including manufacturing equipment and 

processes and customer relationships received the highest implementation scores from 

respondents.  No statistically significant differences were found among the different impact 

areas in regards to the type of the manufacturing organization; however, significant differences 

(p = 0.013) were found between responses of large versus small companies in the 

manufacturing equipment and processes impact area – larger companies implemented Lean 

determinants in a significantly greater extent than small companies. 

Shah and Ward, in 2007, continued their work from 2003 by identifying and rigorously 

testing a key set of determinants (called measurement items/practice items in their study) that 

can empirically represent Lean principles (called Lean components in their study) by using 

confirmatory factor analysis.  Based on a literature review, the authors created a list of 48 

determinants to represent Lean.  Those 48 determinants were grouped into 10 principles and 

included supplier feedback, JIT delivery by suppliers, supplier development, customer 

involvement, pull, continuous flow, set up time reduction, total productive and preventive 

maintenance, statistical process control, and employee involvement.  A survey instrument was 
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sent out to 750 companies for a pre-test and thereafter to an additional 2,616 companies for a 

large-scale study.  Manufacturing executives included in the database of Productivity, Inc. were 

the basis for the study.  The sample represented companies from a wide variety of 

manufacturing industries with more than 100 employees in the U.S.  The response rate was 

nine percent for the pre-test, and 13 percent for the large-scale study.  Responses were 

collected to investigate “how” the various Lean principles are related to each other and “why” 

they are related to each other.  Results of this study show that the 10 Lean principles were 

significantly correlated to each other (p < 0.001), suggesting that Lean is a multidimensional and 

integrated system as it was proposed by the authors.  More specifically, results indicate that 

Lean can be represented by the ten principles listed above where each principle represents an 

individual aspect of Lean.  The correlation coefficients between Lean principles were fluctuating 

between 0.77 and 0.12, where the higher inter-correlation between principles represents a 

better configuration theory.  The study revealed that total productive maintenance and 

customer involvement had the lowest correlation coefficient with the other Lean principles. 

The purpose of Fricke (2010)’s study was to evaluate the level of awareness and 

implementation of Lean principles and its determinants within the wood products (NAICS 321) 

and furniture manufacturing (NAICS 337) industry in Virginia (Fricke and Buehlmann 2012a, 

Fricke and Buehlmann 2012b, Fricke 2010).  Based on a literature review, the author identified 

29 determinants (called Lean elements in his study) to represent Lean.  Those 29 determinants 

were then structured along Liker (2003)’s four categories including philosophy, process, people, 

and problem solving.  A mail survey was sent out to 1,193 companies and a total of 188 

responses were recorded, resulting in a 16 percent response rate.  Results of Fricke’s research 
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revealed that the more general determinants of Lean, such as mission statement, employee 

cross-training, and providing training for shop-floor employees are commonly implemented at 

the respondents’ facilities.  Although, the core Lean determinants, such as A3-report, quick 

changeover (SMED), one-piece-flow, supermarket system, error proofing (Poka Yoke), Kanban 

system, or PDCA-cycle are sparsely implemented by a minor part of the responding companies 

(by four to nine percent of all responding companies). 

Fullerton et al. (2013) were the first to extend the identification of Lean determinants to 

the accounting area.  The purpose of their study was to examine the role of value stream 

costing (VSC) in a Lean environment.  The areas of investigation of their study included top 

management support, Lean manufacturing practices, employee empowerment, visual 

performance measures, traditional management accounting, simplified management 

accounting, and value stream costing.  The survey instrument was sent out to 476 U.S. 

companies who participated in Lean Accounting Summits organized between 2005 and 2008.  A 

total of 244 responses were received for a 51.2 percent response rate from controllers, CFOs, 

and VPs of Finance.  The study revealed that top management support is positively correlated 

with the use of Lean manufacturing practices, simplified accounting, and value stream costing 

but is negatively correlated with traditional accounting. 

The empirical studies discussed above use similar principles and determinants 

(summarized in Table 1 and Table 2) to be present in an operation to indicate the presence and 

the depth of a Lean system, but they largely focus on individual business areas, such as 

manufacturing Fullerton et al. (2013).  To achieve positive results, Lean cannot be operated in 
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the manufacturing area in isolation from other supporting functions of the business (Maskell 

and Baggaley 2003); it must be integrated into and throughout the entire organization 

(Fullerton et al. 2013, Grasso 2005).  Therefore, administrative and accounting functions need 

to be considered in survey instruments designed to identify the principles and determinants of 

Lean. 
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Table 1: Summary of Lean “principles” in empirical research studies discussed. 

 Summary of Lean “Principles” 
Karlsson and 

Ahlstrom 

(1996) 

James-

Moore 

and 

Gibbons  

(1997) 

Panizzolo 

(1998) 

Sanchez and 

Perez  

(2001) 

Cua et al. 

(2001) 

Soriano-

Meier and 

Forrester  

(2002) 

Shah and 

Ward  

(2003) 

Olsen  

(2004) 

Doolen and 

Hacker  

(2005) 

Shah and 

Ward  

(2007) 

Fricke 

(2010) 

Fullerton et 

al.  

(2013) 

Elimination of 

waste 

N/A N/A Elimination of 

zero-value 

activities 

Just-in-Time Elimination of 

waste 

Just-in-Time Just-in-Time N/A Supplier 

Feedback 

N/A N/A 

Continuous 

improvement 

N/A N/A Continuous 

improvement 

Total quality 

management 

Continuous 

improvement 

Total quality 

management 

Statistical 

process control 

N/A Just-in-Time 

delivery by 

suppliers 

N/A N/A 

Zero defects N/A N/A Multifunctional 

teams 

Total 

productive 

maintenance 

Zero defects Total 

productive 

maintenance 

Employee 

empowerment 

N/A Supplier 

development 

N/A N/A 

Just-in-Time N/A N/A JIT production 

and delivery 

Human and 

strategic-

oriented 

common 

practices 

Just-in-Time Human 

resources 

management 

Group 

technology 

N/A Customer 

involvement 

N/A N/A 

Pull N/A N/A Integration of 

suppliers 

 Pull  Total 

productive 

maintenance 

N/A Pull N/A N/A 

Multifunctional 

teams 

N/A N/A Flexible 

information 

system 

 Multifunctional 

teams 

 Supplier 

communication 

N/A Continuous 

flow 

N/A N/A 

Decentralized 

responsibilities 

N/A N/A   Decentralized 

responsibilities 

 Just-in-Time 

delivery by 

suppliers 

N/A Set-up time 

reduction 

N/A N/A 

Integrated 

functions 

N/A N/A   Integrated 

functions 

 Customer 

involvement 

N/A Total 

Productive/ 

Preventive 

Maintenance 

N/A N/A 

Vertical 

information 

system 

N/A N/A   Vertical 

information 

system 

  N/A Statistical 

Process 

Control 

N/A N/A 

 N/A N/A      N/A Employee 

Involvement 

N/A N/A 
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Table 2: Summary of survey characteristics in empirical research studies discussed. 

Author(s) Year 
Unit of 
analysis 

Sample 
size Industry coverage Reliability Validity 

Ahlstrom and 
Karlsson 

1996 Firm 1 N/A N/A N/A 

James-Moore 
and Gibbons 

1997 Firm N/A Civil aerospace N/A N/A 

Panizzolo 1998 Firm 27 All manufacturing 
Cronbach’s 

alpha 
Factor analysis 

Sanchez and 
Perez 

2001 Plant 41 
Automotive and 

industrial machinery 
N/A N/A 

Cua et al. 2001 Plant 243 All manufacturing 
Cronbach’s 

alpha 
Factor analysis 

Soriano-Meier 
and Forrester 

2002 Plant 33 UK ceramic industry 
Cronbach’s 

alpha 
Multiple 

correlation 

Shah and Ward 2003 Plant 1,757 SIC 20-39 
Cronbach’s 

alpha 

Principal 
component 

analysis 

Olsen 2004 Plant 48 SIC 28, 35-38 
Cronbach’s 

alpha 
Factor analysis 

Doolen and 
Hacker 

2005 Firm 13 
Electronics 

manufacturers 
N/A N/A 

Shah and Ward 2007 Firm 67+340 SIC 20-39 
Cronbach’s 

alpha 
Factor analysis 

Fricke 2010 Plant 1,193 NAICS 321, 337 N/A Fisher’s exact test 

Fullerton et al. 2013 Plant 244 All manufacturing 
Cronbach’s 

alpha 

Principal 
component 

analysis 
 
 

2.4.2. Lean Assessment Instruments 

Besides the survey-based research discussed above, various other instruments exist to 

assess the level of Lean implementation in a company.  Survey instruments allow respondents 

to review and question their company’s Lean principles by providing aggregate data from 

practitioners on the current state; they are not intended to be used for self-assessment (Caffyn 

1999).  Other instruments can be self-assessment instruments that are “…Initiated and driven 

by the individual and is used for ongoing improvement… (Galbraith et al. 2008, p.20)”.  Self-

assessments are widely used in the consulting industry and are also embedded in national 
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award programs, certification programs, or qualification programs that encourage competition 

among companies by assessing one’s company against an external framework (Nightingale and 

Mize 2002).  Self-assessment instruments should be selected with careful consideration since 

poorly designed self-assessments may build on theoretical constructs instead of being explicitly 

linked to what respondents do in their daily practice (Galbraith et al. 2008).  Also, poorly 

designed self-assessments may lead users to focus on knowledge and reasoning rather than 

actual performance in real settings (Galbraith et al. 2008).  Additionally, if results are not 

validated independently, they may not be linked explicitly to subsequent self-improvement 

plans and actions (Galbraith et al. 2008).  Due to their widespread use and their practical 

importance, the most notable Lean self-assessment instruments are described below. 

The LAI Enterprise Self-Assessment Tool (LESAT) is a capability maturity model (CMM).  

CMMs describe the principles and determinants of processes to help organizations to get from 

a chaotic, ad hoc level of processes, to a mature, disciplined level (Paulk et al. 1993).  CMMs are 

organized into five levels of maturity, where each level provides a layer for continuous process 

improvement (Paulk et al. 1993).  LESAT measures a company’s maturity level in the use of Lean 

principles and determinants.  LESAT’s role in the Lean transformation process is to provide 

direction for managers on “where are they now?” and “how far do they need to go?” 

(Nightingale and Mize 2002).  LESAT is not only measuring the company’s level of Lean 

implementation but also its readiness to change (Nightingale and Mize 2002).  LESAT has two 

versions.  LESAT Version 1.0 (Nightingale and Mize 2002) was developed as a joint project by 

the Massachusetts Institute of Technology (MIT) and the Warwick Manufacturing Group of the 

University of Warwick in 2002, while LESAT Version 2.0 (Nightingale et al. 2012) was developed 
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by the Lean Advancement Initiative at MIT in 2012 to provide a structured instrument to assist 

in enterprise Lean transformations.  LESAT Version 2.0, the latest version of the model, consists 

of 43 Lean determinants covering three main areas of interest including 1) enterprise 

transformation and leadership, 2) lifecycle processes, and 3) enabling infrastructure 

(Nightingale et al. 2012).  The first area of interest, enterprise transformation and leadership, 

focuses on lean and change management principles and practices that need to be developed 

and maintained by the leadership of the organization (Nightingale and Mize 2002).  The second 

area of interest, the lifecycle processes category, focuses on processes that influence the value 

creation for stakeholders, while the third area of interest, the infrastructure enabling category, 

focuses on supporting processes and internal customers (Nightingale and Mize 2002).  

Assessing a company against these 43 Lean determinants included in the three main areas of 

interest provides an overview on how well the company is doing with their Lean transformation 

ranked into five maturity levels (Nightingale et al. 2012).  For each of the 43 Lean determinants, 

five maturity levels were developed, where Level 1 represents the least capable stage, while 

Level 5 represents the “world-class” stage (Nightingale and Mize 2002).  LESAT Version 2.0 

enables the company to measure the current capability of their Lean transformation and 

compare it to the desired capability of a “world-class” Lean transformation (Nightingale and 

Mize 2002).  Pareto-analysis can be performed on the current capability and thus the gaps can 

be found between current and desired capability levels, revealing pressure points, and provide 

direction for further improvements (Nightingale and Mize 2002).  LESAT Version 2 can be used 

by a representative of a business unit, major division, or an entire company (Nightingale and 
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Mize 2002).  Results of the assessment should be reviewed primarily by individuals involved in 

the enterprise strategic planning process (Nightingale and Mize 2002). 

The Shingo Prize for Operational Excellence Assessment (Miller 2012) was developed 

by the Jon M. Huntsman School of Business at Utah State University to help managers assess 

where they are in their journey to operational excellence as described by the Shingo model.  

The Shingo prize for operational excellence assessment consists of four areas of interest, 

including cultural enablers, continuous process improvement, enterprise alignment, and results 

(Miller 2012).  The Shingo assessment, unlike the LESAT assessment, is conducted by third party 

representatives, who evaluate an organization’s senior leadership as to how their behaviors are 

aligned with the principles and determinants of operational excellence.  The third party 

representatives also investigate the organization’s business processes including customer 

relations, product/service development, operations, supply, and management support 

processes, as well as how they are aligned with the four areas of interest (Miller 2012).  Scoring 

is based on representatives’ observation as they assess the facility and look for pre-determined 

principles and determinants of operational excellence (Miller 2012).  Representatives assign a 

“maturity score” on a scale from one (represents a chaotic stage) to five (represents the 

standard for operational excellence) for each determinant in each area of interest and weight 

those scores based on a pre-determined weight scale to calculate final points (Miller 2012).  At 

the end of the assessment, representatives will conduct a gap analysis to show management 

where improvement can be made and how to move on with the journey towards operational 

excellence (Miller 2012). 
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The Diagnostic Questionnaire of Accounting, Control, and Measurement was 

developed by Maskell (2007) at BMA, Inc.  Unlike the LESAT and Shingo assessments that were 

designed to assess the level of Lean transformation of the entire organization, in the Diagnostic 

Questionnaire of Accounting, Control, and Measurement assessment the diagnostic 

questionnaire was designed to help companies determining how well their accounting, control, 

and measurement methods support their Lean transformation process.  The diagnostic 

questionnaire uses four pre-defined “maturity path” levels including 1) traditional, 2) 

developing a framework, 3) managing by value stream, and 4) Lean business management 

levels (Maskell and Baggaley 2003, Maskell 1996).  The above listed four maturity levels 

represent the changes that can be made in the accounting area in parallel with Lean changes 

that are being implemented in other areas of the organization (Maskell and Baggaley 2003, 

Maskell 1996).  The first maturity level in the assessment represents the traditional accounting 

system where traditional accounting and control systems are maintained but obvious waste is 

eliminated from the processes by reducing detailed labor and variance reporting, reducing the 

number of cost centers, and simplifying accounting processes.  The second maturity level 

represents the development of a Lean framework where detailed shop-floor tracking is 

eliminated as lead-time reduces and WIP becomes immaterial and unnecessary cost and 

financial reporting are eliminated.  The third maturity level represents managing by value 

stream where company operations no longer need to be aligned with accounting periods; 

month end closings are irrelevant for sales, manufacturing, and distribution of products.  The 

last, e.g., the fourth maturity level, represents the Lean business management level where the 

number of transactions is minimized and production completion or product shipment 
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transactions are used to backflush all the relevant information through the control system.  The 

diagnostic questionnaire covers six major areas of assessment, including 1) performance 

measurement, 2) value stream costing, 3) measuring financial benefits, 4) managing value 

stream profitability, 5) eliminating transactions, and 6) value stream management (Maskell 

2007).  The diagnostic questionnaire is filled out by a company representative who marks the 

achievement level corresponding best with the company’s current state and also ranks the 

quality of the envisioned future state of a given company’s Lean transformation (Maskell 2007).  

Based on the outcome of the Diagnostic Questionnaire of Accounting, Control, and 

Measurement assessment, gap analysis can be performed and suggestions for improvements 

can be made (Maskell 2007).  The UK Lean Aerospace Initiative has used Maskell’s Diagnostic 

Questionnaire of Accounting, Control, and Measurement assessment to gain insights on how 

far aerospace industry participants had moved toward Lean Accounting (Ward et al. 2003, 

Crute et al. 2003).  Results indicated that the majority of the respondents had a vision on the 

direction their company wishes to take in regards to Lean implementation in general.  

Although, they had no vision on the direction their company wishes to take in regards to Lean 

Accounting practices to support the overall Lean transformation (Ward et al. 2003, Crute et al. 

2003).  Respondents to this study pointed out some drawbacks of the diagnostic questionnaire 

including “…It does not either explicitly or closely relate changes in accounting practice to 

changes needed in Lean operations.  In addition, it is assumed that there is a linear progression 

through the traditional and intermediate categories of accounting development to arrive at 

world-class status…” (Ward et al. 2003, p.17). 
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The AME Lean Assessment (AME 2008) is a Microsoft Excel based application that helps 

companies assess where they are on their Lean journey based on a set of given, pre-determined 

14 Lean principles.  These include management support, culture, 5S, value stream mapping, 

setup reduction, TPM, pull systems, production flow, plant layout, standard work, Lean product 

and process design, accounting support for Lean, supply chain, and continuous improvement.  

Company representatives self-evaluate their business activities by assigning a score on a scale 

from one to five based on a description provided for each of the 14 principles listed above 

(AME 2008).  Once, the 14 scores are entered, the assessment provides a scoreboard about the 

company’s current Lean status and illustrates results on a spider graph and bar charts (AME 

2008).  The AME Lean assessment also provides an opportunity to assess the company’s level of 

Lean implementation against approximately 80 other manufacturing companies depending on 

how many years ago the Lean implementation did start. 

Jordan and Michel (2001) developed a self-assessment instrument using 36 questions to 

gain information about specific stakeholders groups’ perceptions of their company’s Lean 

implementation status.  The authors developed an individual questionnaire for each 

stakeholder group, e.g., customers, executives, employees, suppliers, and investors (Jordan and 

Michel 2001).  Each questionnaire covers the following 18 areas: 1) Respond to change, 2) 

Minimize waste, 3) Just-in-Time, 4) Effective relationships within the value stream, 5) 

Continuous improvement, 6) Optimal first-delivered unit quality, 7) Customer focus, 8) 

Implement integrated product and process development, 9) Identify and optimize enterprise 

flow, 10) Assure seamless information flow, 11) Ensure process capability, maturity, and yield, 

12) Challenge existing processes to achieve continuous improvement, 13) Promote lean 



Literature Review 53  

 

 

leadership at all levels, 14) Make decisions at the lowest level possible, 15) Optimize capabilities 

and utilization of human resources, 16) Develop relationships based on mutual trust and 

commitment, 17) Nurture a learning environment, and 18) Maximize stability in a changing 

environment (Jordan and Michel 2001).  Respondents of each questionnaire are asked to 

indicate their level of agreement with the statements included in the assessment on a five-

point Likert-scale (Jordan and Michel 2001).  The Jordan and Michel self-assessment is not a 

maturity model, it rather focuses on the outcome of the Lean transformation (Jordan and 

Michel 2001). 

This sub-chapter provided an overview about peer-reviewed publications and self-

assessment instruments that described and categorized Lean determinants used to measure 

the level of Lean implementation in a company.  Table 1 and 2 provides a summary on the peer-

reviewed publications discussed, while Table 3 summarizes the characteristics of the five self-

assessment tools discussed.  In the following sub-chapter peer-reviewed studies and case 

studies focusing on the impact of Lean on company performance are introduced. 
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Table 3: Summary of self-assessment tools. 

Assessment 
Tools 

Assessment goal Assessment 
performed by 

Unit of 
analysis 

Main categories / dimensions Maturity 
level(s) 

Analysis 

LAI Enterprise 
Self-
Assessment 
Tool 

Enables the company to 
measure the current 
capability of their Lean 
transformation and compare 
it to the desired capability of 
their Lean transformation 

Individuals 
involved in 
enterprise 
strategic planning 
process 

1) Business 
unit  
2) Major 
division  
3) Entire 
company 

1) Enterprise transformation and 
leadership 
2) Lifecycle processes 
3) Enabling infrastructure 

5 maturity 
levels (level 1= 
least capable 
stage, level 5 = 
“world-class” 
stage) 

Pareto 
analysis 

Shingo Prize 
for 
Operational 
Excellence 
Assessment 

Evaluates the organization’s 
senior leadership as well as 
the organization’s business 
processes as how they are 
aligned with the principles of 
operational excellence 

Third party 
representatives 

1) Business 
unit  
2) Major 
division 
3) Entire 
company 

1) Cultural enablers 
2) Continuous process improvement 
3) Enterprise alignment 
4) Results 

5 maturity 
levels (level 1= 
chaotic stage, 
level 5 = 
standard for 
operational 
excellence) 

Gap analysis 

Diagnostic 
Questionnaire 
of Accounting, 
Control, and 
Measurement 

Helps companies 
determining how well their 
accounting, control, and 
measurement methods 
support their Lean 
transformation process 

Accounting / 
finance personnel 
involved in 
enterprise 
transformation 

Accounting 
/ Finance 

1) Performance measurement 
2) Value stream costing 
3) Measuring financial benefits 
4) Managing value stream profitability 
5) Eliminating transactions 
6) Value stream management 

4 pre-defined 
maturity 
levels: 1) 
Traditional 
business 
2) Developing 
a Lean 
framework 
3) Managing 
by value 
stream 
4) Lean 
business 
management 

Gap analysis 

AME Lean 
Assessment 

Helps companies assessing 
where they are at their Lean 
journey 

Individuals 
involved in 
enterprise 
strategic planning 
process 

1) Business 
unit  
2) Major 
division  
3) Entire 
company 

1) Management support 
2) Culture 
3) 5S 
4) Value stream mapping 
5) Setup reduction  
6) TPM 
7) Pull systems 
8) Production flow 

5 maturity 
levels (level 1= 
least mature, 
level 5 = most 
mature) 

1) Spider 
graph 
2) Bar chart 
3) Benchmark 
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9) Plant layout 
10) Standard work 
11) Lean product / process design 
12) Accounting support for Lean 
13) Supply chain 
14) Continuous improvement 

Jordan and 
Michel 
 (2001) 

Provides information about 
specific stakeholders group’s 
perception of their 
company’s Lean 
implementation status 

Individuals 
involved in 
enterprise 
strategic planning 
process 

1) Business 
unit  
2) Major 
division  
3) Entire 
company 

1) Respond to change 
2) Minimize waste 
3) Just-in-Time 
4) Effective relationships within the 
value stream 
5) Continuous improvement 
6) Optimal first-delivered unit quality 
7) Customer focus 
8) Implement integrated product and 
process development 
9) Identify and optimize enterprise 
flow 
10) Assure seamless information flow 
11) Ensure process capability, 
maturity, and yield 
12) Challenge existing processes to 
achieve continuous improvement 
13) Promote lean leadership at all 
levels 
14) Make decisions at the lowest level 
possible 
15) Optimize capabilities and 
utilization of human resources 
16) Develop relationships based on 
mutual trust and commitment 
17) Nurture a learning environment 
18) Maximize stability 

5 point Likert-
scale 

N/A 
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2.5. Lean and Performance 

Numerous academics and practitioners believe that successful implementation of Lean 

will ultimately lead to better business (operational and financial) performance (Harris 2012, 

Fullerton and Wempe 2009, Olsen 2004, Shah 2002, Cua 2000).  Anecdotal evidence and case 

studies indicate that successful Lean implementation reduces machine and equipment 

downtime, work in process (WIP) and finished goods inventories, and physical work space.  

Also, Lean increases labor and equipment utilization, and inventory turns, among other things.  

However, there has been little conclusive empirical evidence that Lean leads to improved 

performance, and, particularly, to improved financial performance.  However, success stories of 

individual companies have been promoted as evidence that implementing Lean leads to 

operational and financial success (Minter 2010, Hostetler 2010, Vinas 2008, Brosnahan 2008, 

Emiliani et al. 2003, Baggaley 2003).  Case studies discussing success stories of Lean 

implementation in both, manufacturing and support functions of businesses and their way of 

measuring the outcome of individual Lean transformation efforts are collected and discussed 

below.  The discussion is primarily focusing on performance outcomes reported by the 

companies observed. 

Watlow Electric Manufacturing Co. is the number one designer and manufacturer of 

thermal solutions for heaters, sensors and controls to industry around the world (Brosnahan 

2008).  Watlow Electrical began pursuing Lean as a growth strategy in late 2004 with a rapid 

rollout across seven facilities (Brosnahan 2008).  In mid-2006, management decided to expand 

the transformation to the administrative areas, especially to their accounting system 
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(Brosnahan 2008).  Watlow Electrical identified specific metrics for the value streams to 

measure, including total case incident rate (safety), defects per million (quality), on-time to 

promise (delivery), sales per full time equivalent (cost), days of inventory (inventory; Minter 

2010, Brosnahan 2008).  According to Watlow Electrical, the company’s total case incident rate 

decreased from 2.3 to 1.7, defects per million from 14,576 to 10,803.  Their on-time delivery 

increased from 92.6 percent to 95 percent, and their sales per full time equivalent increased 

from $222,000 to $248,000 from 2005 to 2007.  Moreover, approximately 90 percent of the 

300 employees of Watlow Electric have been involved in at least one Kaizen event, while 60 

percent have participated in two or more (Minter 2010).  In 2007, the company achieved a 

better than 15 percent increase in both sales volume and return on sales (Brosnahan 2008). 

Photo Etch, an aerospace manufacturing company, got involved with Lean in 2003 

primarily to improve their on-time delivery rate and the quality of their products (Minter 2010).  

The company has joined industry leaders like Lockheed Martin, Bombardier and The Boeing 

Company in a nonprofit alliance called Supplier Excellence Alliance (SEA) Lean Enterprise 

System (LES) to implement Lean throughout the U.S. supply chain (Ery 2006).  The Lean 

transformation first took place on the shop-floor where manufacturing operations were 

redesigned into three cells producing light displays, control panels, flight simulation 

components, and black boxes (Minter 2010).  As a result of the changes implemented on the 

shop-floor in the first year of the initiative, manufacturing lead time was reduced from an 

average of 15 weeks to seven weeks.  Manufacturing square footage necessary decreased from 

50,000 sq ft to 35,000 sq ft, and the defect rate decreased considerably (Minter 2010).  Photo 

Etch increased its inventory turns from approximately two to seven and a half, while freeing up 
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a large amount of cash (Minter 2010).  Due to the high level of devotion and enthusiasm of 

their workforce, the company was able to reach 20 percent reduction in manufacturing costs 

and 30 percent increase in capacity without extra capital expenditure (Ery 2006).  The Lean 

transformation was then expanded to the supply chain, which resulted in 74 percent decrease 

for part travels and 61 percent reduction in people travels, and also to the administrative area 

which resulted in $49,000 to $125,000 increase in sales per employee annually (Ery 2006). 

The CPA firm, Rea and Associates, Inc. started its Lean journey at the beginning of 2008.  

The company published the results of their business tax return Kaizen event from 2009 

(Hostetler 2010).  Rea and Associates reported that with just this one single improvement 

event, they increased realization (the percentage of time worked that actually gets billed to a 

client) by 6 percent and decreased “write-offs” by 51.6 percent.  They increased revenue by 1.9 

percent, cash-receipts by 10 percent, and decreased chargeable hours (e.g., increasing work 

efficiency) by 7.5 percent (Hostetler 2010).  The company also established new Lean metrics 

including waiting time for review, which improved from two weeks to less than one week; and 

waiting time to clear review, which improved from one week to less than two days (Hostetler 

2010). 

Buck Knives, a custom knife manufacturer, started its Lean journey in 2001 (Vinas 2008).  

As a first step, the company implemented Lean in the manufacturing area, which resulted in a 

30 percent reduction in manufacturing costs, a 60 percent reduction in work-in-process 

inventory, a 33 percent reduction in facility size, and a 38 percent reduction in cycle time in the 

area of blade fabrication (Vinas 2008).  In 2005, the company extended the implementation in 

the administrative area by reorganizing the entire facility by value streams.  They also extended 
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implementation by addressing cyclical sales issues, creating operational metrics that are aligned 

with Lean principles, and switching the traditional accounting system to lean accounting (Vinas 

2008).  Unfortunately, the outcome of the administrative reorganization were not discussed in 

Vinas’ (2008) case study.  

Parker Hannifin, an industry leader in motion and control technologies started their 

Lean journey in 2000 (Baggaley 2003).  Implementing Lean on the shop-floor resulted in 

producing to orders instead of unreliable forecasts, reducing setup times by an average of 80 

percent, and reducing lead time below an hour for each product (Baggaley 2003).  Once the 

shop-floor had been transformed by Lean principles, management extended the 

implementation to the administrative area.  By 2003, the following results were reportedly 

achieved: 78 percent improvement in return on assets (ROA), 74 percent improvements in 

return on sales (ROS), 95 percent improvement in on-time delivery, 100 percent reduction in 

freight expediting costs, 51 percent reduction in scrap rate, 41 percent improvement in average 

days of inventory, and 15 percent improvement in productivity (Baggaley 2003). 

The Wiremold Company, that was a large electric wire conduit company employing 900 

employees, generating $75 million sales revenue, and owning 2500 distribution centers at 

seven locations in North-America in 1985, started its Lean journey in 1991 (Emiliani et al. 2003).  

In the late 1980s, to cope with fierce time-based competition and increasing number of 

customer complaints, the company continuously acquired new product lines while still using 

batch and queue production and keeping high finished goods inventory (Emiliani et al. 2003).  

Between 1987 and 1990, the company started to implement Just-in-Time but they failed as no 

one knew exactly how to do it (Emiliani et al. 2003).  In 1991, new management took place in 
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the company that enforced a Lean transformation starting with developing a long-term strategy 

based upon time-based competition.  In addition to changing the performance measurement 

system focusing on quality and other non-financial performance measures, and improving all 

communication channels to become both precise and consistent over many years (Emiliani et 

al. 2003).  From the beginning, continuous improvements became the center of the 

transformation, e.g., the factory layout has been changed; set-up time got reduced; visual 

controls, production leveling, and Kanban system got introduced to support a one-piece flow 

system.  Inventory levels were reduced that generated more cash-flow; and the supply base 

was taught to respond to a pull system among many other things (Emiliani et al. 2003).  As a 

result of a nine years long transformation process, the Wiremold Company was able to increase 

its first shipment fill rates to its customers from 60 percent to 92 percent and decrease its 

individual product defect rates by 40 to 57 percent (Emiliani et al. 2003).  Also, the allowable 

time to fill an order was reduced from 72 hours to 24 hours, while inventory turns were 

increased from 4 to 10 by the end of 1999 (Emiliani et al. 2003).  The company’s productivity, as 

measured by sales per full time employee, improved by 162 percent throughout the years 

(Emiliani et al. 2003).  Although, Wiremold was not able to achieve its 20 percent goal of an 

annual profit sharing, it increased its rate from the 1.3 percent in 1990 to over 10 percent in 

1996 (Emiliani et al. 2003).   
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Table 4: Summary of Lean performance measures used in case-studies. 

Case-study subjects Industry segment Lean implemented 
(year) 

Performance measures 

Watlow Electric 
Manufacturing Co. 

Thermal solutions 2004 1) Total case incident rate (safety) 
2) Defects per million (quality) 
3) On-time to promise (delivery) 
4) Sales per full time equivalent (cost) 
5) Days of inventory 
6) Employee involvement in Kaizen events 

Photo Etch Aerospace manufacturing 2009 1) On-time delivery 
2) Product quality 
3) Manufacturing lead time 
4) Square footage 
5) Inventory turns 
6) Sales per employee rate 

Rea and Associates, Inc. CPA firm 2008 1) Realization (amount billed/WIP) 
2) Write-off 
3) Revenue 
4) Chargeable hours 
5) Waiting time for review 
6) Waiting time to clear review notes 

Buck Knives Custom knife manufacturer 2001 1) Manufacturing costs 
2) Facility size 
3) WIP inventory 
4) Fabrication cycle time 

Parker Hannifin Motion and control technologies 2000 1) Set-up time 
2) Manufacturing lead time 
3) Return on assets 
4) Return on sales 
5) On-time delivery 
6) Freight expediting costs 
7) Scrap rate  
8) Average days of inventory 
9) Productivity 

The Wiremold Company Electric wire conduit 1990 1) First shipment fill rate 
2) Number of defects 
3) Sales per full-time equivalent employee 
4) Cost of goods sold per FIFO inventory value (inventory turns) 
5) Actual profit sharing dollars per actual straight time wages 
6) New product development cycle 
7) Pursue of selective acquisitions 
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Although, the success stories of case studies discussed above (Table 4) are mostly 

positive, they cannot be generalized to all companies that start implementing Lean.  Conflicting 

information can be found in peer-reviewed academic publications in respect to operational 

and financial successes of a Lean transformation.  A summary of scientific studies investigating 

the operational and financial outcomes of Lean transformations will be presented next.  Some 

of these empirical studies may have been already introduced in the previous sub-chapter 

entitled “Determinants of Lean Used in Empirical Research” focusing on Lean principles and 

determinants while now the focus is on performance results. 

One of the earliest peer-reviewed academic studies that investigated whether an 

integrated set of manufacturing practices (JIT, TQM, and TPM) is positively associated with the 

level of manufacturing performance as measured by cost efficiency, quality, delivery, and 

flexibility was conducted by Cua (2000).  More specifically, Cua defined cost efficiency as unit 

cost of manufacturing and inventory turnover; quality as the quality of product conformance 

and product capability and performance; delivery as on-time delivery rate and cycle time; and 

flexibility as flexibility to change volume and flexibility to change the product mix.  One hundred 

sixty-four manufacturing facilities from 5 different countries and 3 different industry segments 

responded to the research questionnaire.  Results showed that a combined and simultaneous 

implementation of different manufacturing practices such as JIT, TQM, TPM, and common 

practices (strategic and human resources oriented practices) is positively associated with 

manufacturing performance.  The study, however, was not able to answer the question as to 

which individual manufacturing practices are more relevant for improving different 

performance dimension.  Results show that each manufacturing practice variable have a 
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significant effect on at least one performance dimension and therefore different configurations 

of manufacturing practices improve different performance dimensions.  Consequently, one can 

assume that manufacturing practices presented in this study all support the achievement of 

high manufacturing performance. 

The ultimate goal of Shah (2002)’s research was to identify Lean “determinants” (called 

manufacturing practices in their study) and explore different patterns for Lean implementation 

in a sample of the U.S. manufacturing industry (electronics, automotive, aerospace, and 

biotechnology industries).  Lean, in Shah’s (2002) study, is considered a multi-dimensional 

approach that encompasses seven key management “principles,” including Just-in-Time 

production methods.  In addition to statistical process control tools to monitor quality, 

employee involvement in problem solving, group technology to enhance the flow of products, 

feedback to and communication with suppliers, Just-in-Time delivery by suppliers, and 

customer involvement.  Shah also selected 17 key operational measures including 1) unit 

product cost, 2) unit material cost, 3) unit direct labor cost, 4) total manufacturing overhead 

cost, 5) manufacturing lead times, 6) vendor lead times, 7) changeover times, 8) direct labor 

productivity, 9) total labor productivity, 10) percent of on time deliveries, 11) percent of new 

products introduced on time, 12) delivery speed, 13) delivery speed, 14) delivery reliability, 15) 

volume flexibility, 16) process flexibility, and 17) flexibility to adjust capacity and compared 

them among companies that exhibit different patterns of implementation.  Operational 

performance measures used in Shah’s research were derived from prior operations 

management studies, especially from Flynn et al. (1994, 1995) and Ward et al. (1994, 1995).  

The 17 operational performance measures were categorized around five dimensions including 
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lower cost, time, productivity, delivery, and flexibility.  Data was collected directly from 

managers, who were asked to indicate the change in each of the operational measures listed 

above.  Results of the study include that “Lean companies” showed significantly higher 

performance in all five dimensions (cost, time, productivity, delivery, and flexibility) than “Non-

Lean companies.”  The greatest difference between “Lean companies” and “Non-Lean 

companies” were observed in respect to flexibility, time, and delivery performance, followed by 

productivity and cost Shah (2002). 

Olsen, in 2004, conducted empirical research on measuring the financial impact of Lean 

management.  The study considers Lean as a synergistic set of eight mutually supportive and 

integrated management principles, including Just-in-Time production methods, statistical 

process control to monitor quality, employee involvement in problem solving, group technology 

to enhance the flow of product, total productive maintenance, communication with suppliers, 

Just-in-Time delivery by suppliers, and customer involvement.  A total of 42 out of 316 

manufacturers in four industry segments (SIC 28, 35, 36, 38) participated in the study, from 

which 24 companies were categorized as “Lean archetype” companies, while 18 companies 

were categorized as “Non-Lean archetype” ones.  The author distinguished “Lean archetype” 

companies from a “Non-Lean archetype” companies by conducting a cluster analysis on the 

eight Lean principles listed above.  The purpose of Olsen’s research was to determine whether 

“Lean archetype” companies have better operational and financial performance than “Non-

Lean archetype” companies.  The operational metrics used in the study included asset 

productivity, employee productivity, gross margin ratio, cash-to-cash cycle time, and total cycle 

time.  The financial metrics included return on equity, sales growth, and stock return.  Both 
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operations and financial performance data were received from Compustat (2013) and CRSP 

(2013) databases for the years of 1998-2002.  To measure asset productivity, return on book 

value of assets was calculated by removing cash from the asset to eliminate short-term 

financing decisions on the measurements.  Employee productivity was measured as operating 

income per number of employees.  Operating income, rather than sales was used to calculate 

employee productivity, because it emphasizes employee contribution to both, revenue and cost 

aspects of an operation.  Gross margin ratio was calculated as the ratio of the cost of goods sold 

at the selling price.  Lean is expected to improve product quality and on-time delivery, while 

reducing costs and shorten the production cycle; thus it is expected to improve sales.  Cash-to-

cash cycle time was selected as an operational metric because it encourages cash-flow 

maximization, while the total cycle time encourages the reduction of total transaction time in 

the company’s order fulfillment process.  Return on equity (ROE) was selected as a financial 

measure because of its high credibility (e.g., companies are unable to manipulate its value 

(Olsen 2004, Vick 2000) and it provides information on profits generated by companies in 

comparison to their historical book value of assets.  Sales growth (SG) provides information on 

how well a company is doing in the marketplace.  If a given company’s growth rate is higher 

than the median value of its competitors, then the company is gaining market share.  Stock 

return (SR) is a market-based measure that indicates “…The premium that the market places on 

the potential earnings stream for a company…” (Olsen 2004, p.88).  In general, results of the 

study show that “Lean archetype” companies differ from “Non-Lean archetype” companies in 

respect to operational performance but do not differ in respect to financial performance.  

Further investigation of the difference in operational performance show that “Lean archetype” 
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companies perform significantly better in total (p = 0.066) and cash-to-cash cycle times (p = 

0.040) and significantly worse in gross margin ratio (p = 0.077) than “Non-Lean archetype” 

companies.  None of the remaining operational metrics (e.g., asset productivity (p = 0.809) and 

employee productivity (p = 0.929)) indicated significant differences between Lean archetype 

and Non-Lean archetype companies.  Also, “Lean archetype" companies did not show 

significantly better performance in any of the financial performance categories (e.g., ROE (p = 

0.790), SG (p = 0.453), SR (p = 0.905)) than Non-lean archetype companies.  Unfortunately, the 

sample size of the study (n=48) may be too small to discover statistical differences between 

archetype companies. 

The purpose of Fullerton and Wempe's (2009) study was to examine whether non-

financial performance indicators mediate the association between Lean manufacturing and 

financial performance or not.  Hundred and seventy-seven companies from four industry 

segments (SIC 28, 35, 36, 38) were contacted to participate in the study and a final response 

rate of 68 percent was achieved.  Lean is represented in this study by only four Lean principles, 

including shop-floor employee involvement in problem solving, set-up time reduction, the 

implementation of cellular manufacturing, and quality improvement.  While financial 

performance is measured by three metrics including return on sales, return on assets, and cash-

flow margin.  Financial data was received from Compustat (2013) for the year of 2001.  

Although, the authors listed three financial metrics at the beginning of their paper, they 

elaborated only on results related to return on sales (ROS).  The study found that, using a 

reduced structural equation model (non-financial performance indicators were not included), a 

significant relationship was found between cellular manufacturing, reduced set-up time and 
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ROS, while no significant relationship was found between production quality and ROS.  When 

tested separately, the non-financial performance indicators showed moderate positive 

relationships with both, the lean manufacturing principles (r = 0.328) and ROS (r = 0.361).  

However, in a full structural equation model, when all components listed above were 

incorporated, none of the Lean principles showed a significant relationship with ROS. 

Fricke (2010) in his study investigated the Lean implementation status of wood products 

(NAICS 321) and furniture manufacturing (NAICS 337) in the state of Virginia by sending out a 

census survey to 1,193 companies.  In his study, the author used metrics developed by Emiliani 

et al. (2003) to measure respondents’ business performance.  Findings of the study show that 

respondents applying Lean principles and practices achieved improvements in their sales per 

employee ratio, followed by inventory turnover, cost per unit, lead time, and on-time delivery 

(40, 32, 28, 15, and 14 percent of respondents indicated an improvement, respectively). 

Harris (2012) investigated whether companies who publicly announced in their annual 

report to start a Lean transformation by the fiscal year of 2008 achieved better financial 

performance than companies with similar characteristics (based on SIC code and company size) 

but no Lean transformation effort being announced in their annual report.  A total of 19 

matched pairs (Lean vs. Non-Lean) of companies were selected for comparison.  In this study, 

financial performance was evaluated based on financial information collected from the 

Compustat (2013) database for the years of 2008 and 2010.  These were return/profit measures 

(return on net operation assets, return on total assets, profit margin), cash-flow measures 

(operating cash flows, cash-adequacy ratio, financing-assets ratio), working-capital measures 
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(net working capital, working capital turnover, current ratio, acid-test ratio, accounts receivable 

turnover, days of sales uncollected), and inventory measures (total inventory turnover, raw 

materials turnover, work in process turnover, finished goods turnover, days of sales in 

inventory).  Matched-pair design and Wilcoxon rank tests were used to analyze the results.  The 

author found that “Lean companies” outperformed their “Non-Lean” matched pairs in all 

return/profit measures statistically significantly (e.g., return on net operation assets – p = 

0.025, return on total assets p = 0.030, profit margin p = 0.090) as well as in all cash-flow 

measures (e.g., operating cash flows p = 0.023, cash-adequacy ratio p = 0.028, financing-assets 

ratio p = 0.083); however, no differences were found between “Lean companies” and “Non-

Lean companies” in any working-capital measures.  Inventory measures of the study showed 

mixed results by reporting that “Lean companies” having significantly higher total inventory 

turnovers (p = 0.016), higher raw material (p = 0.002) and finished goods (p = 0.077) inventory 

turnovers.  However, both “Lean” and “Non-Lean” companies are reported having similar work 

in process inventory turnovers, and “Lean companies” having significantly lower days of sales in 

inventory (p = 0.036) than their “Non-Lean” competitors. 

The implementation of Lean principles in many U.S. companies was initially focused on 

the manufacturing area; however, as companies became more proficient in carrying out Lean 

transformations, they have extended Lean ideas to other parts of their businesses, such as to 

the supply chain, customer support, and administrative and accounting areas, among others.  

As of today, Lean is viewed as a holistic, enterprise-wide management system that can improve 

business results, customer satisfaction, and operational and financial performance.  The 

individual case studies introduced above and many others have been promoting the evidence 
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that the implementation of Lean leads to operational and financial success, yet these success 

stories cannot be generalized to all companies that implement Lean.  The limited number of 

peer reviewed publications that investigated the relationship between Lean implementations 

and operational and financial outcomes were collected and discussed above.  A summary of 

operational and financial performance measures used in the peer-reviewed research discussed 

above is summarized in Table 5 below. 
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Table 5: Summary of Lean performance measures used in empirical studies discussed. 

Author(s) Year Operational measures Financial measures 

Cua 2000 1) Unit cost of manufacturing 
2) Inventory turnover 
3) Quality of product conformance 
4) Product capability and performance 
5) On-time delivery rate 
6) Cycle time 
7) Flexibility to change volume 
8) Flexibility to change product mix 

N/A 

Shah 2002 1) Unit product cost 
2) Unit material cost 
3) Unit direct labor cost 
4) Total manufacturing overhead cost 
5) Manufacturing lead times 
6) Vendor lead times 
7) Changeover times 
8) Direct labor productivity 
9) Total labor productivity 
10) Percent of on time deliveries 
11) Percent of new products introduced on time 
12) Delivery speed 
13) Delivery speed 
14) Delivery reliability 
15) Volume flexibility 
16) Process flexibility 
17) Flexibility to adjust capacity 

N/A 

Olsen 2004 1)Asset productivity (ROCA) 
2) Employee productivity (EP) 
3) Gross margin ratio (GMR) 
4) Cash-to-cash cycle time (CTC) 
5) Total cycle time (CTT) 

1) Return on equity(ROE) 
2) Sales growth (SG) 
3) Stock return (SR) 

Fullerton and Wempe 2009 

N/A 1) Return on sales (ROS) 
2) Return on assets (ROA) 
3) Cash-flow margin (CFM) 

Fricke 2010 

1) Sales per employee 
2) Inventory turnover 
3) Cost per unit 
4) Lead time 
5) On-time delivery 

N/A 

Harris 2012 

N/A 1) Return on net operation assets 
2) Return on total assets 
3) Profit margin 
4) Operating cash flows 
5) Cash-adequacy ratio 
6) Financing-assets ratio 
7) Net working capital  
8) Working capital turnover 
9) Current ratio 
10) Acid-test ratio  
11) Accounts receivable turnover 
12) Days of sales uncollected 
13) Total inventory turnover 
14) Raw materials turnover 
15) Work in process turnover 
16) Finished goods turnover 
17) Days of sales in inventory 
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2.6. Transportation Equipment Manufacturing 

The United States transportation equipment manufacturing industry (NAICS 336) is a 

fragmented industry segment comprised of companies primarily engaged in manufacturing equipment 

for transporting people and goods on road, rail, air, and water (Statistics Canada 2007).  In 2007, the 

United States transportation equipment manufacturing industry consisted of 13,071 establishments, 

employed 1,579,550 employees, and had a total value of shipments of $746 billion (U.S. Census Bureau 

2007a).  The North American Industry Classification System (NAICS) classifies the United States 

transportation equipment manufacturing industry into seven major categories: motor vehicle 

manufacturing (NAICS 3361), motor vehicle body and trailer manufacturing (NAICS 3362), motor 

vehicle parts manufacturing (NAICS 3363), aerospace product and parts manufacturing (NAICS 3364), 

railroad rolling stock manufacturing (NAICS 3365), ship and boat building (NAICS 3366), and other 

transportation equipment manufacturing (NAICS 3369), as shown in Table 6. 

Table 6: Structure of the Transportation Equipment Manufacturing Industry (Statistics Canada 2007). 

Transportation Equipment Manufacturing (NAICS 336) 
Motor 

Vehicle Mfg. 
(NAICS 
3361) 

Motor 
Vehicle 

Body and 
Trailer Mfg. 

(NAICS 
3362) 

Motor Vehicle 
Parts Mfg. 

(NAICS 3363) 

Aerospace 
Product and Parts 

Mfg. 
(NAICS 3364) 

Railroad 
Rolling 
Stock 
Mfg. 

(NAICS 
3365) 

Ship and 
Boat 

Building 
(NAICS 
3366) 

Other 
Transportation 

Equipment Mfg. 
(NAICS 3369) 

Automobile 
mfg. 

Motor 
vehicle body 
mfg. 

Motor vehicle 
gasoline engine 
and engine parts 
mfg. 

Aircraft mfg. Railroad 
rolling 
stock 
mfg. 

Ship 
building 
and 
repairing 

Motorcycle, 
bicycle, and parts 
mfg. 

Light truck 
and utility 
vehicle mfg. 

Truck trailer 
mfg. 

Motor vehicle 
electrical and 
electronic 
equipment mfg. 

Aircraft engine 
and engine parts 
mfg. 

 Boat 
building 

Military armored 
vehicle, tank, 
and tank 
component mfg. 

Heavy duty 
truck mfg. 

Motor home 
mfg. 

Motor vehicle 
steering and 
suspension 
components mfg. 

Other aircraft 
parts and auxiliary 
equipment mfg. 

  All other 
transportation 
equipment mfg. 

 Travel trailer Motor vehicle Guided missile    
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and camper 
mfg. 

brake system mfg. and space vehicle 
mfg. 

  Motor vehicle 
transmission and 
power train parts 
mfg. 

Guided missile 
and space vehicle 
propulsion unit 
and propulsion 
unit parts mfg. 

   

  Motor vehicle 
seating and 
interior trim mfg. 

Other guided 
missile and space 
vehicle parts and 
auxiliary 
equipment mfg. 

   

  Motor vehicle 
metal stamping 

    

  Other motor 
vehicle parts mfg. 

    

From the seven industry categories listed above (Table 6), only three of them – motor vehicle 

manufacturing (NAICS 3361), motor vehicle body and trailer manufacturing (NAICS 3362), and motor 

vehicle parts manufacturing (NAICS 3363) – are considered in this study. 

2.6.1. Motor Vehicle Manufacturing (NAICS 3361) 

The motor vehicle manufacturing industry (NAICS 3361) comprises of companies primarily 

engaged in producing automobiles, light duty motor vehicles, and/or heavy duty motor vehicles 

(Statistics Canada 2007).  In 2007, the United States motor vehicle manufacturing industry classified 

under NAICS 3361 consisted of 379 establishments, employed 179,362 employees and had a total 

value of shipments of $258 billion (U.S. Census Bureau 2007b).  The industry consists of three major 

geographical hubs.  The first hub is located in the Great Lakes area and is often referred to as the “Big 

Three” area as it includes the U.S. headquarters of the three largest U.S. motor vehicle manufacturers 

of General Motors (GM), Ford, and Chrysler.  The Great Lakes area also provides homes to numerous 

other motor vehicle production plants such as Oshkosh, Navistar, Freightliner and many other 

companies.  The second hub is located in the Southeast region and provides homes for the U.S. 
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headquarters of Volkswagen and Nissan and is home to numerous other motor vehicle production 

plants – mainly Japanese and Korean manufacturers such as Hyundai, Kia, Toyota, and Honda and 

German manufacturers such as BMW and Mercedes-Benz.  A third hub is located on the West Coast, 

mainly in California, where companies such as Mazda, Isuzu, Mitsubishi, Suzuki, Kia, Honda, Toyota, 

Hyundai have their U.S. headquarters (IBISWorld 2013a). 

2.6.1.1. Automobile Manufacturing (NAICS 336111) 

The automobile manufacturing sub-segment (NAICS 336111) consists of companies involved 

with producing complete automobiles, or automobile chassis only (Statistics Canada 2007).  In 2007, 

the United States automobile manufacturing sub-segment consisted of 188 establishments, employed 

65,436 employees and had a total value of shipments of $84.7 billion (U.S. Census Bureau 2007c).  The 

automobile manufacturing sub-segment has a moderate level of market share concentration, the top 

four players accounting for 54.3 percent of total industry revenue in 2012 (IBISWorld 2013a).  The 2012 

IBISWorld industry report ranks Toyota Motor Corporation as the market leader in the U.S. with its 

market share of 15.6 percent, followed by General Motors Corporation with 15.3 percent, Ford Motor 

Company with 12 percent, and Hyundai-Kia Automotive Group with 11.4 percent (IBISWorld 2013a).  

The remaining market players share 45.7 percent of the total industry revenue (IBISWorld 2013a).  

During the past five years to 2013, the economic downturn hit the already struggling automotive 

manufacturing sub-segment hard because the financial crisis made it difficult for consumers to finance 

a new car (IBISWorld 2013a, Ward’s Automotive Group 2010).  Customer demand for new motor 

vehicles hit historic lows in 2009 with annual sales of new vehicles in that year being below 10 million, 

as opposed to the all-time high of 17 and 16 million in 2000 and 2007, respectively (Canis and 

Yacobucci 2010).  The decline resulted in plant closures, suspension of research and development 
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activities, and drastic reductions of workforce, among other things (IBISWorld 2013a, Ward’s 

Automotive Group 2010).  Consequently, two companies of the Big Three (Chrysler and GM) sought 

bankruptcy protection in 2009 (IBISWorld 2013a).  To help automobile manufacturers to reduce 

inventory levels, the U.S. government introduced a car buying incentive program called “Car Allowance 

Rebate System” to provide cash rebates to consumers who traded their used, old vehicle for a new, 

fuel-efficient one (IBISWorld 2013a).  In 2010, consumer demand restored somewhat when financing 

became more accessible again and the recent positive development in the economy and in car demand 

over the next two years helped the industry cover some of the losses it encountered during the 

recession (IBISWorld 2013a, Ward’s Automotive Group 2010).  Industry sales are expected to grow by 

approximately 3.5 percent annually to $103.4 billion by 2018 (IBISWorld 2013a).  Also, experts expect 

that automotive manufacturers are starting to focus on producing smaller, lighter, and more fuel-

efficient vehicles to become more competitive in the wake of rising gas prices and to comply with 

increasing mileage per gallon of fuel mandates by the U.S. Federal government (IBISWorld 2013a). 

2.6.1.2. Light truck and utility vehicle manufacturing (NAICS 336112) 

The light truck and utility vehicle manufacturing sub-segment (NAICS 336112) comprises of 

companies primarily engaged in “…Manufacturing complete light trucks and utility vehicles, or 

manufacturing light truck and utility vehicle chassis only. Vehicles made include light duty vans, pick-up 

trucks, minivans, and sport utility vehicles…” (U.S. Census Bureau 2014a).  In 2007, the United States 

light truck and utility vehicle manufacturing sub-segment consisted of 90 establishments, employing 

84,806 employees and generating a total value of shipments of $154.0 billion (U.S. Census Bureau 

2007d).  The light truck and utility vehicle manufacturing sub-segment is concentrated with the top 

four companies accounting for 69.7 percent of the total industry revenue in 2012 (IBISWorld 2012a).  



Literature Review 75  

 

 

The IBISWorld industry report ranks General Motors Corporation as the largest producer of light truck 

and utility vehicle with its market share of 22.3 percent, followed by Ford Motor Company with 21.0 

percent, Toyota Motor Corporation with 13.3 percent, and Chrysler Group LLC with 13.1 percent 

(IBISWorld 2012a).  The remaining market participants share the remaining 30.3 percent of the total 

industry revenue (IBISWorld 2012a).  The light truck and utility vehicle manufacturing sub-sector 

operates in similar circumstances as does the automobile manufacturing sub-segment (IBISWorld 

2012a).  Rising oil prices, consumers’ rising environmental concerns, and the difficulties to obtain credit 

undermined the profitability of sport utility vehicle (SUV) and light duty truck manufacturers causing 

industry revenue to fall at an annualized rate of 4.2 percent to $134.4 billion over the five years up to 

2012 (IBISWorld 2012a).  Governmental programs such as the “Car Allowance Rebate System” and the 

“Corporate Average Fuel Economy” regulation offered help for industry participants to sell out piled up 

inventories and to revolutionize engine technologies (IBISWorld 2012a).  Industry participants are 

continuously adapting to changing consumer perceptions and changing governmental regulations (e.g., 

Corporate Average Fuel Economy, CAFE) by introducing new products, such as hybrids and crossover-

utility vehicles with improved fuel efficiency (IBISWorld 2012a).  Despite the popularity of these new 

products, demand still remains low but industry revenue is expected to grow at an average annual rate 

of 3.0 percent and reach $156.1 billion over the next five years to 2017 (IBISWorld 2012a). 

2.6.1.3. Heavy duty truck manufacturing (NAICS 336120) 

The heavy duty truck manufacturing sub-segment (NAICS 336120) comprises of companies 

primarily engaged in “…Manufacturing heavy duty truck chassis and assembling complete heavy duty 

trucks, buses, heavy duty motor homes, and other special purpose heavy duty motor vehicles for 

highway use or manufacturing heavy duty truck chassis only…” (U.S. Census Bureau 2014b).  In 2007, 
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the United States heavy duty truck manufacturing sub-segment consisted of 101 establishments, 

employed 29,120 employees and generated a total value of shipments of $19.4 billion (U.S. Census 

Bureau 2007e).  The heavy duty truck manufacturing sub-segment is highly concentrated, the top four 

companies account for 76.7 percent of the total industry revenue in 2012 (IBISWorld 2013b).  The 

IBISWorld industry report ranks Volvo AB as the market leader with a market share of 23.6 percent, 

followed by PACCAR, Inc. with 21 percent, Daimler AG with 19.8 percent, and Navistar International 

Corporation with 12.3 percent (IBISWorld 2013b).  The remaining market players share the remaining 

23.3 percent of total industry revenue (IBISWorld 2013b).  The economic downturn that started in 

2007 had a negative influence on the performance of the heavy duty truck manufacturing sub-segment 

by slowing down trade-flows and therefore postponing truck purchasing activities (IBISWorld 2013b).  

As a result, industry revenue fell by 2.6 percent in 2009 (IBISWorld 2013b).  In response to the 

declining trends of the U.S. markets, the major players expanded their businesses internationally, 

especially in Asia and South America (IBISWorld 2013b).  Emerging countries, such as Brazil, Russia, 

India, and China (e.g., the BRIC countries), where demand for transport rises substantially compared 

with developed countries, encouraged the U.S. heavy duty truck manufacturers to outsource their 

production (IBISWorld 2013b).  Consequently, the number of establishments in the U.S. has decreased 

over the past five years to 91 in 2012 (IBISWorld 2013b).  Also impacting the heavy duty truck 

manufacturing industry sub-segment is the 2004 Environmental Protection Agency (EPA) 

announcement of new emission regulations; the first phase of those regulations has been 

implemented in 2007 and the second phase in 2010 (IBISWorld 2013b).  Due to these regulations, the 

heavy duty truck manufacturers were required to invest heavily in research and development (R&D) to 

fulfill the new emission requirements.  The EPA anticipated a 1 percent increase in truck prices as a 
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result of the R&D efforts of the industry participants; however, industry participants anticipated truck 

price increases of approximately 5 percent (IBISWorld 2013b).  The U.S. Bureau of Labor Statistics 

reported a 6.5 percent increase in heavy duty manufacturer’s price index from 2006 to 2007 as 

opposed to the 3.5 percent increase from 2005 to 2006 (U.S. Bureau of Labor Statistics 2014).  When 

the economy started to improve in 2010 and freight movements in the U.S. increased, the industry’s 

revenue grew 31.1 percent in 2012 (IBISWorld 2013b).  For the five years from 2012 to 2017, IBISWorld 

forecasts that trade activity will heighten and freight movement will further increase, which will result 

in an average annual 1.4 percent growth rate for the industry to $25.7 billion in 2017 (IBISWorld 

2013b).  The recovery process is expected to be slow because there is still a large stock of second hand 

vehicles on the market.  Although, industry profitability will rise over the next five years, both industry 

revenue and export activities will stay below 2006 levels and the number of establishments is expected 

to fall to 88 by 2017 (IBISWorld 2013b).  Also, the Federal Government’s 2011 legislation, which 

introduced a new fuel economy standard that would require heavy duty truck manufacturers to 

produce more fuel efficient, hybrid engines, will result in higher truck prices in the future (IBISWorld 

2013b). 

2.6.2. Motor vehicle trailer and body manufacturing industry (NAICS 3362) 

The motor vehicle trailer and body manufacturing industry (NAICS 3362) comprises of 

companies primarily engaged in producing motor vehicle bodies and cabs for trucks, automobiles, 

utility trailers, truck trailer chassis, detachable trailer bodies, and/or detachable trailer chassis 

(Statistics Canada 2007).  In 2007, the United States motor vehicle trailer and body manufacturing 

industry consisted of 2,215 establishments, employed 145,863 employees and had a total value of 
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shipments of $36 billion (U.S. Census Bureau 2007f).  Most motor vehicle trailer and body 

manufacturers are located in the Great Lakes region, primarily in Indiana, Chicago, and Detroit 

(IBISWorld 2012b).  California, Iowa, Oregon, and Texas are the next largest trailer and body 

manufacturing states in terms of revenue (IBISWorld 2012b).  The United States motor vehicle trailer 

and body manufacturing industry has a low market share concentration; the top three companies 

(Thor Industries Inc. 10.9 percent, Berkshire Hathaway Inc. 5.1 percent, Wabash National Corporation 

4.0 percent) are estimated to account for approximately 20 percent of total revenue, while small 

manufacturers account for the rest of the industry revenue (IBISWorld 2012b).  In 2007, the retirement 

of a part of the baby boomer generation provided increased demand for the motor vehicle trailer and 

body manufacturing industry, mainly for recreational vehicles (RV’s), while freight companies provided 

high demand in truck trailers before the new environmental regulations introduced by the U.S. 

government affected truck prices (IBISWorld 2012b).  However, in the following years up to 2012, the 

industry experienced an average 7.2 percent annual decline due to reduced credit access and 

decreased spending of RV and semi-truck trailer consumers (IBISWorld 2012b).  Consequently, over the 

past five years, many industry participants underwent mergers, acquisitions, or filed for bankruptcy 

(IBISWorld 2012b).  However, over the five years to 2017, demand is expected to stabilize and reach its 

pre-recession level (IBISWorld 2012b).  Yet, new governmental regulations in regards to fuel-efficiency, 

as well as the change in consumer behavior towards more economic, environmentally friendly vehicles, 

may set demand back.  However, the introduction of new, hybrid-electric vehicles may soften this 

threat (IBISWorld 2012b).  



Literature Review 79  

 

 

2.6.3. Motor vehicle parts manufacturing industry (NAICS 3363) 

The motor vehicle parts manufacturing industry (NAICS 3363) is primarily engaged in producing 

motor vehicle gasoline engines and engine parts, motor vehicle electrical and electronic equipment, 

motor vehicle steering and suspension components, motor vehicle brake systems, motor vehicle 

transmission and power train parts, motor vehicle seating and interior trimmings, motor vehicle metal 

stampings, and/or other motor vehicle parts (Statistics Canada 2007).  In 2007, the United States motor 

vehicle manufacturing industry consisted of 5,742 establishments, employed 584,440 employees and 

had a total value of shipments of $206 billion (U.S. Census Bureau 2007g).  Motor vehicle parts 

manufacturers, similarly to motor vehicle manufacturers, are clustered in the Great Lakes, Southeast, 

and West regions. 

The performance of motor vehicle parts manufacturers highly correlates with the performance 

of motor vehicle manufacturers (IBISWorld 2012c).  The economic slowdown forced motor vehicle part 

manufacturers to downsize their businesses and find ways to improve productivity (IBISWorld 2012c).  

Although, the economy started to improve in 2010, industry participants are careful with re-hiring, 

open idle facilities, or extending the scope of their businesses (IBISWorld 2012c).  However, increasing 

demand from both national and foreign-owned automakers is expected to create new opportunities 

for parts suppliers in the long-term (IBISWorld 2012c).  In the next five years, full recovery of motor 

vehicle manufacturers and recent consumer trends toward smaller, fuel efficient cars, such as hybrid 

and electric cars is expected to drive industry growth (IBISWorld 2012c). 
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2.6.3.1. The motor vehicle gasoline engines and engine parts manufacturing (NAICS 33631) 

The motor vehicle gasoline engines and engine parts manufacturing sub-segment (NAICS 

33631) is primarily engaged in manufacturing and/or rebuilding motor vehicle gasoline engines 

(Statistics Canada 2007).  In 2007, the United States motor vehicle gasoline engines and engine parts 

sub-segment consisted of 994 establishments, employed 61,886 employees and had a total value of 

shipments of $27.7 billion (U.S. Census Bureau 2007h).  The motor vehicle gasoline engines and engine 

parts manufacturing sub-segment is moderately concentrated, the top four companies account for 

58.1 percent of the total industry revenue in 2012 (IBISWorld 2012c).  The IBISWorld industry report 

ranks General Motors as the market leader with its market share of 18.6 percent, followed by Ford 

Motor Company with 15.8 percent, Toyota Motor Corporation with 12.9 percent, and Chrysler Group 

LLC with 10.8 percent (IBISWorld 2012c).  The remaining market players share 41.9 percent of the total 

industry revenue (IBISWorld 2012c).  Continuously increasing gasoline prices, the economic recession 

that started in 2007, changes in consumer perspectives towards more compact, fuel-efficient cars, and 

looming legislative standards caused a strong decline in consumer demand and resulted in an 

approximately 2.3 percent annual decline in industry revenue to $28.7 billion by 2012 (IBISWorld 

2012c).  The industry is expected to invest heavily in developing new, fuel-efficient gasoline engines; 

however, the introduction and expansion of electric vehicles, such as the Chevrolet Volt and Nissan 

Leaf, which run on an electric motor and high-powered lithium-ion batteries threatens the industry 

segment’s future performance (IBISWorld 2012c). 
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2.6.3.2. The motor vehicle electrical and electronic equipment manufacturing (NAICS 33632) 

The motor vehicle electrical and electronic equipment manufacturing sub-segment (NAICS 

33632) is primarily engaged in manufacturing/rebuilding vehicular lighting and/or motor vehicle 

electrical and electronic equipment (Statistics Canada 2007).  In 2007, the United States motor vehicle 

electrical and electronic equipment manufacturing sub-segment consisted of 816 establishments, 

employed 72,698 employees and had a total value of shipments of $20.5 billion (U.S. Census Bureau 

2007i).  The motor vehicle electrical and electronic equipment manufacturing sub-segment is 

moderately concentrated, with the top four companies accounting for 57.6 percent of total industry 

revenue in 2012 (IBISWorld 2013c).  The IBISWorld industry report ranks Johnson Controls, Inc. as the 

market leader with its market share of 20.9 percent, followed by Delphi Corporation with 16.6 percent, 

Lear Corporation with 14.7 percent, and Denso Corporation with 5.4 percent (IBISWorld 2013c).  The 

remaining market players share 42.4 percent of the total industry revenue (IBISWorld 2013c).  As with 

all participants of the United States transportation equipment manufacturing industry (NAICS 336), the 

recession caused declines in the motor vehicle electrical and electronic equipment manufacturing sub-

segment, but the industry started to rebound in 2010 as the economy started to recover (IBISWorld 

2013c).  Looming legislative standards regarding fuel-efficiency encourages industry participants to 

invest in new materials and technologies (IBISWorld 2013c).  For example, Delphi Corporation 

introduced aluminum alternatives to copper wiring, which reduces motor vehicle weight (IBISWorld 

2013c).  Unlike motor vehicle gasoline engines and engine parts manufacturers, motor vehicle 

electrical and electronic equipment manufacturers may also benefit from the production of electric 

vehicles because electric vehicles require large amounts of electrical components (IBISWorld 2013c).  
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Therefore, the industry revenue is expected to grow by 2.7 percent annually to $20.4 billion by 2018 

(IBISWorld 2013c).  

2.6.3.3. The motor vehicle steering and suspension component manufacturing (NAICS 33633) 

The motor vehicle steering and suspension component manufacturing sub-segment (NAICS 

33633) is primarily engaged in manufacturing/rebuilding motor vehicle steering mechanisms and 

suspension components (Statistics Canada 2007).  In 2007, the United States motor vehicle steering 

and suspension component manufacturing sub-segment consisted of 259 establishments, employed 

35,856 employees and had a total value of shipments of $10.6 billion (U.S. Census Bureau 2007j).  The 

motor vehicle steering and suspension component manufacturing sub-segment is highly fragmented, 

the top two companies (TRW Automotives Inc. and Tenneco Inc.) accounted for 17.4 percent of the 

total industry revenue in 2012 (IBISWorld 2012d).  The industry’s major consumers are domestic 

automobile and light duty truck manufacturers; therefore, when those industry segments started to 

collapse due to the recession in 2007, high gasoline prices, and environmental concerns of consumers, 

the motor vehicle steering and suspension component manufacturing sub-segment suffered losses 

(IBISWorld 2012d).  To thrive and survive, the industry provided repair and replacement services for 

steering and suspension parts for the motor vehicle parts aftermarkets but industry revenue still 

declined an annualized 2.1 percent (accounts for $10.3 billion in dollar value) over the five years to 

2012 (IBISWorld 2012d).  In the next five years up to 2017, demand from major customers is expected 

to stabilize; however, due to high steel prices and continuously growing international competition, the 

growth in industry revenue is expected to be only around one percent annually (to $10.8 billion, 

IBISWorld 2012d). 
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2.6.3.4. Motor vehicle brake system manufacturing (NAICS 33634) 

The motor vehicle brake system manufacturing sub-segment (NAICS 33634) is primarily 

engaged in manufacturing/rebuilding motor vehicle brake systems and related components (Statistics 

Canada 2007).  In 2007, the United States motor vehicle brake system manufacturing sub-segment 

consisted of 241 establishments, employed 30,434 employees and had a total value of shipments of 

$11.2 billion (U.S. Census Bureau 2007k).  The motor vehicle brake system manufacturing sub-segment 

is highly fragmented, with the top three companies (TRW Automotive Inc., Akebono Brake 

Corporation, Continental AG) controlling 24.9 percent of total industry revenue in 2012 (IBISWorld 

2012e).  The industry, having motor vehicle manufacturers as their primary markets, experienced 

major losses during the recession with an average annualized decline of 1.1 percent (IBISWorld 2012e).  

In the near future, demand is expected to stabilize and fall in line with the production of major 

automobile manufacturers (IBISWorld 2012e).  New trends toward hybrid and electric vehicles 

encouraged the industry to develop more fuel efficient technologies, such as regenerative brakes 

(IBISWorld 2012e).  The industry revenue is expected to improve by an annualized 2.7 percent ($12 

billion) over the next five years to 2017 (IBISWorld 2012e).  

2.6.3.5. Motor vehicle transmission and power train parts manufacturing (NAICS 33635) 

The motor vehicle transmission and power train parts manufacturing sub-segment (NAICS 

33635) is primarily engaged in manufacturing/rebuilding motor vehicle transmissions and power train 

parts (Statistics Canada 2007).  In 2007, the United States motor vehicle transmission and power train 

parts manufacturing sub-segment consisted of 537 establishments, employed 75,485 employees and 

had a total value of shipments of $35.9 billion (U.S. Census Bureau 2007l).  The motor vehicle 
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transmission and power train parts manufacturing sub-segment is highly fragmented, too, with the top 

two companies (Dana Holding Corporation and American Axle & Manufacturing Holdings Inc.) 

accounting for 12.6 percent of the total industry revenue in 2012 (IBISWorld 2012f).  The industry 

produces exclusively for original equipment manufacturers (OEMs); therefore, the collapse of the 

motor vehicle markets in 2007 decreased demand for motor vehicle transmissions, axles, and other 

components and decreased the industry revenue by 0.5 percent to $36.4 billion in 2012 (IBISWorld 

2012f).  To accommodate the motor vehicle industry’s new diesel and hybrid vehicles, transmission 

and power train parts manufacturers are developing automated transmission gearboxes that work 

efficiently with high-efficiency engines (IBISWorld 2012f).  Starting in 2010, demand from upstream 

manufacturers toward transmission and power train parts showed continuous increases, a trend that is 

expected to continue.  Therefore, industry revenue is expected to increase by 3.2 percent annually to 

$42.6 billion by 2017 (IBISWorld 2012f). 

2.6.3.6. Motor vehicle seating and interior trim manufacturing (NAICS 33636) 

The motor vehicle seating and interior trim manufacturing sub-segment (NAICS 33636) is 

primarily engaged in manufacturing motor vehicle seating, seats, seat frames, seat belts, and interior 

trimmings (Statistics Canada 2007).  In 2007, the United States motor vehicle seating and interior trim 

manufacturing sub-segment consisted of 434 establishments, employed 54,376 employees and had a 

total value of shipments of $21.3 billion (U.S. Census Bureau 2007m).  The market power of motor 

vehicle seating and interior trim manufacturers is somewhat concentrated, with the top four players 

controlling 61.4 percent of total industry revenue in 2012 (IBISWorld 2013d).  Major competitors of 

this industry segment include Johnson Controls Inc. with 21.2 percent market share, followed by Lear 

Corporation with 18.6 percent, International Automotive Components Group North America 16.9 
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percent, and Visteon Corporation with 4.7 percent market share (IBISWorld 2013d).  Remaining players 

shared 38.6 percent of the total industry revenue in 2012 (IBISWorld 2013d).  Motor vehicle seating 

and interior trim manufacturers needed to accommodate falling demand and financial pressure during 

the recession by applying serious cost-cutting strategies (IBISWorld 2013d).  By 2018, as the economy 

recovers, national and international demand is expected to increase and industry revenue is expected 

to reach an annualized 2.3 percent growth leading to total revenues of $21.8 billion by 2018 (IBISWorld 

2013d). 

2.6.3.7. Motor vehicle metal stamping (NAICS 33637) 

The motor vehicle metal stamping sub-segment (NAICS 33637) is primarily engaged in 

manufacturing motor vehicle stampings, such as fenders, tops, body parts, trim, and molding (Statistics 

Canada 2007).  In 2007, the United States motor vehicle metal stamping sub-segment consisted of 825 

establishments, employed 99,703 employees and had a total value of shipments of $29.5 billion (U.S. 

Census Bureau 2007n).  The motor vehicle metal stamping sub-segment is moderately concentrated; 

the top four players accounted for 34.6 percent of total industry revenue in 2012 (IBISWorld 2012g).  

Major competitors in this industry sub-segment include General Motors Corporation (12 percent 

market share), followed by Ford Motor Company (10.4 percent), Toyota Motor Corporation (7 

percent), and Flex-N-Gate Corporation (6.9 percent, IBISWorld 2012g).  Remaining players shared 63.7 

percent of total industry revenue in 2012 (IBISWorld 2012g).  The industry’s primary market consists of 

motor vehicle manufacturers; therefore, industry revenue showed an average of 2.7 percent 

annualized decline between 2007 and 2012 (IBISWorld 2012g).  Although, demand is expected to pick 

up in the near future, new trends toward producing fuel-efficient vehicles, which require less steel per 
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vehicle, subdue the potential for increasing profit margins and growth (IBISWorld 2012g).  IBISWorld 

forecasts annualized 2.4 percent revenue growth to $30.9 billion by 2017 (IBISWorld 2012g). 

This sub-chapter introduced three major sub-segments (motor vehicle manufacturing (NAICS 

3361), motor vehicle body and trailer manufacturing (NAICS 3362), motor vehicle parts manufacturing 

(NAICS 3363)) of the U.S. transportation equipment manufacturing industry, which is one of the largest 

industries in the U.S. and is a vital engine of the U.S. economy, contributing greatly to the nation’s 

employment and productivity.  In the following sub-chapter, an overview of existing survey research 

methodologies will be introduced. 

2.7. Primary Data Collection 

Primary data collection mechanisms from individuals or organizations, which allow researchers 

to collect reliable estimates of the characteristics of a population by sampling and obtaining results 

from a subset of the population in question, have been transformed over the past decades from being 

a comfortable face-to-face conversation (up to the 1970s) to a highly impersonal experience often 

facilitated by an electronic device (Dillman et al. 2009a).  Rapid changes in survey practices not only 

affect the mode of conducting surveys but the methods used for designing questions and 

questionnaires and obtaining answers from respondents to receive results and satisfactory response 

rates from participants (Dillman et al. 2009a, Connelly et al. 2003).  Despite all the changes, the major 

steps involved in designing, implementing, and analyzing a quality survey remain the same today as in 

the past: 1) a clear definition of the research objectives, 2) a clear definition of the population to be 

sampled, 3) the development of a sampling plan, 4) a questionnaire design, 5) a pre-test and a revision 
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of the questionnaire, if necessary, 6) data collection, 7) data analysis, and 8) a final report (Ott and 

Longnecker 2010). 

2.7.1. Survey Design 

When designing a survey, the overall research objectives as well as specific research questions 

must be clearly and concisely defined to ensure that the survey provides the data researchers need to 

answer their questions (Scheaffer et al. 2011).  Once the research objectives are defined, the 

population, e.g., the overall group of interest to this study, must be identified and a sampling plan 

must be devised (Scheaffer et al. 2011).  The goal of a sampling plan is to randomly select a small 

percentage of the total population of interest that will in turn represent the behaviors and attitudes of 

the population as a whole (Scheaffer et al. 2011).  Developing a sampling plan involves two major 

tasks, e.g., selecting the appropriate sampling technique and determining the sample size (Scheaffer et 

al. 2011).  The four sampling techniques that can be differentiated include (a) simple random sampling, 

(b) stratified random sampling, (c) cluster sampling, and (d) systematic sampling (Scheaffer et al. 2011, 

Ott and Longnecker 2010).  In simple random sampling (a), participants are chosen from the population 

by a random mechanism, where each participant has an equal chance of being selected (Scheaffer et 

al. 2011, Ott and Longnecker 2010).  Stratified random sampling (b) divides the population into strata 

based on a similarity and then randomly selects participants from each stratum (Scheaffer et al. 2011, 

Ott and Longnecker 2010).  In cluster sampling (c) the population consists of many different clusters 

from which a number of clusters are selected randomly and then participants are selected from each 

pre-selected cluster randomly (Scheaffer et al. 2011, Ott and Longnecker 2010).  In systematic sampling 

(d) , every kth participant from a list of all possible participants is selected (Scheaffer et al. 2011, Ott 
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and Longnecker 2010).  Once the population and sampling technique are defined, the sample size 

(number of completed responses) can be determined based on time, money, and precision required.  

The completed sample size is calculated based on Equation 1 (Dillman et al. 2009a, p.56): 

 Ns = [(Np)*(p)*(1-p)] / [(Np-1)*(B/C)2 + (p)*(1-p)] (1) 

where Ns represents the size of the completed sample, Np represents the population size, p represents 

the expected variation in responses to the questions of interest, B represents the margin of error, and 

C represents the Z-score associated with the amount of statistical confidence (Dillman et al. 2009a, 

p.56). 

Receiving high quality responses in sufficient quantities requires developing a questionnaire 

design that minimizes survey errors (Groves 1989).  Four types of survey errors can be differentiated: 

(a) coverage error, (b) sampling error, (c) non-response error, and (d) measurement error (Groves 

1989).  Coverage error (a) occurs if the selected survey mode does not properly represent the 

population being investigated (Groves 1989).  In the survey process, all members of the population 

must have a known, nonzero chance of being represented in the sample; otherwise those excluded 

may differ from those included (Dillman et al. 2009a).  Today, computer technologies and the Internet 

enable researchers to compile and maintain enormous and up-to-date databases for all kind of 

population (Dillman et al. 2009a).  Sampling error (b) is the degree to which a survey statistic differs 

from its “true” value due to the fact that the survey is conducted among only some rather than all 

members of the population (Groves 1989).  Sampling error is the imprecision of the survey estimates 

that researchers are willing to live with (Groves 1989).  Nonresponse error (c) occurs when not all 

people selected in the sample respond to the survey and those who do not respond are different from 
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those who respond in a way that is important to the study (Groves 1989).  The biasing effects of the 

nonresponse error are the function of the missing data rate and the difference between respondents 

and non-respondents (Biemer and Lyberg 2003).  Measurement error (d) occurs from inaccurate or 

imprecise answers provided by respondents due to poor question wording, poor questionnaire 

construction, incorrect survey mode, and/or aspects of the respondents’ behavior (Groves 1989).  To 

minimize the survey errors listed above (coverage error (a), sampling error (b), non-response error (c), 

and measurement error (d)), it is necessary to select a survey mode that provides adequate coverage 

of the population from which a large enough sample can be drawn; to design the survey 

implementation in a way that it motivates various types of people to respond; and to design the 

questionnaire in a way that it encourages respondents to provide thoughtful and honest answers 

(Dillman et al. 2009a). 

2.7.1.1. Survey Mode Selection 

Four commonly used survey modes can be differentiated, including (a) in-person interviews, (b) 

telephone surveys, (c) mail surveys, and (d) internet based surveys (Dillman et al. 2009a).  Before the 

1970s, in-person interviews (a) were the only generally accepted mode of conducting surveys (Dillman 

et al. 2009a).  At that time, well-trained interviewers visited selected participants in their homes or 

workplace and tried to build good personal relationships with them to receive high quality answers 

(Dillman et al. 2009a).  Although, these well-trained interviewers were able to achieve great response 

rates of 70 to 90 percent on average by conducting in-person interviews, such surveys required 

complex sampling methods, high labor costs, and long data collection periods due to large distances 

between selected participants (Dillman et al. 2009a).  In the 1970s, telephone and mail surveys (b and 

c) started to emerge primarily to overcome distance, reduce the need for developing multistage 
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sampling methods, and reduce costs (Dillman et al. 2009a).  Since the 1970s, in-person interviews were 

applied mostly when strict coverage criteria exist, telephone surveys were applied when national 

household samples were needed, and mail surveys were applied when cost was a concern and postal 

addresses were available (Dillman et al. 2009a).  From the 1990s on, however, in-person interviews 

started to lose access to respondents’ newly secured homes and workplaces and telephone surveys 

started to have issues with unlisted phone numbers, answering machines, caller identification, call 

blocking, and people’s tolerance (Dillman et al. 2009a).  Cultural changes accompanied by the rise of 

electronic technology, especially by the spread of the Internet, created the potential for internet-

based-surveys (d, Dillman et al. 2009a).  As internet-based communication tools such as e-mail and 

social media became the standard way of communication, the survey process can now be executed 

faster, more cost efficient, and more convenient for researchers (Dillman et al. 2009a).  However, the 

large number of surveys directed at individuals made possible by the internet nowadays requires 

researchers to differentiate their survey from the many others to achieve satisfactory response rates 

(Dillman et al. 2009a). 

Unfortunately, research by Connelly et al. (2003) shows, that regardless of the survey mode 

selected, response rates dropped an average of 0.77 percent every year between 1971 and 2000; 

however, there is also evidence that response rate can be improved by applying a mixed-mode survey 

design (Dillman et al. 2009a, Biemer and Lyberg 2003).  The mixed-mode survey design means applying 

a primary survey mode (personal, telephone, mail, or internet-based) and keeping in mind all design 

requirements and assumptions and then, if necessary, combining it with a second or third mode to 

increase response rate (Biemer and Lyberg 2003).  As of today, it is unknown why different modes 

produce different response rates (Biemer and Lyberg 2003).  There are numerous advantages of using 



Literature Review 91  

 

 

a mixed-mode survey design other than improving response rate and thereby reducing non-response 

error (Dillman et al. 2009a, Biemer and Lyberg 2003).  First, survey costs can be significantly reduced by 

collecting responses with the least expensive mode (e.g., internet-based survey) and then switching to 

another mode (e.g., mail survey or telephone survey) for targeted respondents who did not respond.  

Second, the length of data collection can be reduced if businesses/respondents are matched with the 

mode that is most convenient for them to respond.  Third, incentives, especially financial incentives, 

can be delivered more easily and effectively with one mode e.g., mail survey then with other modes, 

such as internet-based survey or telephone survey where respondents may become suspicious about 

electronic financial transactions.  Fourth, when a single survey mode cannot adequately cover the 

entire population of interest, the application of mixed-mode surveys can help to reduce coverage 

error.  Also, for surveys containing sensitive questions, e.g., health, alcohol, drug, financing, etc. related 

questions in a survey can cause measurement errors, which can be greatly reduced by applying less 

personal modes, such as internet-based survey or mail survey as opposed to telephone or in-person 

interviews. 

Four types of mixed-mode survey designs can be differentiated (Dillman et al. 2009a).  The first 

design is using one mode to contact and encourage respondents to fill out the survey, which is 

presented in another mode (Dillman et al. 2009a).  For example, one can send a letter by mail to 

potential respondents and encourage them to fill out internet-based survey (Dillman et al. 2009a).  This 

first design has the advantage of improving response rate and reducing coverage and non-response 

errors, but it may increase implementation costs (Dillman et al. 2009a).  The second design is using one 

mode throughout the questionnaire, but another mode is used to collect sensitivity information from 

the same respondents often at a later time (Dillman et al. 2009a).  The advantage of this second design 
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is that it reduces measurement error and possible bias caused by social desirability, but it may increase 

survey cost and non-response bias (Dillman et al. 2009a).  The third design is using different modes for 

different respondents in the same survey period (Dillman et al. 2009a, Dillman et al. 2009b).  Dillman 

et al. (2009b) demonstrated two examples of the possibility of using different modes for different 

respondents in the same survey period (e.g., the third design method).  In the first example, all survey 

participants (U.S. household) received a standard pre-notice letter with a request to respond to a 12 

pages long questionnaire including 51 questions requiring 81 answers.  Three days later, an invitation 

letter with a $5 incentive, a mail questionnaire and return envelope were sent to all participants.  Two 

weeks after the pre-notice letter, thank you/reminder cards were sent to respondents and non-

respondents.  Four weeks after the initial letter, a replacement questionnaire was sent to non-

respondents with a return envelope and a cover letter that also included a URL and access code for the 

internet-based version of the survey.  Using this mixed-mode survey design, researchers were able to 

receive a 70 percent response rate via mail and an additional one percent response rate via the 

Internet (Dillman et al. 2009b).  In a second example, the same pre-notification letter was sent out to 

all survey participants (U.S. household) and the invitation letter sent three days later included a URL 

and access code for an Internet survey and included the same $5 incentive.  Two weeks after the pre-

notice letter, thank you/reminder cards were sent to respondents/non-respondents.  Four weeks after 

the initial letter, a remainder letter with the URL and access code was sent to non-respondents 

accompanied with a mail questionnaire and return envelope for the mail option.  Following the mixed-

mode survey design described in this second example, researchers were able to receive a 41 percent 

response rate via internet and an additional 14 percent response rate via mail.  The advantage of this 

third design is the improved response rate and reduced cost, coverage error, and non-response error, 
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but measurement error may apply since respondents with different characteristics may respond to 

different modes (Dillman et al. 2009a, Dillman et al. 2009b).  The fourth design is applied primarily in 

longitudinal survey studies, e.g., medical studies and retirement studies where collecting responses 

from sampled individuals may take 20 to 30 years or sometimes longer.  In longitudinal studies, the 

mode of collecting responses from the same individuals may change between survey periods to reduce 

costs or to apply more up-to-date modes (Dillman et al. 2009a).  Applying the fourth design may 

reduce survey cost but increases design cost and measurement error by threatening the ability of 

researchers to accurately measure change in attitudes, opinions, or behavior (Dillman et al. 2009a).   

A mixed-mode survey design must be carefully implemented because different survey modes 

may require different survey constructions (Dillman et al. 2009a).  For example, if survey questions are 

written and presented in the same way in all of the individual designs, it can ensure that respondents 

receive a common mental stimulus (Dillman et al. 2009a).  However, in some cases different modes 

require different wording and different display of questions depending on the capabilities of each 

mode, or in other cases some features are not equally available for all modes (Dillman et al. 2009a).  

Thus, to design a high quality survey, researchers must match the survey mode or the combination of 

modes to the target population, research questions, technological capabilities of different modes, 

budget, and timeframe of the study (Dillman et al. 2009a). 

2.7.1.2. Survey Question and Questionnaire Design 

Different survey modes require different communication channels.  For example, telephone 

surveys are affected by the voice and spoken words of an interviewer and participants’ memory may 

become an issue, while mail and internet-based surveys are affected by written words and visual 
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design (Dillman et al. 2009a).  Designing good survey questions requires an understanding on how each 

component of the questions forms cohesive meaning to respondents (Dillman et al. 2009a). 

Before the 1990s, a large amount of research had been conducted on how written words in 

mail and internet surveys influence the overall response rate, the quality, and the accuracy of such 

studies (Dillman et al. 2009a, Brace 2004, Smith 2003, De Leeuw and De Heer 2002, Foddy 1993, Brislin 

1986).  Every question to form a survey question must require an answer from each survey participant; 

otherwise non-response bias can occur (Dillman et al. 2009a).  Every question must be written in 

sentence form with simple sentence structure (Dillman et al. 2009a).  “Double-barreled” questions that 

contain two different verbs or state two different concepts must be avoided (Brace 2004, Fink 2002, 

Fowler 1992, Brislin 1986). Survey questions must be technically accurate (Dillman et al. 2009a) and 

grammatically correct (Dörnyei 2003, Dillman 2000, Brislin 1986).  Complex words and phrases as well 

as technical vocabulary that not all respondents will understand should be avoided.  Instead, simple 

and familiar words should be used (Dillman et al. 2009a).  Survey questions should use specific and 

concrete words to specify the response task.  Words that indicate vagueness should be avoided 

(Dillman et al. 2009a, Dillman 2000, Brislin 1986).  Specific quantifiers in the response options of 

frequency questions must be applied to avoid misinterpretation of survey questions (Dillman et al. 

2009a, Fink 2002, Schwarz et al. 1985).  Survey questions should use as few words as possible, e.g., 

Brislin (1986) suggests using a maximum number of 16 words, while Oppenheim (1992) recommends 

using a maximum number of 20 words to form a question.  Double negative wording in survey 

questions should also be avoided (Dillman et al. 2009a). 
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Since the 1990s, the focus of research started to shift from the science of written words to the 

science of visual perception (Dillman et al. 2009, Christian and Dillman 2004, Hoffman 2004, Palmer 

1999).  Dillman et al. (2009a) differentiate four design elements including words, numbers, symbols, 

and graphics that communicate information to respondents.  Each of these design elements can be 

presented in a different way based on their size, font type, color, and location (Dillman et al. 2009, 

Ware 2004, Schwarz et al. 1998).  Standardization of all design properties and response options are 

crucial to send consistent messages to respondents (Dillman et al. 2009a).  For example, creating a 

separation between question and answer by using large/dark prints for questions and smaller/lighter 

prints for answers can help more respondents to provide an answer (Dillman et al. 2009a).  Selecting 

proper line spacing, font and text sizes can ensure the legibility of questions and minimize the need to 

re-read portions of questions (Dillman et al. 2009a).  Using visual design properties to emphasize 

important elements can help more respondents to provide an answer (Dillman et al. 2009a).  

Integrating special instructions into questions and emphasizing them with font or symbol variation can 

assure that they are applied properly by respondents at the time when they matter (Christian and 

Dillman 2004). 

Both, wording and visual perception can be applied for all survey question types; they just 

require a slightly different configuration (Dillman et al. 2009a).  Three types of question format can be 

differentiated, e.g., open-ended questions, closed-ended questions, and partially closed ended 

questions (Dillman et al. 2009a).  An open-ended question format is used when the goal is to collect 

detailed information on a topic without limiting or influencing respondent answers (Dillman et al. 

2009a).  In open-ended questions, respondents are asked to write their answers using their own words 

in a blank space or box (Dillman et al. 2009a).  The drawback of using an open-ended question format 
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is that respondents often tend to skip such questions or provide only short answers (Dillman et al. 

2009a).  Also, the analysis of open-ended questions is complex, because answers can be highly 

variable, in fact, they can be much higher than when using any other question formats (Dillman et al. 

2009a).  A closed-ended question format is used when researchers provide respondents with a list of 

answer choices from which they must choose to answer (Dillman et al. 2009a).  Four types of closed-

ended questions exist: (a) nominal, (b) ordinal, (c) ratio, and (d) interval questions (Dillman et al. 

2009a).  Nominal questions (a) include categorically discrete answer options, such as name of the 

respondent’s school, type of the car the respondent drive (Dillman et al. 2009a).  Ordinal questions (b) 

include an ordered set of answer categories, such as the level of satisfaction on a rating scale from 1 to 

5 (Dillman et al. 2009a).  Ratio questions (c) include interval answers with a natural zero point, e.g., 

time. Interval questions (d) include answers where intervals between each value are equally split, e.g., 

degrees Fahrenheit (Dillman et al. 2009a).  Partially closed ended questions are used when listing too 

many answer choices would overwhelm respondents (Dillman et al. 2009a).  Adding an “Other” 

category to the answer choices allows respondents to provide a response that does not fit in the list, 

but hopefully most respondents will be able to select a response from the list (Dillman et al. 2009a). 

When designing a survey, transforming a list of well-designed questions into a well-designed 

questionnaire can maximize response rate and minimize measurement bias and non-response bias 

(Dillman et al. 2009a).  Questions that cover similar topics should be grouped together and be 

separated into different survey sections.  The first question of the survey should be relevant to nearly 

all respondents (Dillman et al. 2009a, Groves 2006, Heberlein and Baumgartner 1978), while sensitive 

questions should be placed at the end of the questionnaire (Dillman et al. 2009a).  All questions should 

be numbered or identified with a letter (Dillman et al. 2009a).  Survey questions should be listed in a 

http://www.usablestats.com/lessons/datatypes2


Literature Review 97  

 

 

chronological order within each survey section to help respondents access their memories (Dillman et 

al. 2009a, Belli 1998).  Visual presentation of questions (e.g., color and contrast), as well as the 

alignment of questions, should be consistent throughout the entire questionnaire to help respondents 

organize and visually emphasize the information on the page (Dillman et al. 2009a, Lidwell et al. 2003). 

2.7.1.3. Survey Implementation Planning 

To receive a large number of high quality responses, survey implementation procedures must 

be planned with careful consideration (Dillman et al. 2009a).  A significant body of research has been 

conducted on identifying factors that have a positive impact on survey response rate in both mail and 

internet-based surveys.  In mail surveys, research shows that personalizing all contacts to survey 

participants by using high quality papers, real names, blue-ink signatures, and recognizable graphics, 

among other things, may increase response rates between three to twelve percent (Dillman et al. 

2009a).   Since internet-based surveys and emails are less personal forms of communication than mail 

surveys and letters, personalizing an email invitation with a “Dear [First Name]” style and sending it to 

individual recipients rather than multiple recipients at once can increase response-rates by up to four 

percent (Joinson and Reips 2007, Heerwegh 2005, Barron and Yechiam 2002).  Additionally, sending 

out the email to multiple recipients also raises serious ethical considerations, since it violates 

confidentiality (Dillman et al. 2009a).   In mail surveys, using a token of appreciation is a novel and 

unexpected gesture that encourages participants to respond by completing questionnaires (Dillman et 

al. 2009a).  Research shows that using a token of appreciation reduces non-response bias because it 

encourages participants who were relatively uninterested in completing the questionnaire to respond 

(Groves 2006, Church 1993, James and Bolstein 1992).  Sending a small amount of money, between $1 

and $5, for survey participation is an encouraging gesture that puts the questionnaire in a positive light 
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(Dillman et al. 2009a).  In certain cases, small things like a piece of chocolate or a postage stamp can 

also have a positive effect on response rates and response quality (Gendall and Healey 2008).  In 

internet-based surveys, sending a token of appreciation is a more complicated task because physical 

objects cannot be delivered over the Internet.  Instead, electronic gift certificates, gift cards, magazine 

subscriptions, among other things can be offered to participants (Birnholtz et al. 2004).  Göritz (2006) 

found that financial incentives provided electronically can increase response rate by an average of four 

percent.  In mail surveys, approaching survey participants multiple times by sending them a pre-

notification letter, a questionnaire with a cover letter, a reminder postcard, a replacement 

questionnaire, a final contact with possibly a different mode of delivery, and a thank you note for each 

participant can improve the overall response rate (Dillman et al. 2009a, Heberlein and Baumgartner 

1978).  In internet-based surveys, the same approach can be used, although if the first email gets 

flagged as spam, it is very likely that none of the follow-up emails will be delivered and read (Dillman et 

al. 2009a, Cook et al. 2000).  Therefore Dillman et al. (2009a) recommends using another mode, e.g., 

mail-surveys parallel with internet-based surveys, whenever it is possible. 

Scheduling mailings and follow-ups are important.  In mail surveys, the pre-notification letter 

should arrive three days to one week prior to the initial questionnaire mailing so that it can be 

processed and not forgotten by participants (Dillman et al. 2009a).  With follow-ups, an average of two 

to four weeks waiting is suggested before sending the next postcard or questionnaire (Dillman et al. 

2009a).  In mail surveys, all documents should be professional-appearing and the information should 

be placed exactly where it should be (Dillman et al. 2009a).  The document should enclose a return 

envelope with pre-paid postage that is recognizable for respondents (Dillman et al. 2009a).  Also, an 

identification number should be included that ensures that follow-up mails are only sent to non-
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respondents (Dillman et al. 2009a).  If the mail is returned as undeliverable due to change of residence, 

incorrect address, or closed business, a new schedule for a new mail-out with updated addresses 

should be created (Dillman et al. 2009a).  Refused or unclaimed questionnaires should be removed 

from the mailing list (Dillman et al. 2009a).  In internet-based surveys, scheduling and timing is a more 

sensitive issue since the internet-based survey process is generally faster but also more easily 

dismissible (Dillman et al. 2009a).  Email reminders can be sent out more frequently than mail 

reminders; however, too frequent emails may irritate respondents (Dillman et al. 2009a).  The best 

time to send out an internet-based survey is before work hours, because it allows participants to read 

and fill out the survey before they get busy (Dillman et al. 2009a, Trouteaud 2004).  Regardless of the 

survey mode, federal holidays should be avoided while scheduling a survey (Dillman et al. 2009a).  In 

internet-based surveys, the sender name, address, and subject line should be carefully selected and 

the body of the email should be short and straight to the point (Dillman et al. 2009a).  To avoid spam 

filters, researchers should make sure that their computer’s IP address is not flagged by major email 

providers and their message is sent as a text message rather than an HTML message to individual 

recipients (Dillman et al. 2009a).  In internet-based surveys, clear instructions, possibly  even step-by-

step instructions, must be provided to all participants on how to access the survey, e.g., which website 

to go to, how to enter the personal access code, how to go forward and backward, how to track 

progress, and how to submit responses once the survey is completed (Dillman et al. 2009a).  The 

notification email and the survey website should have an obvious connection that ensures respondents 

that they are at the right location (Dillman et al. 2009a).  A study conducted by Heerwegh and 

Loosveldt (2002) found that if an access code is provided to enter an internet-based survey, 

respondents tend to provide higher quality responses than without an access code, most likely because 
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they feel that their information is secure.   In internet-based surveys, if survey software such as Survey 

Monkey (SurveyMonkey 1999) or Qualtrics (Qualtrics 2002) are used to contact participants, these 

software have inbuilt functions to handle incoming responses and outgoing reminders/thank you notes 

that ensure that no reminder is sent out to people who already responded or unsubscribed.  If an email 

is returned undelivered due to incorrect email address, a new schedule for the new email with a 

corrected address should be created (Dillman et al. 2009a). 

Once the survey is designed and implementation procedures are planned, the survey must be 

pre-tested to collect feedback from numerous people whose areas of expertise are different in regards 

to their knowledge about the survey subject, wording, question order, visual design, and navigation 

problems (Ott and Longnecker 2010, Dillman et al. 2009a).  Then the survey should be sent out for a 

pilot test to a subsample of the population to evaluate interconnections among questions, the 

questionnaire, and implementation procedures (Ott and Longnecker 2010, Dillman et al. 2009a).  

2.8. Survey Analysis 

The analysis of survey results starts with the review of the data set collected.  Researchers in 

social and behavioral sciences frequently face the problem of incomplete data sets due to survey 

design, refused response, insufficient knowledge, and loss of contacts, especially when information 

about a large number of characteristics for each respondent is collected (Berglund 2010, Raghunathan 

et al. 2001).  Sometimes missing data occurs because the survey is designed in a way that it 

intentionally produces missing values, e.g., measurements may be taken on only a subset of the 

sample (Berglund 2010, Raghunathan et al. 2001).  More often, missing values occur because 

respondents refuse to answer certain questions, e.g., sensitive questions or respondents have 
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insufficient knowledge about the question asked (Berglund 2010, Raghunathan et al. 2001).  Also, 

missing values are common in longitudinal studies, when respondents drop out due to lost contact or 

death (Berglund 2010, Raghunathan et al. 2001).  Missing data are potential sources of bias when 

analyzing survey data.  The interpretation of survey results is problematic when a large number of 

returned survey instruments miss values.  Unfortunately, there is no methodological approach for 

handling missing values that is universally accepted for all situations; therefore, a thorough 

understanding of the advantages and disadvantages of the existing methods dealing with missing data 

is essential. 

2.8.1. Missing Survey Data Handling Methods 

A theoretical framework on how to handle missing data was developed by Rubin (1976) who 

described three mechanisms on how the probability of a missing value can relate to the data set.  The 

first missing data mechanism – missing at random (MAR) – describes a situation when the missing data 

is related to other measured variables in the analysis model, but not to the underlying values of the 

incomplete variable (Rubin 1976, Enders 2010, Baraldi and Enders 2010).  For example, in the subject 

of this document, the “Lean implementation in transportation equipment manufacturing” survey, 

sampled individuals are asked whether their facility was involved in a Lean transformation.  From 

individuals responding “no” to this question, responses are not collected on what year their facility 

started the Lean transformation and whether the transformation is still ongoing due to a skip question 

mechanism incorporated in the survey design.  Therefore, responses for the second and third 

questions of this example will be missing for individuals responding “no” to the first question.  

Consequently, the probability of a missing value in question two and three of this example is simply a 
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function of a “no” response to question one and is unrelated to the facility’s performance.  The 

practical problem with the MAR mechanism is that it is impossible to confirm that the probability of 

missing data (e.g., the year when the Lean implementation started in the facility) on the outcome 

variable (e.g., business performance) is only a function of other measured variables (e.g., no Lean 

implementation in the facility).  Therefore, it is impossible to statistically test that the mechanism is 

MAR, it’s assumed.  The second missing data mechanism – missing completely at random (MCAR) – 

describes a situation where the probability of missing data is unrelated to other measured variables in 

the analysis model and to the underlying values of the incomplete variable (Rubin 1976, Enders 2010, 

Baraldi and Enders 2010).  It means that missing values in a facility performance variable are unrelated 

to other measured variables, such as the involvement in Lean transformation variable and unrelated to 

the values of facility performance as well.  Although, it is impossible to statistically verify that values 

are MAR, it is possible to test whether values are MCAR with Little’s MCAR test (Little 1988, Enders 

2010).  The last missing data mechanism – missing not at random (MNAR) – describes a situation when 

the probability of missing values on a given variable is related to the given variable itself, even after 

controlling for other variables (Rubin 1976, Enders 2010).  For example, in the subject of this 

document, MNAR data would occur in the “Lean implementation in transportation equipment 

manufacturing” survey if companies with no Lean transformation efforts are more likely to skip 

questions out of fear of performing worse than others.  Similarly to MAR, it is impossible to statistically 

verify that values are MNAR without knowing the values of the missing variables (Enders 2010).  

Several existing methods on analyzing missing data are discussed below. 
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2.8.1.1. Listwise deletion or complete-case analysis 

Listwise deletion or complete-case analysis is one of the most common used missing data 

handling method (Enders 2010).  Listwise deletion removes all responses with one or more missing 

values from analysis (Enders 2010).  The advantage of listwise deletion is that it restricts the analysis to 

complete cases and therefore provides a strong basis for analysis and also eliminates the need for 

using complex statistics and statistical software packages (Enders 2010).  The disadvantage of this 

method is that it always assumes that the missing data is missing completely at random (MCAR).  If 

that assumption does not hold, it may provide skewed estimates for analysis.  For example, if two 

variables in a survey are positively correlated to each other and some data are missing in regards to 

one of those two variables, listwise deletion would exclude cases from the lower or upper tail of the 

other variable cases as well causing skewed results in the other variable’s mean estimates (Enders 

2010).  Also, deleting all incomplete responses would result in a dramatic reduction of the response 

rate and thus of the statistical power of the survey (Enders 2010).  Despite its disadvantages, listwise 

deletion can provide accurate data for regression analysis under any missing data mechanisms as long 

as the missing data is a function of a dependent variable but not an independent variable (Little 1992, 

Enders 2010). 

2.8.1.2. Pairwise deletion or available-case analysis 

Pairwise deletion or available-case analysis is another commonly used missing data handling 

method that uses complete cases for analysis by disregarding data for any case that has one or more 

missing values (Enders 2010).  Unlike listwise deletion, pairwise deletion uses complete case analysis 

on a question by question basis which may result in different response rates for each question (Enders 
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2010).  The advantage of pairwise deletion is its simplicity and its tendency to be more powerful than 

listwise deletion if there is a large sample size with only a few missing values and the variables of the 

data set are not highly correlated (Glasser 1964, Enders 2010).  The disadvantage of the method, 

similarly to listwise deletion, is that it only provides accurate estimates for MCAR data (Enders 2010). 

2.8.1.3. Arithmetic mean imputation 

Arithmetic mean imputation, also called mean substitution or unconditional mean imputation, 

is a single imputation method that generates a single replacement value for each missing data point 

based on the arithmetic mean of the available cases (Wilks 1932, Enders 2010).  Although, arithmetic 

mean imputation is an easy to perform analysis, it imputes a constant for each missing value and 

thereby restricts the variability of the data, infuses the data with uncorrelated observations and 

weakens measures of observations provided by respondents (Enders 2010, Enders and Bandalos 2001, 

Gleason and Staelin 1975).  For example, if two variables are positively correlated and in regards to the 

first variable the lowest data values are missing because they were not collected.  The arithmetic mean 

imputation would replace the missing values of the first variable with the average of the remaining 

values of the same variable (Enders 2010).  By doing so, the variability of those data values will become 

higher indicating misleadingly that no correlations between the original two variables exist (Enders 

2010).  Enders (2010) therefore claims that arithmetic mean imputation is the worst available missing 

data handling method. 

2.8.1.4. Regression imputation or conditional mean imputation 

Regression imputation or conditional mean imputation is a single imputation method that uses 

observed values to complete missing values based on a regression equation (Buck 1960, Enders 2010).  
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The imputation requires two steps.  At first, a set of regression equations need to be created to 

estimate missing values from the observed ones based on a complete-case analysis and then predicted 

values need to be generated for missing values (Enders 2010).  Although, regression imputation is 

superior to the arithmetic mean imputation method (Enders 2010), it often imputes the data with 

perfectly correlated values and thereby creates overestimated correlations and r-square statistics 

(Beale and Little 1975, Gleason and Staelin 1975). 

2.8.1.5. Stochastic regression imputation 

The stochastic regression imputation method is another single imputation method that uses a 

set of regression equations to predict missing values based on the observed ones by applying 

complete-case analysis (Enders 2010).  Stochastic regression imputation outperforms the regression 

imputation by adding residuals – the distance between the actual value of the dependent variable and 

the predicted value of the regression model – to the imputed values (Enders 2010).  Stochastic 

regression imputation is performed in three steps.  First, the entire case analysis is used to establish a 

set of regression equations to predict missing values based on the observed ones (Enders 2010).  Then, 

the observed values are inserted into the established regression equations to create predictions for 

missing values (Enders 2010).  Finally, each predicted value is augmented with a normally distributed 

residual value that is added to compensate for lost variability (Enders 2010).  Although, stochastic 

regression imputation outperforms regression imputation, it has the disadvantage of producing 

inappropriately small standard errors (Enders 2010, Little 1992). 
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2.8.1.6. Hot-deck imputation 

Hot-deck imputation was originally developed by Census Bureau statisticians to deal with 

missing data in public-use data sets by imputing missing values with values from other, similar 

respondents (Scheuren 2005).  Although, the Census Bureau often uses hot-deck imputation, it is not 

commonly used in social sciences because it is not designed to estimate measures of associations and 

it produces biased estimates for correlations and regression coefficients (Enders 2010, Schafer and 

Graham 2002).    

2.8.1.7. Similar response pattern imputation 

Similar response pattern imputation replaces each missing value with a value from a “donor 

case” that has matching values (Jöreskog and Sörbom 1993, Enders 2010).  Finding a donor case as well 

as a matching value is a challenge and greatly influences the success of the imputation (Enders 2010).  

Similar response pattern imputation is not widely used by social scientists because it doesn’t have a 

strong theoretical foundation and it produces biased estimates for MAR data (Enders 2010, Enders and 

Bandalos 2001). 

2.8.1.8. Averaging the available items method 

Computing scale scores by averaging the available items is a common method for dealing with 

incomplete questionnaires in psychological studies (Enders 2010).  If a respondent answers eight out of 

the 10 questions of a survey, the average score of the eight answers for that person is calculated and 

then multiplied by the total number of questions, which are 10 in this example (Enders 2010).  The 

resulting scale scores then reflect each respondent’s view on the subject of interest; therefore, this 

method is also called as a “person mean imputation” in the literature (Bono et al. 2007, Sijtsma and 
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Van der Ark 2003, Bernaards and Sijtsma 2000).  The few empirical studies that tested this method 

(Schafer and Graham 2002, Graham 2009) concluded that the meaning of scale scores may vary among 

respondents and that averaging the available items may be problematic when missing items have 

different means than complete items; therefore, Schafer and Graham (2002) suggest using this 

imputation method with caution. 

2.8.1.9. Last observation carried out method 

The last observation carried out method is used in longitudinal studies, mostly in clinical studies 

(Enders 2010, Wood et al. 2004).  If responses are collected from sampled individuals once a week for 

10 weeks, but a respondent drops out at week eight, values of the respondent’s last observation is 

used for the last two weeks (Enders 2010).  The last observation carried out method often produces 

biased estimated when data is MCAR (Enders 2010, Molenberghs and Kenward 2007) and is claimed to 

be a poor strategy for handling missing data in longitudinal studies (Enders 2010, Molenberghs and 

Kenward 2007, Cook et al. 2004). 

2.8.2. State of the art missing data handling methods 

2.8.2.1. Maximum likelihood method 

Maximum likelihood is one of the two state of the art missing data handling methods (Schafer 

and Graham 2002).  The maximum likelihood method generates several different combinations of 

population parameter values and selects the combination that produces the highest log-likelihood 

value (logarithm of the individual likelihood values) and the best fit for the data (Enders 2010).  The 

maximum likelihood method estimates the parameters directly from complete data without 

imputation from the researchers (Enders 2010).  The advantage of the maximum likelihood method 
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over all other methods described above is that it generates accurate estimates when data is MAR and 

MCAR (Enders 2010), allowing it to produce accurate parameter estimates that have the highest 

probability of reproducing the sample data.  If the data is MNAR, the maximum likelihood method may 

produce biased parameter estimates, but unlike the methods described previously that create bias 

throughout the entire analysis, the  maximum likelihood method isolates the bias to the subset of the 

analysis (Enders 2010). 

2.8.2.2. Multiple imputation 

Multiple imputation is the second state of the art missing data handling method (Schafer and 

Graham 2002).  Multiple imputation replaces each set of missing values with more than one plausible 

set of values and creates several “complete” data set.  Then, each “complete” data set, with its 

combination of imputed values and observed values, is analyzed m times creating m sets of parameter 

estimates and m sets of standard errors.  As a last step, the arithmetic average of the m sets of 

parameter estimates and m sets of standard errors provides the pooled parameter estimate (Enders 

2010, Raghunathan and Grizzle 1995, Rubin 1976).  Multiple imputation also provides accurate 

estimates when the data is MCAR and MAR, but similarly to maximum likelihood estimation it may 

provide biased estimation with MNAR data (Enders 2010).  Therefore, multiple imputation is an 

alternative method to maximum likelihood estimation; both produce very similar parameter estimates 

and standard errors (Enders 2010).  The maximum likelihood estimation method is preferred over the 

multiple imputation method if the goal of the study is to estimate interaction effects or to build a 

structural equation model (Enders 2010).  Maximum likelihood estimation is also built into more 

software packages then multiple imputation; therefore, it may be easier to use (Enders 2010).  

However, multiple imputation is the preferred method over maximum likelihood estimation if there 
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are missing outcome variables in the data set, or missing data needs to be analyzed on an item-level, or 

if auxiliary variables (variables that potentially correlate to missing data) are in use.  In any other case, 

selection of one method over the other is based on the researchers’ preference.  For this study about 

Lean implementation and the role of Lean accounting in the transportation equipment manufacturing 

industry where the multiple imputation method was chosen as the preferred method.  A more detailed 

discussion of the method follows below. 

2.8.3. Multiple Imputation 

The first step of handling missing data using the multiple imputation method is to identify the 

observed and missing variables of a dataset (Reiter et al. 2006, Raghunathan et al. 2001, Van Buuren et 

al. 1999).  For example, let X be an n x p covariate matrix containing all the variables with no missing 

values in a sample size of n.  X consists of different types of variables including continuous, binary, 

count, mixed, and categorical variables.  Let Y be an n x q matrix of partially observed outcome 

variables, where Ymis and Yobs represent the missing and observed parts of Y.  Let R be an n x q binary 

matrix indicating the elements of Y that are observed (Rij =1 if Yij is observed; Raghunathan et al. 2001, 

Van Buuren et al. 1999). 

The second step of handling missing data with the multiple imputation method is to identify 

missing data mechanisms of the dataset (Berglund 2010, Van Buuren et al. 1999).  The response 

mechanism models the probability that Y is observed as a function of observed and missing data, and is 

written as a conditional density p(R =1 I Yobs , Ymis , X). Different assumptions concerning the relation 

between R, Yobs and Ymis, and X define the different types of response mechanisms (e.g., MAR, MCAR, 

MNAR).  As described previously, missing at random (MAR) means that there is a systematic 
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relationship between one or more variables and the probability of missing data, missing completely at 

random (MCAR) means that the missing variables are completely unrelated to the dataset, and missing 

not at random (MNAR) means that the probability of missing values on a given variable is related to the 

given variable itself, even after controlling for other variables (Enders 2010). 

The third step of handling missing data with multiple imputation method is to characterize the 

“missingness” by examining missing data patterns (Berglund 2010, Van Buuren et al. 1999).  Six types 

of missing data patterns can be differentiated including univariate missing data pattern (missing values 

are isolated to a single variable), unit nonresponse missing data pattern (some variables are refused to 

be answered by some respondents), monotone missing data pattern (in longitudinal studies, study 

participants drop out and never return), general missing data pattern (missing values disperse 

throughout the entire dataset), planned missing data pattern (missing values are intentional by 

splitting surveys among sampled individuals), and latent variable missing data patterns (variables are 

missing for the entire sample; Enders 2010, Berglund 2010). 

The fourth step of handling missing data with the multiple imputation method is to select the 

appropriate covariates for the imputation (Van Buuren et al. 1999).  To minimize bias and maximize 

certainty, all covariates should be included in the imputation model; however, large surveys may 

consist of hundreds of variables and using all of them may lead to multicolinearity and computational 

problems (Van Buuren et al. 1999).  Van Buuren et al. (1999) suggests the use of 15 to 25 covariates for 

the imputation by including all variables that appear in the complete-data model and adding to those 

the variables that appear in the response model and the variables that explain a considerable amount 
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of variance of the “target variable,” and subtracting the variances that have too many missing values 

within the subgroup of missing cases. 

The fifth step of handling missing data using the multiple imputation method is to select the 

appropriate form of the model to impute missing values (Raghunathan et al. 2001, Van Buuren et al. 

1999).  If the data set has a monotone pattern, either a parametric method that assumes multivariate 

normality or a nonparametric method is appropriate to impute missing values (Berglund 2010).  

Parametric methods include the regression method, which is the most commonly used method (Rubin 

1978) and the predictive mean matching method (Schenker and Taylor 1996, Heitjan and Little 1991), 

while the nonparametric method includes the propensity score method (Rubin 1987).  The selection of 

the appropriate regression model is based on the following conditions (Raghunathan et al. 2001): 

1) Normal linear regression is used if Yj is a continuous variable 

2) Logistic regression is used Yj is a binary variable 

3) Polytomous or generalized logit regression is used if Yj is a categorical variable 

4) Poisson loglinear regression is used if Yj is a count variable 

5) Logistic and normal linear regressions are used parallel if Yj represents a mixed variable. 

If the data set has an arbitrary pattern, a Markov chain Monte Carlo (MCMC) method (Metropolis and 

Ulam 1949) that assumes multivariate normality is used to impute all or enough missing values to 

make the imputed data sets have monotone missing patterns (Berglund 2010).  Once the imputed data 

set has a monotone missing pattern, methods for data sets with monotone missing patterns can be 

used to impute remaining missing values (Berglund 2010).  Raghunathan et al. (2001) however argue 
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that the missing data pattern does not need to be monotone to apply the regression method for the 

imputation.  

Once the set of covariates are entered into the imputation model and the form of the model 

has been selected, the posterior predictive density p (Ymis I X, R) can be determined (Van Buuren et al. 

1999).  The sixth step of handling missing data using the multiple imputation method is to draw 

imputations from the determined posterior predictive density to produce complete data sets (Berglund 

2010, Raghunathan et al. 2001, Van Buuren et al. 1999).  At first, the variable with the fewest number 

of missing values should be imputed under the appropriate form of the regression model, followed by 

the variable with the next fewest missing values (Berglund 2010, Raghunathan et al. 2001, Van Buuren 

et al. 1999).  The imputation should be repeated until all variables have been imputed.  Repeating 

these steps m times produces m completed data sets (Berglund 2010, Raghunathan et al. 2001, Van 

Buuren et al. 1999).  If the proportion of missing values is approximately 20 percent, three to five 

imputations are adequate to achieve a 0.90 or higher relative efficiency (Rubin 1996). 

Once the imputation step is complete, m joint imputed data sets are created that can be 

analyzed using standard statistical testing procedures to generate valid statistical inferences about 

these parameters by combining results from the m analyses (Berglund 2010).  The following sub-

chapter, therefore, aims to provide an overview of feasible statistical testing procedures for the 

integration or “fit” of Lean principles and determinants and the effect of a “good fit” on business 

performance. 
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2.8.4. Perspectives of Fit and their Subsequent Statistical Testing Procedures 

As this study seeks to investigate the interrelationship of Lean principles and determinants 

throughout numerous functional areas, determine how they all “fit” together, and analyze the effect of 

a “good fit” on business performance, this sub-chapter will discuss the different statistical approaches 

to examine “fit.”   

Venkatraman (1989) identified and classified six types of “fit” including 1) fit as moderation, 2) 

fit as mediation, 3) fit as profile deviation, 4) fit as matching, 5) fit as covariation, and 6) fit as gestalts.  

The author expressed that the selection of the appropriate concept of fit depends on 1) the degree of 

specificity of the fit relationship, e.g., how well the theoretical relationship of Lean principles and 

determinants through different functional areas are predicted to fit together and 2) whether the fit 

relationship is connected to a particular criteria, e.g., business performance (Table 7, Venkatraman 

1989).  According to Venkatraman (1989) the degree of specificity is reciprocally proportional to the 

number of variables in the equation, meaning that the more specific the test is, the lower number of 

variables it contains, which also comes with the danger of oversimplification and reduced explanatory 

power (Venkatraman 1989, Blarr 2012).  On the contrary, the less specific the test is the higher number 

of variables are included in the model, which results in higher explanatory power. 
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Table 7:  Venkatraman's concept of fit framework (Venkatraman 1989, p.425) 

  Choice of anchoring the specification   
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 2) Fit as mediation 5) Fit as covariation  

Low 3) Fit as profile deviation 6) Fit as gestalts Many 

2.8.4.1. Fit as Moderation 

Fit as moderation is applied when the effect of an independent variable (X) on a dependent 

variable (Y) also depends on the level of a third variable (Z), called the moderator (Venkatraman 1989, 

p. 425): 

Y = f (X, Z, X*Z) 

In the above equation, let Y represent the business performance, let X represent the organizational 

strategy, let Z represent the investigated context, while let X*Z represent the interaction effect of the 

organizational strategy and the investigated context (Venkatraman 1989).  In this model, fit is best 

understood when only two variables (X and Z) are involved and when the model is anchored with a 

particular criterion (Y, Venkatraman 1989).  By using fit as moderation, researchers can either 

hypothesize that the predictive ability of certain organizational strategies differs across different 

contexts thereby investigating the strength of the moderation, or they can hypothesize that the 

organizational strategy and the investigated context jointly determine the business performance 



Literature Review 115  

 

 

thereby investigating the form of the moderation (Venkatraman 1989).  The strength of the 

moderation can be analyzed using subgroup analysis, where fit is supported when statistically 

significant differences exist in the value of correlation coefficients between organizational strategy and 

business performance across the investigated context groups (Arnold 1982, Venkatraman 1989).  The 

form of the moderation can be analyzed using moderated regression analysis, where fit is supported 

when the unstandardized coefficient of the interaction effect significantly differs from zero (Arnold 

1982, Venkatraman 1989). 

The application of fit as moderation; however, has some limitations.  First, multicollinearity 

arises when “…Correlation between independent variables are extremely high, producing large 

standard errors of regression coefficients and unstable coefficients” (Venkatraman 1989. p. 426).  

Second, joint assessment of main (e.g., organizational strategy’s effect on performance) and 

interaction effects (e.g., fit between organizational strategy and the investigated context) cannot be 

accomplished using fit as moderation because the standardized coefficients would be meaningless 

(Venkatraman 1989).  Lastly, it may be difficult to attach theoretical meanings to the interaction terms, 

especially if multiple sets of interactions or higher order interactions imply errors in logical 

explanations (Venkatraman 1989). 

2.8.4.2. Fit as Mediation 

Fit as mediation is applied when an intervening mechanism (Z), called a mediator, exists 

between the independent variable (X) and the dependent variable (Y, Rozeboom 1956, Venkatraman 

1989, p. 429): 

Y = f(X), if Z = f (X) and Y = f (Z) 
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In the above equation, let Y represent the business performance, let X represent the organizational 

structure, while Z (the mediator) represents the organizational strategy (Venkatraman 1989).  The 

equation implies that a variable acts like a mediator only if “…Variations in the independent variable 

affect the presumed mediator significantly; variations in the mediator affect the dependent variable 

significantly; and if the first and second effects are controlled, a previously significant relationship 

between the independent variable and the dependent variable is no longer significant…” (Blarr 2012, p. 

33).  Similarly to the fit as moderation model, the fit as mediation model is anchored with a particular 

criterion, but here fit is best understood as an indirect effect, which suggests that the model is less 

precise than the fit as moderation model (Venkatraman 1989).  By using fit as mediation in this 

example, researchers hypothesize that at least part of the organizational structure related increase in 

business performance is mediated by organizational structure related organizational strategy 

(Venkatraman 1989).  To analyze fit as mediation, a path-analytic framework can be used, where fit as 

mediation is fully supported (complete mediation model) when the unstandardized coefficient of the 

mediator does not significantly differ from zero.  However, if the unstandardized coefficient differs 

from zero, fit as mediation is only partially supported (partial mediation model, Venkatraman 1989).  

Venkatraman (1989) emphasizes that if researchers would like to specify the effects of performance 

that are attributable to fit, estimation and interpretation problems due to the complexity of the model 

may arise. 

Blarr (2012) claims that researchers tend to apply the fit as moderation more often than fit as 

mediation.  Regardless, the author argues that neither model performs better than the other; 

therefore, theoretical considerations should determine the choice (Blarr 2012).  Fullerton and Wempe 

(2009) used a multi-perspective approach of fit as moderation and fit as mediation to investigate 
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whether non-financial manufacturing performance moderates or mediates the relationship between 

Lean initiatives and financial performance (Fullerton and Wempe 2009).  The authors failed to show 

any moderating effects but the results supported the concept of fit as mediation (Fullerton and 

Wempe 2009). 

2.8.4.3. Fit as Profile Deviation 

Fit as profile deviation relies on a principle that an ideal profile on implementing an 

organizational strategy for an investigated context (e.g., business environment) can be determined and 

associated with business performance (Xu et al. 2006, Venkatraman 1989).  Adherence to this ideal 

profile will positively affect business performance if the context-strategy co-alignment is high, while 

deviations from this ideal profile will negatively affect business performance if the context-strategy co-

alignment is weak (Xu et al. 2006, Venkatraman 1989).  Therefore, fit as a profile deviation is anchored 

with a particular criterion (e.g., business performance), and ideal profiles are specified along a set of 

closely related variables (Xu et al. 2006, Venkatraman 1989).   

The analysis of fit as a profile deviation is carried out in three steps (Blarr 2012, Venkatraman 

1989).  As a first step, an ideal profile must be determined (Blarr 2012, Venkatraman 1989).  An ideal 

profile can be determined theoretically or empirically (Xu et al. 2006, Vorhies and Morgan 2003, 

Venkatraman 1989, Drazin and Van de Ven 1985).  Theoretical determination of an ideal profile 

requires the relevant literature to be sufficiently detailed allowing researchers to estimate precise 

numerical scores for the appropriate set of dimensions in the ideal profile (Vorhies and Morgan 2003, 

Venkatraman 1989, Drazin and Van de Ven 1985).  Researchers however often experience that the 

relevant literature is not detailed enough to objectively translate theoretical statements from the 
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literature into precise numerical estimates across multiple dimensions (Vorhies and Morgan 2003, 

Venkatraman 1989, Drazin and Van de Ven 1985).  If an ideal profile cannot be determined 

theoretically, it can be determined empirically with the identification of high-performing organizations 

implementing a given organizational strategy and a standardization of their investigated context as an 

ideal profile for implementing that organizational strategy (Vorhies and Morgan 2003, Venkatraman 

1989, Drazin and Van de Ven 1985).  In this case, the ideal profile is represented by a company that has 

configured its investigated context in a way that enables superior implementation of its organizational 

strategy that results in superior business performance (Vorhies and Morgan 2003, Venkatraman 1989, 

Drazin and Van de Ven 1985).  As a second step, the set of dimensions included in the model must be 

weighted based on their relative importance to the context (Blarr 2012, Venkatraman 1989).  In a third 

step, the predictive power of the test must be determined through a baseline model using weighted 

Euclidian distance calculations (Blarr 2012, Venkatraman 1989). 

2.8.4.4. Fit as Matching 

Fit as matching relies on a principle that “…Fit is a theoretically defined match between two 

related variables… (Venkatraman 1989, p.431).”  In this model, fit is best understood when only two 

related variables, such as organizational strategy and an investigated context are involved and the 

model is not anchored with a particular criterion of Y (e.g., business performance, Venkatraman 1989).  

By using fit as matching, researchers can hypothesize that fit between organizational strategy (X) and 

an investigated context (Z) will be a significant predictor of business performance (Y, Alexander and 

Randolph 1985). 
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The analysis of fit as matching can be carried out through three different analytical schemes, 

including the deviation score analysis, residual analysis, and analysis of variance (ANOVA, Venkatraman 

1989).  The deviation score analysis, which was first applied by Alexander and Randolph (1985) as an 

operationalization of fit in strategic research, calculates the absolute difference between the 

standardized scores of the two variables of X and Z (Venkatraman 1989).  In this model, “…The 

performance implications of fit are tested by examining the impact that this variable [absolute 

difference between the standardized scores of the two variables] has on performance…” (Venkatraman 

1989, p.431).  Venkatraman (1989) pointed out three potential limitations of the deviation score 

analysis, including the potential unreliability of the fit measure, the possibility of false association with 

an external variable, and the possibility of generally weak discriminant validity.  The second analytical 

scheme is called residual analysis and was first applied by Dewar and Werbel (1979) as an 

operationalization of fit in strategic research (Venkatraman 1989).  In this analysis, residuals from the 

regression of the two variables of X and Z are used to reflect fit, which can subsequently be related to Y 

(Venkatraman 1989).  Using residual analysis is appropriate if the fit-based relationship is 

conceptualized as deviation and if the limitations of the deviation scores are not serious, but it is not 

appropriate if the fit-based relationship is conceptualized as moderation (Venkatraman 1989).  

Venkatraman (1989) pointed out four potential problem areas of the residual analysis, including the 

difficulty of selecting an appropriate baseline model to calculate the residuals, the possible 

misinterpretation of error variance of the residuals, the possible misinterpretation of the arithmetic 

sign of the residuals, and the possibility of interchanging the residual of X on Z with the residuals of Z 

on X.  The third analytical scheme is called analysis of variance (ANOVA) and was first applied by Joyce 

et al. (1982) as an operationalization of fit in strategic research (Venkatraman 1989).  The advantage of 
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this scheme over the previous two is that it can test “…Competing perspectives of fit within a common 

analytical framework…” (Venkatraman 1989, p.432).   

2.8.4.5. Fit as Covariation 

Fit as covariation relies on a principle that there is a pattern of internal consistency, e.g., a 

pattern of covariation among a set of underlying, theoretically related variables (Venkatraman 1989, 

p.435).  In this model, fit is best understood as a set of variables that require a precise explanation of 

the logical link among them; however, the model is not anchored with a particular criterion of Y e.g., 

business performance, (Venkatraman 1989).  By using fit as covariation, researchers can hypothesize 

that an organizational strategy that is best represented as covariation among the constituent 

dimensions of manufacturing, accounting, sales, and logistics among others have a positive effect on 

business performance (Venkatraman 1989). 

The analysis of fit as covariance can be carried out via structural equation modelling rather than 

via traditional regression analysis.  Regression analysis is not highly recommended for this model, 

because regression coefficients may show statistical significance but they fail to show any logical 

linkage among the dimensions.  Structural equation modelling on the other hand is capable of 

“…Explaining covariation among a set of indicators in terms of a smaller set of factors and explaining 

the covariation among the first-order factors in terms of second-order factors…” (Venkatraman 1989, 

p.436).  To develop performance implications of fit, Venkatraman (1989) suggests comparing the 

coefficients of determinants, calculating the target coefficient, and calculating the statistical 

significance of the second-order factor loadings.  
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2.8.4.6. Fit as Gestalts 

Fit as gestalts relies on a principle that internal coherence exists among a set of theoretical 

attributes and these attributes tend to form some kind of clusters or gestalts (Miller 1981, 

Venkatraman 1989).  In this model, fit is best understood as a configuration of different contingencies 

that are each having distinctive implications for organizational strategy; however, the model is not 

anchored with a particular criterion of Y (e.g., business performance, Venkatraman 1989).  By using fit 

as gestalts, researchers can hypothesize organizational strategy gestalts as a positive effect on business 

performance (Venkatraman 1989). 

The analysis of fit as gestalts can be carried out through cluster analysis and q-factor analysis 

(Cua 2000, Venkatraman 1989, Miller 1981).  Gestalts are few in number and may be very different 

from one another in terms of attributes; therefore, a systematic scheme must be developed to 

calibrate the differences in the degree of fit and to judge the descriptive validity of gestalts (Cua 2000, 

Venkatraman 1989, Miller 1981).  According to Venkatraman (1989) descriptive validity requires formal 

statistical testing, such as C-H index, the cross-validation of results, and the description of theory the 

input variable selection was based upon.  To develop performance implications of fit, Miller (1981) and 

Venkatraman (1989) suggests isolating generic successful and unsuccessful gestalts in an exploratory 

fashion. 

Cua (2000) applied fit as gestalts in her dissertation to investigate whether fit of gestalts 

(involving common practices and basic techniques of TQM, JIT, and TPM) is positively associated with 

manufacturing performance.  Olsen (2004) also used fit as gestalts analysis in his dissertation to 
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investigate whether Lean gestalts (called Lean archetypes in his study) have better operational and 

financial performance than non-Lean gestalts. 

Primary data collection and survey research mechanisms have been greatly transformed over 

the past decades with the presence of the Internet and electronic devices (Dillman et al. 2009a).  New 

and innovative ways of conducting survey research to improve survey response rates have been 

developed (Dillman et al. 2009a, Connelly et al. 2003).  The above sub-chapter introduced survey 

research mechanisms with special attention on the mode of conducting surveys as well as the methods 

used for designing questions and questionnaires from the past and present in the sequence of major 

steps involved in designing, implementing, and analyzing a quality survey.  In addition, a detailed 

description of the available methods on handling missing data and the perspectives of fit with their 

subsequent statistical testing procedures were introduced. 
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 Research Hypotheses 

The following chapter presents the research hypotheses for empirical testing.  Theoretical and 

empirical reinforcement for each hypothesis are provided to justify its inclusion in the study. 

3.1. Lean Implementation in Transportation Equipment Manufacturing 

The International Motor Vehicle Program (IMVP) was established in 1984 by the Massachusetts 

Institute of Technology (MIT) with help from the U.S. Federal Government to improve the 

competitiveness of the U.S. automotive industry by benchmarking automotive manufacturing 

worldwide (Womack et al. 1990).  In their book, “The Machine that Changed the World,” Womack et 

al. (1990) presented a new type of production system from suppliers to sales through the promotion of 

the Toyota Production System and later through the promotion of Lean principles and determinants. 

Companies, to successfully implement Lean, must go through a series of developmental steps 

during their journey.  Each step involves an expansion and more systematic integration of Lean into 

facility operations.  As the level of implementation increases, it becomes necessary to expand the 

transformation from manufacturing to other areas of the business, such as sales and marketing, new 

product development, accounting, and beyond the walls of the facility to the customers and suppliers 

relationships to ensure continuous flow.  While there are numerous different ways to describe the 

level of Lean implementation of a facility (Maskell and Baggaley 2003, Nightingale and Mize 2002, 

Womack and Jones 1996), this study uses Maskell and Baggaley’s (2003) framework – called Lean 

maturity path – to define four levels of Lean implementation.  In this ranking, the first level represents 

a traditional business management system without any Lean transformation having taken place, which 
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serves as a basis for comparison in the model.  Traditional business management systems typically are 

characterized by mechanization and automation to achieve high throughput of equal or similar 

products, a strict organization of material flow, quality control, extensive division of labor, and 

production schedules based on forecasts.  This traditional business management system is also known 

as “Mass production”, “Batch and Queue production”, or “Repetitive flow production,” among others.  

The second level of Maskell and Baggaley’s (2003) ranking framework, referred to as “developing a 

Lean framework,” represents an initial stage of the Lean journey when companies get enthusiastic 

about Lean by doing pilot projects, participate in Lean trainings and Kaizen events, start to experiment 

with current and future state value stream mapping, and investigate cellular manufacturing.  

Developing the Lean framework also involves assessing the financial benefits of Lean transformations.  

The third level, the “managing business by value streams” level, represents the expansion of Lean from 

pilot projects to the entire facility, including manufacturing, sales and marketing, new product 

development, and accounting among other business areas.  Value stream management not only 

requires changes in a company’s departmental structure, the role of people, and the business culture, 

but also requires fundamental changes by creating new measurements and financial reporting 

capabilities, such as value stream costing.  Finally, the fourth and last level represents development of 

a Lean enterprise management system, e.g., Lean being implemented throughout one’s company and 

facilities and the entire value chain of the company.  At this level, companies focus entirely on creating 

value for the customer and creating a culture where continuous improvement becomes a way of living. 

This research study defines Lean as an alignment of a set of theoretically-derived determinants.  

The co-alignment among Lean determinants is proposed in terms of five dimensions to reflect a 

successful Lean transformation in a manufacturing facility as illustrated in Table 8.  These five 
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dimensions include leadership, manufacturing, accounting and finance, supplier relationship, and 

customer relationship.  The first dimension (leadership) reflects the general domain of organization 

and management, while the remaining four dimensions (manufacturing, accounting and finance, 

supplier relationship, and customer relationship) capture important functional areas.  The five 

dimensions collectively reflect a general conceptualization of a successful Lean transformation.  The 

operationalization of Lean into a measurable format requires the development of Lean determinants 

that adequately and reliably capture the theoretical construct of interest for all five dimensions, and 

the development of the anchors for calibrating the responses for each determinant (Venkatraman 

1990). 

In this research, the leadership dimension is captured through eight Lean determinants, 

including Lean implementation planning, top management commitment, communication, training, 

employee involvement, knowledge management, employee incentives, and performance 

measurement.  The manufacturing dimension is captured by nine Lean determinants including 

production flow, production quality, changeover procedures, maintenance procedures, pull system, 

one-piece flow, work procedures, workplace organization, and employee training.  Similarly, the 

accounting and finance dimension is captured by nine Lean determinants including organization of 

administrative processes, transformation progress, budgeting, month-end closing, product costing, 

authorization process, accounts payable, accounts receivable, and inventory tracking.  The supplier 

relationship dimension is captured by three Lean determinants including supplier relationship, 

inventory management, and supplier involvement in new product development.  Finally, the customer 

relationship dimension is captured by three Lean determinants including customer relationship, 

customer demand, and customer involvement in new product development. 
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Operational performance is measured by the five categories of quality, time, delivery, capacity, 

and safety, where each of the five categories is comprised of individual measures that are used to 

compute an overall operational performance score.  The quality performance category comprises of 

seven measures including first time through, inbound quality, outbound quality, customer reject rate, 

scrap cost, rework cost, and manual adjustment due to late data recording.  Similarly, the time-based 

performance category comprises of seven measures including lead time on “long lead time” purchased 

materials, manufacturing lead time, order entry – cash in lead time, days of inventory, length of new 

product development cycle, length of closing process, and length of investment decision cycle.  The 

delivery performance category is comprised of six measures including on-time delivery, supplier 

shipment delivery on time, percentage of customers in the JIT delivery program, percentage of 

suppliers in the JIT delivery program, overdue invoices from suppliers, and overdue invoices to 

customers.  The capacity performance category comprises of four measures including OEE, reactive 

maintenance, overtime hours of production employees, and overtime hours of accounting/finance 

employees.  Finally, safety performance is measured by lost time incident.  The operational 

performance of a transportation equipment facility is calculated by adding up the numerators and 

denominators of all five measures reported above.  Measurement scales were reverse coded and 

modified if necessary.   

Financial performance measures are represented by five performance indicators, including 

productivity, return on assets, EBIT, market share, and R&D cost ratio, combined together into one 

metric. 
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Table 8:  Proposed model to investigate the relationship between Lean implementation level and performance 

 

 

 Operational performance Financial performance 

Q
u

al
it

y 
 

OMQ1 – First time through 
OMQ2 – Inbound quality 
OMQ3 – Outbound quality 
OMQ8 – Customer reject rate on shipped products 
OMQ9 – Scrap cost as a percentage of sales 
OMQ10 – Rework cost as a percentage of sales 
OMQ13 – Manual adjustments due to late recording 

FMQ1 – Productivity 
FMQ2 – Return on assets 
FMQ3 – EBIT 
FMQ4 – Market share 
FMQ5 – R&D cost ratio 

Ti
m

e-
b

as
ed

  

OMQ18 – Lead-time on "long lead time" purchased materials 
OMQ19 – Manufacturing lead-time 
OMQ20 – Order entry – Cash-in time 
OMQ21 – Average days of inventory 
OMQ22 – Average length of a new product development cycle 
OMQ23 – Average length of an investment decision cycle 
OMQ24 – Average length of financial closing 

 

D
el

iv
er

y 
 

OMQ4 – On-time delivery rate 
OMQ5 – Supplier shipments delivered on time 
OMQ11 – Customers for which the facility has implemented a JIT 
delivery program 
OMQ12 – Suppliers who provided JIT delivery to your facility 
OMQ14 – Overdue invoices from suppliers 
OMQ15 – Overdue invoices to customers 

 

C
ap

ac
it

y 
 OMQ6 – Overall Equipment Effectiveness (OEE) 

OMQ7 – Reactive maintenance rate 
OMQ16 – Monthly overtime hours for production employees 
OMQ17 – Monthly overtime hours for accounting/finance employees 

 

Sa
fe

ty
  OMQ25 – Lost time incident rate  

Leadership Manufacturing Accounting/ 
Finance 

Supplier  
relationship 

Customer 
relationship 

LQ1 – Lean 
implementation 
planning 
LQ2 – Top management 
commitment 
LQ3 – Communication 
LQ4 – Training 
LQ5 – Employee 
involvement  
LQ6 – Knowledge 
management  
LQ7 – Employee 
incentives  
LQ8 – Performance 
measurement 

MQ1 – Production flow 
MQ2 – Production 
quality 
MQ3 – Changeover 
procedures 
MQ4 – Maintenance 
procedures 
MQ5 – Pull system 
MQ6 – One-piece flow 
MQ7 – Work 
procedures 
MQ8 – Workplace 
organization 
MQ9 – Employee 
training 

AQ1 – Organization of 
administrative processes 
AQ2 – Transformation 
progress 
AQ3 – Budgeting  
AQ4 – Month-end closing 
AQ5 – Product costing 
AQ6 – Authorization 
process 
AQ7 – Accounts  payable 
AQ8 – Accounts 
receivable 
AQ9 – Inventory tracking 

SRQ1 – Supplier 
relationship 
SRQ2 – Inventory 
management 
SRQ3 – Supplier 
involvement in new 
product development 

CRQ1 – Customer 
relationship 
CRQ2 – Customer 
demand 
CRQ3 – Customer 
involvement in new 
product development 

Fit Relationship 
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Implementing Lean along the above proposed five dimensions promises substantial 

improvements in productivity, quality, on-time delivery, and cost reduction among other things 

(Emiliani et al. 2003, Maskell and Baggaley 2003, Womack and Jones 1996, Womack et al. 1990).  Since 

the 1990s, many U.S. companies have been introducing Lean in the U.S. transportation equipment 

industry; however, it has been difficult to demonstrate the financial benefits derived from Lean and 

correlating operational improvements due to Lean transformation efforts to financial performance.  In 

addition, Lean implementations have often been undertaken without rigorous consideration of the 

support areas of business, such as the supply chain, customer service, or accounting, among others.  In 

every business, those activities are needed to ensure that decisions are taken under consideration of 

all implications. Over the years, numerous industry participants and academic personnel expressed 

concerns that implementing Lean in the manufacturing area alone instead of throughout a firm’s entire 

value chain would obstruct positive outcomes of the Lean transformation.  Having traditional systems 

and mindset in place in the supporting functions of the business, e.g., having traditional accounting 

methods in place, may conflict with the objectives of Lean.   

Therefore, the first objective of this study is to evaluate a subset of the U.S. transportation 

equipment manufacturing facilities as to their operational and financial performance and investigate if 

there is a correlation between the level of Lean implementation and operational and financial 

performance.  Although, research on investigating the operational and financial outcome of Lean 

implementation exist (Harris 2012, Hofer et al. 2012, Fullerton et al. 2013, Fullerton and Wempe 2009, 

Olsen 2004), previous studies fall short on proofing that higher levels of Lean implementation 

throughout the organization correlate positively with the organization’s operational and financial 

performance.  Hence, the first and second hypotheses tested in this study are: 
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H01: The level of Lean implementation has no impact on operational performance. 

H02: The level of Lean implementation has no impact on financial performance. 

3.2. Lean Implementation in Transportation Equipment Manufacturing 

and the Role of Lean Accounting 

While employees who work on implementing Lean may have a good understanding on the 

power of Lean in identifying and eliminating waste, data provided by traditional accounting systems 

may provide unreliable information when trying to quantify the financial implications of such Lean 

implementation efforts.  Traditional accounting systems tend to advocate investment decisions that 

can be justified by directly quantifiable reductions, while they undervalue the importance of 

improvements to quality, time, delivery reliability, safety, or capacity.  To better cope with such 

problems, Lean accounting was developed.  Lean accounting supports Lean transformations by 

assessing the transformation’s financial impact in a value stream structure, enabling management to 

see whether a dollar saved at some point in the process does not trigger two dollars to be spent 

elsewhere.   

In this research, Lean accounting is captured by the same nine Lean determinants introduced in 

sub-chapter 3.1 (Table 8) including organization of administrative processes, transformation progress, 

budgeting, month-end closing, product costing, authorization process, accounts payable, accounts 

receivable, and inventory tracking, while accounting performance measures were developed using the 

frameworks of Cunningham et al. (2003) and Maskell and Baggaley (2003).  In this study, accounting 

performance is measured by manual adjustment due to late recording, overdue invoices from 

suppliers, overdue invoices to customers, monthly overtime for accounting and financial employees, 
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order entry – cash-in lead time, average length of an investment decision cycle, and average length of 

financial closing.  Accounting performance is also calculated by adding up the numerators and 

denominators of all the above listed measures. 

While there is no disagreement that Lean accounting supports Lean transformation, no 

empirical evidence exists on its impact on performance.  Therefore, the second objective of this study 

is to evaluate a subset of the U.S. transportation equipment manufacturing facilities in respect to their 

accounting, operational, and financial performance and to correlate these results with the level of Lean 

implementation in the facility’s accounting/financial area.  Thus, hypotheses three to five are: 

H03: Lean implementation in accounting has no impact on operational performance. 

H04: Lean implementation in accounting has no impact on financial performance. 

H05: Lean implementation in accounting has no impact on accounting performance. 

3.3. Contextual Effects and Lean Accounting 

Whether or not implementing Lean has a positive impact on accounting, operational, and 

financial performance, changing the traditional, mass production like system in support of other 

change initiatives in any company is a dramatic step as it requires severe structural and mindset 

changes.  Manufacturing facilities investigated in this study operate in different contexts, e.g., in 

different environmental landscape and organizational structures.  The literature recognizes the 

importance of these contextual factors and their impact on the implementation of new, state of the art 

management practices and on business performance (Cua 2000, Shah 2002, Olsen 2004).  Therefore, in 
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this study, contextual factors are represented by location, size, industry segment, and unionization as 

they may affect manufacturing performance.   

Location is one of the most common cited contextual factors in the management literature as 

facilities located in different states or headquartering in different countries may need to adapt to 

different competitive landscapes that requires to implement different strategies, management and 

accounting practices.  Furthermore, the implementation of dissimilar management and accounting 

practices may affect business performance.  Location in this study is represented by four geographical 

regions (categorized as West, Midwest, Northeast, and South; U.S. Census Bureau 2000).   

Size of a manufacturing facility may affect their organizational and communication structures, 

as well as their ability to invest in new technologies and human resources.  The size of a manufacturing 

facility tends to be represented by either the number of employees, or the annual sales revenue.  In 

this study, sales is represented by annual sales revenue (categorized as less than $2.6 million, $2.6 

million to $13.1 million, $13.2 million to $65.6 million, $65.7 million to $262.8 million, more than 

$262.8 million; U.S. Census Bureau 2007).   

Manufacturing facilities operating in different industry segments may possess different 

production diversity, product complexity, and technologies that can affect production cost and product 

quality and therefore business performance.  The effect of industry segment as a contextual factor is 

investigated among the three industry sub-segments of the transportation equipment industry 

(categorized as NAICS 3361, NAICS 3362, NAICS 3363; Statistics Canada 2007). 

Finally, being unionized (categorized as “yes” or “no”) may hinder or enhance the probability of 

success of a manufacturing facility as it may influence the managements’ effort in implementing 
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change at a workplace, e.g., the implementation of new practices and cross-training (Shah and Ward 

2007, Black and Lynch 2001). 

Prior research (Fullerton et al. 2013, Fullerton and Wempe 2009, Kennedy and Widener 2008) 

shows that only a limited number of companies made the commitment to Lean initiatives that involved 

changing their traditional accounting system to a Lean accounting system.  To investigate whether 

different contextual factors, such as industry segment, size, location, and unionization have an effect 

on the implementation of Lean principles and determinants in a facility and whether they prevent or 

encourage a facility’s leadership and management in changing the accounting system in support of its 

Lean initiatives, the sixth to ninth hypotheses of this study are: 

H06: Contextual factors have no impact on facility performance. 

H07: Contextual factors have no impact on Lean implementation-performance relationship. 

H08: Contextual factors have no impact on Lean implementation in accounting and finance. 

H09: Contextual factors have no impact on Lean implementation in accounting and finance –  

 performance relationship. 
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 Methodology 

This chapter describes the basic design of this research project by providing information on the 

sampling procedure, the survey’s content development process, and the surveying procedures used in 

data collection.  Also, definitions of key concepts covered in the survey are explained.  Finally, special 

attention is given to data preparation activities and methods of survey analysis. 

4.1. Survey Design 

Hypotheses H10 to H90 presented above are investigated by developing a mixed-mode survey 

(Dillman et al. 2009a) for a sub-segment of U.S. transportation equipment manufacturers.  The survey 

was designed by using the Tailored Design Method (TDM; Dillman et al. 2009a) to increase survey 

response rate by establishing trust, highlighting the benefits of participation, and decreasing the 

expected cost of participation (Dillman et al. 2009a).   

4.1.1. Population and Sampling 

The population of the survey consists of the companies in the motor vehicle manufacturing 

industry (NAICS 3361), motor vehicle body and trailer manufacturing industry (NAICS 3362), and the 

motor vehicle parts manufacturing industry (NAICS 3363), to which survey results are generalized.  

Based on U.S. Census Bureau data from 2007 (U.S. Census Bureau 2007b, U.S. Census Bureau 2007f, 

U.S. Census Bureau 2007g), the survey population consists of 8,336 companies.  The sample frame of 

the survey consists of a list of companies acquired from InfoGroup (InfoGroup 1972) and has been 

supplemented with a list of companies composed from various internet-based directories, such as 

WardsAuto, AmericanAutoWorker, and Manta.  Also, additional contacts were received from the 
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Heavy Duty Truck Manufacturers Association, Truck Trailer Manufacturers Association, Tennessee 

Automotive Manufacturers Association, and from the Manufacturing Extension Partnership. 

From the list above, a sample of 2,005 companies were randomly selected to represent the 

survey population.  To be able to estimate the distribution of the characteristics in the population, the 

completed sample (Ns) should consist of a minimum of 239 responses.  The completed sample size 

aimed in this study is calculated based on the following formula (Dillman et al. 2009a), 

Ns = [(Np)*(p)*(1-p)] / [(Np-1)*(B/C)2 + (p)*(1-p)]  

Ns = [(8,336)*(0.2)*(0.8)] / [(8,336-1) * (0.05/1.96)2 + (0.2)*(0.8)] = 239 

where Ns represents the size of the completed sample, Np represents the population size of 8,336, p 

represents the expected variation in responses to the Liker scale questions of interest of 20 and 80 

percent, B represents the margin of error of +/- 5 percent, and C represents the Z-score of 1.96 

associated with the statistical confidence. 

4.1.2. Question and Questionnaire Design 

The “Lean implementation in transportation equipment manufacturing” survey prepared for 

this study consists of a total of 57 questions and 82 variables.  The survey was designed to be 

completed in approximately 20 minutes.  Designing such a long survey may increase response burden 

on people sampled (Raghunathan and Grizzle 1995) and may result in a relatively low response rate 

(Dillman et al. 1993, Adams and Darwin 1982), and may decrease response quality (Herzog and 

Bachman 1981).  Survey questions were adopted from various sources, including the Lean Enterprise 

Self-Assessment (Nightingale et al. 2012, Nightingale and Mize 2002), the Diagnostic Questionnaire of 
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Accounting, Control, and Measurement (Maskell 2007, Maskell and Baggaley 2003), and other 

literature sources (Olsen 2004, Shah 2002, Cua 2000, Womack and Jones 1996).  The survey comprises 

of three sections: 1) Lean transformation efforts, 2) Performance measures, and 3) General firm 

characteristics.   

The first section, dealing with a company’s Lean transformation efforts, consists of 35 questions 

intended to collect information about participating companies’ leadership activities; manufacturing, 

administrative, and accounting processes; customer and supplier relationships.  The second section, 

the performance measures section, consists of 14 questions intended to collect information about the 

quality, time, delivery, safety, capacity, and accounting performance of participating companies.  The 

third section, the general characteristics section of the questionnaire consists of 8 questions about the 

respondent’s position, and about the size, location, and main product category of the company.  

Questions included closed-ended inquiries, both categorical (nominal and ordinal scale) and numerical 

(ratio scale); partial open-ended inquiries, such as nominal scale multiple choice questions with 

“Other” as an option; and open-ended inquiries with short answers. 

The survey, which intended to be a web-based survey, was reviewed by University and federal 

scientists, industry participants, and Lean experts in regards to clarity, comprehensiveness, and overall 

quality.  Based on the feedback received, minor changes to the questionnaire were implemented.  The 

final version of the web-based survey, along with the cover letter email and follow-up emails, were 

submitted to the Institutional Review Board (IRB) and obtained approval on January 15, 2013.  The 

web-based survey was sent out for a pre-test on February 26, 2013 by email to 200 randomly selected 

sampled facilities.  These selected individuals were invited to complete the web-based “Lean 



Methodology 153  

 

 

implementation in transportation equipment manufacturing” survey by clicking on the survey link 

listed in the email.  The survey link took these individuals to the survey that was hosted on the Virginia 

Tech server (https://virginiatech.qualtrics.com/).  Eight valid responses (three percent) were received 

as a result of the pre-test.  After the pre-test, no changes to the questionnaire were implemented; 

however, survey implementation procedures were reconsidered to receive a higher response rate and 

higher quality responses.  Receiving only eight valid responses to the pre-test indicated that using 

merely a web-based survey may not be the most appropriate mode to reach out to senior company 

managers.  Therefore, to reduce response burden and increase response rate and response quality a 

mixed-mode survey design rather than a web-based survey design was applied (Dillman et al. 2009a, 

Dillman and Parsons 2008, Dillman and Carley-Baxter 2000) by combining two different survey modes, 

e.g., Internet and mail, where both surveys are identical. 

4.1.3. Implementation Procedure 

The final version of the survey (Appendix A) was sent to all remaining individuals in the sample 

list (excluding the pre-tested respondents) on May 28, 2013.  The survey was addressed to a senior 

company manager, preferably the CEO, the plant manager, or a financial representative.  Each 

respondent received a personalized invitation letter (Appendix B) including the URL for the web-

version of the survey (www.companyperformance.org, Appendix C).  Two weeks after the invitation 

letter, thank you emails (for those who responded) and reminder cards for non-respondents (Appendix 

D and E) were sent out.  Four weeks after the initial letter, a remainder letter containing the survey 

URL was sent to non-respondents to encourage participation.  Six weeks after the initial letter a second 

round of thank you/reminder cards were sent to respondents/non-respondents.  Eight weeks after the 
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initial mailing, a last reminder letter with the survey URL were sent to non-respondents accompanied 

with a mail questionnaire and postage paid return envelope should the targeted individual prefer to 

answer by mail.  Twelve weeks after the initial mailing on August 20, 2013, the survey was closed and 

information about non-respondents was collected by phone and fax to establish non-response bias. 

4.1.4. Response Rate 

From the original sample size of 2,005 companies, 17 companies rejected to participate in the 

research and an additional 161 surveys could not be delivered due to the businesses being closed or an 

address discrepancy.  Thus, the adjusted sample size consists of 1827 companies.  During the twelve-

week-long duration of the survey, 69 valid responses were received resulting in a response rate of 3.78 

percent as presented on Figure 5.   

 

Figure 5:  Number of valid survey responses received during the survey process 
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Given the number of valid responses received (n = 69) to the study, the survey population can 

only be represented with a +/- 10 percent margin of error: 

Ns = [(8,336)*(0.2)*(0.8)] / [(8,336-1) * (0.1/1.96)2 + (0.2)*(0.8)] = 61 

4.2. Statistical Analysis 

In this study, the conceptualization of Lean is proposed in terms of five dimensions including 

leadership, manufacturing, accounting and finance, supplier relationship and customer relationship.  

The theoretical logic is that having a successful Lean transformation requires consistent attention to all 

five dimensions as there is underlying logical linkage among them.  Thus, it is proposed that co-

alignment among these five dimensions will be positively and significantly related to performance.  The 

major challenge is, however, to find the appropriate statistical model to test the hypotheses of the 

study. 

One appropriate statistical analysis is using a second generation data analysis technique called 

covariance-based structural equation modelling (SEM; Jöreskog and Sörbom 1993, Jöreskog 1967).  

SEM enables modelling the relationship among multiple independent and dependent variables 

simultaneously as it provides a combined analysis of a structural model (e.g., the assumed 

interconnection among a set of dependent and independent variables) and a measurement model 

(e.g., loadings or observed variables on their expected latent variables (Jöreskog and Sörbom 1993, 

Jöreskog 1967).  To perform SEM, however, requires meeting with numerous assumptions of 

specifying, fitting, testing, and interpreting the model, which provides numerous points for the process 

may fail, e.g., “… the existing theory may not be sufficiently precise to suggest compelling causal 

models; in the process of model specification and identification compromises may be made that vitiate 
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the assumptions of the original theory; observed data may be of insufficient quality or quantity to 

sustain the model fitting process; and the use of parameter estimates based on sample data rather 

than individual data may misrepresent the causal processes which are occurring in populations, and the 

results of the analysis may be compromised by design limitations and shortcomings in model fitting 

processes…(Fergusson 2006, p.885).”  The main liability of this approach in regards to this study arises 

from the fact that the available data are limited in both quantity (e.g., a total of 69 valid responses) and 

quality (e.g., a total of 7 percent missing values).  Nunnally (1978) suggested that performing SEM 

would require working with at least 10 times as many responses as variables with such limited data can 

essentially hurt the credibility of research conclusions, while Boomsma (1982) suggested that the 

adequate response rate to perform SEM can be calculated based on the following formula, 

n ≥ 50r2 – 450r + 1100 

where r is the ratio of indicators to underlying variables.  Therefore, for r = 5, at least 100 responses 

would be adequate to perform the analysis.  To avoid weakening the credibility of research 

conclusions, an alternative method of analysis was explored. 

The second appropriate statistical analysis is using a first generation statistical method, such as 

multiple regressions to analyze hypotheses of this study, as multiple regressions supports smaller 

sample sizes by requiring a minimum of 30 valid responses (Gefen et al. 2000).  Covariance based SEM 

and multiple regression overlap in many ways, including analysis objectives, distribution assumptions, 

and correlational linearity assumptions among others; however, one major drawback of multiple 

regression over SEM is that it can only analyze one layer of linkages between independent and 

dependent variables at a time (Gefen et al. 2000, Venkatraman 1989).  However, if the researcher 
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examines data in a thorough and critical manner and possible counter-interactions are explored in 

depth, multiple regression may provide similar outcomes than SEM (Gefen et al. 2000, Brown et al. 

1991).  Therefore, multiple regressions are selected to test the hypotheses of this study.  To achieve 

similar outcomes as from SEM with multiple regression, the analysis starts by examining how items 

load on the study dimensions to ensure that the measurement items form strong unities and represent 

good measurement properties of the study (via Principal Component Analysis and Cronbach’s alpha; 

see sub-chapter 4.2.1).  Then, a separate examination of the hypothesized paths is carried out by 

testing these factor loadings independently (Gefen et al. 2000). 

The third appropriate statistical analysis is called a profile deviation analysis (Cua 2000, Doty et 

al. 1993, Venkatraman 1990, Venkatraman 1989).  Conducting a profile deviation analysis requires 

defining how an ideal transportation equipment manufacturing facility practices Lean along its multiple 

business dimensions.  Once this ideal Lean facility profile is defined, each respondent’s degree of 

deviation from the ideal profile is measured.  The degree of deviation from the ideal profile is 

calculated by using a weighted Euclidean distance formula of 

𝐸𝑘 = √∑(𝑋𝑗𝑖 − 𝑋𝑗𝑘

𝑛

𝑗=1

)2 ∗ 𝑊𝑗 

where Ek represents the Euclidean distance between the ideal profile and respondent k; Xji represents 

the normalized mean score for the ideal profile for variable j; Xjk represents the normalized score of 

respondent k’s on variable j, Wj represents the weight for variable j.  Calculating the weighted 

Euclidean distance establishes a profile deviation score for each respondent.  The higher the profile 
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deviation score is, the farther the responding facility is from an ideal Lean facility.  Then, the calculated 

profile deviation scores are regressed onto operational, financial, and accounting performance. 

4.3. Data Preparation for Statistical Analysis 

Responses received to the e-mail survey were stored and organized in the Qualtrics system 

(Qualtrics 2002), while responses received to the mail survey were typed into a Microsoft Excel 2010 

(Microsoft 2010) datasheet.  Once the survey was closed on August 20, 2013, both e-mail and mail 

survey responses were transferred into a Microsoft Excel 2010 (Microsoft 2010) dataset for data 

preparation and further analysis.  Data preparation included fixing the direction of reverse-coded 

variables, conducting multiple imputations to handle missing data, and assessing scale reliability and 

construct validity of the survey instrument. 

4.3.1. Multiple Imputation 

Sixty-nine valid responses were received during this study; however, not all survey questions 

were answered by all 69 respondents.  To calculate the number of missing values in the dataset, for 

each variable, the data was converted to “0” if the value was missing and “1” otherwise.  As a result, 

372 missing values were found in the dataset, which accounts for approximately 8 percent of the total 

values in the dataset.  Also, an average respondent missed a little more than five values, while 13 of 

the 69 respondents had no missing values.  Therefore, responses (n=8) with more than 20 percent 

missing values were eliminated from further analysis.   

For the remaining 61 valid responses, multiple imputations were used to deal with incomplete 

data (Rubin 1978, Schafer and Graham 2002).  Further investigation of missing values revealed that the 
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vast majority of the questions that had missing values were related to operational and financial 

performance, which raises the question of whether these missing values are related to the overall 

performance of responding companies.  Conducting multiple imputations in SAS 9.3. (SAS Institute Inc. 

2011) requires the data to be missing at random (MAR), which means that whether or not a value is 

missing depends on the observed values throughout the dataset, but not on the unobserved value 

itself.  If missing values were highly related to company performance (e.g., lower performing 

companies had more missing values than higher performing ones), then it would have become 

questionable whether the data is MAR.  Therefore, for the sake of this study, it is initially assumed that 

company performance has no effect on the amount of missing values. 

 Once the number of missing values was calculated, the pattern of missing values was 

examined.  Specifically, it was determined if the pattern of the missing data was monotone or 

arbitrary. A monotone missing pattern means that if an observation (e.g., a survey response) has a 

missing value at a particular variable, then all subsequent variables also have missing values (Ault 

2012).  In other words, if the variables can be rearranged in a different order than as they originally 

appeared, the pattern is called to be monotone, but if such an arrangement is not possible, the pattern 

is called to be arbitrary (Ault 2012).  In regards to the dataset used in this study, the data reflected 

arbitrary missing values. 

Since the variables with missing values were ordinal in nature (e.g., they have a specific 

ordering but not necessarily on a continuous level) and there was no monotone-missing pattern, the 

multiple imputation was conducted by using the variables without missing values as predictors for each 

missing value variable in the model.  Therefore, questions representing functional areas of the 
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business, such as leadership, manufacturing, administrative support, supplier and customer 

relationship were added together to produce composite scores and were used as predictors.  In 

addition, some of the contextual variables, such as location, and company position were also used as 

predictors. 

The multiple imputation code, enlisted in Appendix F, followed a “PROC MI” procedure (Ault 

2012) using the above described predictors.  The first missing value variable imputed was the item 

called “Inbound quality (items coming in without any problem),” referred to as OMQ2 in the multiple 

imputation SAS code.  The next missing value variable was imputed using the original predictors plus 

the previously imputed variable (OMQ2), and then each subsequent missing value variable was 

imputed with the predictors being the originals plus all of the previously imputed variables. 

4.3.2. Independent Variables 

The “Lean implementation in transportation equipment manufacturing” survey developed in 

this study aims to obtain reliable and valid measures for Lean implementation as each measurement 

item was generated based on a thorough review of relevant empirical and conceptual literature.  By 

measuring scale reliability (using Cronbach’s alpha) and construct validity (using Principle Component 

Analysis, PCA), a decision can be made whether a particular survey item should be retained in further 

analysis. 

4.3.2.1. Scale Reliability 

In the “Lean implementation in transportation equipment manufacturing” survey conducted in 

this study, the observed variables consist of Lean implementation scores measured on the four level 

scale introduced in the Hypotheses chapter, which may or may not be a good measure of the 
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underlying determinants of leadership, manufacturing, accounting and finance, and supplier and 

customer relationships.   

Therefore, the reliability of responses to the scale needs to be determined.  In this study, scale 

reliability is measured in terms of the consistency of the scores obtained on the observed variables 

using Cronbach’s alpha (Cronbach 1951) in SAS 9.3. (SAS Institute Inc. 2011).  The SAS code used to 

perform this analysis is enlisted in Appendix G.  An estimate of internal consistency is best represented 

by a reliability coefficient (α) of 0.80 to 0.90 (Clark and Watson 1995, DeVellis 1991); however, 

researchers often consider 0.70 (Nunnally 1978) an acceptable reliability coefficient (α).  Since 

Cronbach’s alpha tends to underestimate the internal consistency of responses to scales with a few 

items (Lehman et al. 2005), for the sake of this test the measurement items of supplier relationship 

and customer relationship are grouped together.  Results from assessing scale reliability are listed in 

Table 9.  Since no missing values for independent variables have been identified, results for all five 

imputation cycles were identical and are therefore presented collectively for both, scale reliability and 

construct validity tests. 

Table 9:  Cronbach's Alpha Reliability Estimates for the Study's Independent Variables 

Functional Areas Original (Entire Set) 
Cronbach’s alpha 

Adjusted (Entire Set) 
Cronbach’s alpha 

Actions taken 

Leadership 0.7923 0.7923 None 

Manufacturing 0.8430 0.8430 None 

Accounting and Finance 0.6230 0.7159 
AQ3, AQ5, AQ6, and AQ8 
removed 

Supplier Relationship and 
Customer Relationship combined 

0.5899 0.6802 SRQ2 and CRQ2 removed 

Estimates of internal consistency as measured by Cronbach’s alpha all exceeded α = 0.70 for the 

leadership (α = 0.79 for the entire set) and manufacturing (α = 0.84 for the entire set) dimensions, but 
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did not exceeded α = 0.70 for the accounting and finance (α = 0.62 for the entire set) and customer and 

supplier relationship (α = 0.58 for the entire set) dimensions.  Reliability of responses can be improved 

by dropping redundant items from the set (Lehman et al. 2005).  Redundant items are the items that 

possess greater individual α-values than the α-values of the entire set (Lehman et al. 2005).  

Consequently, to improve scale reliability, the four items of “budgeting (AQ3),” “product costing 

(AQ5),” “authorization process (AQ6),” and “accounts receivable (AQ8)” representing determinants of 

the accounting and finance dimensions and the two items of “inventory management (SRQ2)” and 

“customer demand (CRQ2)” representing determinants of the supplier and customer relationship 

dimensions are suggested to be removed from the set.  Removing these four variables would increase 

the reliability estimates of the accounting and finance dimension from α = 0.62 to 0.71 and the 

reliability estimates of the supplier and customer relationship dimensions from α = 0.58 to 0.68 (Table 

9).  However, before dropping the above mentioned four items permanently, it may be advisable to 

perform a principal component analysis on the responses of all independent variables to determine 

which items tend to group together empirically (Lehman et al. 2005). 

4.3.2.2. Variance Reduction Using Principal Component Analysis 

To investigate whether redundancy among Lean determinants representing the leadership, 

manufacturing, accounting and finance, and supplier and customer relationships dimensions exist, a 

principal component analysis (PCA) using SAS 9.3. (SAS Institute Inc. 2011) was performed.  The SAS 

code used to perform this analysis is enlisted in Appendix H.  PCA in this study was conducted for each 

of the four dimensions, rather than simultaneously across multiple dimensions given the small number 

(n=61) of observations in this study (Shah 2002).  Responses to all four dimension categories were 

subject to a PCA analysis using the “eigenvalue > 1” criterion to determine the number of components 
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to retain (Lehman et al. 2005).  The principal axis method was used to extract the components, 

followed by a varimax (orthogonal) rotation (Lehman et al. 2005).  From the leadership dimension, the 

first three determinants displayed eigenvalues greater than one, and the results of a scree-test also 

suggested that the first three determinants were meaningful; therefore, those three determinants 

were retained for rotation (Lehman et al. 2005).  Combined, determinants one, two, and three 

accounted for 74 percent of the total variance.  In interpreting the rotated factor pattern, an item was 

said to load on a given determinant if the factor loading was 0.40 or greater for that determinant, and 

was less than 0.40 for the other (Lehman et al. 2005).  Using these criteria, the two items of 

“knowledge management (LQ6)” and “performance measurement (LQ8)” were found to be loaded on 

multiple determinants and got excluded from the model.  Then, the analysis was repeated by keeping 

only the first two determinants for varimax rotation that represented 67 percent of the total variance.  

Results show that from the remaining six items, three-three items were loading on both, the first and 

second determinants as well. 

Using the same procedure and criteria for the manufacturing dimension, it was revealed that 

determinants one and two accounted for 57 percent of the total variance and were therefore retained 

for the rotation.  Results showed that the item called “maintenance procedures (MQ4)” had 

meaningful loading on both determinants and got deleted from the interpretation.  Then the process 

was repeated again resulting in finding four items to be loaded on the first determinant and four items 

on the second determinant.   

In regards to the accounting and finance dimension, the first two determinants were selected 

to be retained for the rotation.  These two determinants accounted for 48 percent of the total variance 
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in the accounting and finance dimension.  The item called “organization of administrative processes 

(AQ1)” was found to have meaningful loading on both determinants and therefore being deleted from 

the interpretation.  When repeating the analysis, five items were loaded on the first determinant, 

while three items were on the second determinant but no additional items showed meaningful loading 

on multiple determinants.  Consequently, the original nine items representing the accounting and 

finance dimension have been reduced to eight items. 

Lastly, the supplier and customer relationship dimensions were analyzed as one dimension due 

to the low number of items representing each individual dimensions.  Three determinants displayed 

eigenvalues greater than one and got therefore retained for rotation.  Combined, these two 

determinants accounted for 71 percent of the total variance.  The item called “customer involvement 

in new product development (CRQ3)” was found to have meaningful loading on multiple determinants 

and therefore got deleted from the interpretation.  When repeating the process, only the first two 

determinants, representing 60 percent of the total variance, were kept for the varimax rotation.  The 

five remaining items did not show multiple loadings on any determinant; therefore, they were all kept 

for further analysis. 

4.3.3. Dependent Variables 

In this study, performance of a manufacturing facility is conceptualized as operational 

performance and financial performance as it is demonstrated in the Hypotheses chapter in Table 8.  

Operational performance measures were developed using the frameworks of Cua (2000), Shah (2002), 

Olsen (2004), and the Industry Week’s best plant benchmarking database (Industry Week 2011). 
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4.3.3.1. Scale Reliability 

Since dependent variables of this study are measured on a performance scale, the reliability of 

responses to the scale needs to be determined for dependent variables as well.  Scale reliability is 

measured using Cronbach’s alpha following the same procedure and criteria as for independent 

variables.  However, as missing values for dependent variables exist, multiply imputed data is used as a 

base for the analysis.  Since multiple imputations generates slightly different datasets in each 

imputation cycle, results from assessing scale reliability for all five imputation cycles (MI cycles one to 

five) are enlisted in Table 10.  The SAS code used to perform the scale reliability test is enlisted in 

Appendix G. 

Table 10:  Cronbach's Alpha Reliability Estimates for the Study's Dependent Variables for All Five Imputation Cycles 

Functional Areas Original (Entire Set) 
Cronbach’s alpha 

Adjusted (Entire Set) 
Cronbach’s alpha 

Actions taken 

Operational performance 
- MI cycle 1 
- MI cycle 2 
- MI cycle 3 
- MI cycle 4 
- MI cycle 5 

 
0.6597 
0.6490 
0.6853 
0.6570 
0.6303 

 
0.7890 
0.7848 
0.7919 
0.7844 
0.7802 

OMQ7, OMQ10, OMQ11, 
OMQ12 removed 

Accounting performance 
- MI cycle 1 
- MI cycle 2 
- MI cycle 3 
- MI cycle 4 
- MI cycle 5 

 
0.7034 
0.7429 
0.7592 
0.7757 
0.6847 

 
0.7034 
0.7429 
0.7592 
0.7757 
0.6847 

None 

Financial performance 
- MI cycle 1 
- MI cycle 2 
- MI cycle 3 
- MI cycle 4 
- MI cycle 5 

 
0.7743 
0.8343 
0.8187 
0.8055 
0.8149 

 
0.7743 
0.8343 
0.8187 
0.8055 
0.8149 

None 

Estimates of internal consistency as measured by Cronbach’s alpha exceeded α = 0.70 for the 

accounting performance (α = 0.70, 0.74, 0.75, 0.77, 0.68 respectively for the entire set) and financial 

performance (α = 0.77, 0.83, 0.81, 0.80, 0.81 respectively for the entire set) dimensions, but did not 
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exceeded α = 0.70 for the operational performance (α = 0.65, 0.64, 0.68, 0.65, 0.63 for the entire set) 

dimension.  Since the reliability of responses can be improved by dropping redundant items from the 

set (Lehman et al. 2005), the four items of “reactive maintenance (OMQ7),” “rework cost as a 

percentage of sales (OMQ10),” “customers for which the facility has implemented a JIT delivery 

program (OMQ11),” and “suppliers who provided JIT delivery to your facility (OMQ12)” representing 

determinants of the operational performance are suggested to be removed from the set.  Removing 

these four variables would increase the reliability estimates of the operational performance dimension 

from α = 0.65, 0.64, 0.68, 0.65, 0.63 for the entire set to 0.78, 0.78, 0.79, 0.78, 0.78 respectively (Table 

10).  However, before dropping the above mentioned two items permanently, a principal component 

analysis on the responses of all dependent variables are performed as well to determine which items 

tend to group together empirically (Lehman et al. 2005). 

4.3.3.2. Variance Reduction Using Principal Component Analysis 

To investigate whether redundancy among items representing operational, financial, and 

accounting performance exist, a principal component analysis (PCA) using SAS 9.3. (SAS Institute Inc. 

2011) was performed.  Conducting PCA on a multiple imputed dataset, however, raises some concerns 

as having five imputed datasets generate five separate varimax-rotated solutions that must be 

analyzed and combined.  Simply averaging these varimax-rotated solutions, however, may provide 

incorrect results if 1) the order of the components is not the same for all imputed datasets, 2) the signs 

of loading is reversed in any of the imputed datasets compared to the other imputed datasets, 3) the 

average solution is computed across solutions that have more variation among each other than 

necessary (van Ginkel 2014).  Although, a more appropriate and state-of-the-art analysis, called 

generalized procrustes analysis (GPA; van Ginkel 2014), for combining PCA outcomes for multiple 
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imputed datasets exist, as of today, this option is not included in the SAS 9.3 software.  Therefore, the 

average varimax-rotated solutions are used to analyze PCA outcomes for the five imputation cycles of 

this study.  The SAS code used to perform this analysis is enlisted in Appendix H.   

Since operational performance is measured by the five categories of quality, time, delivery, 

capacity, and safety, PCA was conducted for each of these categories individually, rather than 

simultaneously across operational performance measures in general given the small number (n=61) of 

observations in this study (Shah 2002).  Responses to all five operational performance categories were 

subject to a PCA analysis using the “eigenvalue > 1” criterion to determine the number of components 

to retain (Lehman et al. 2005).  The principal axis method was used to extract the components, 

followed by a varimax (orthogonal) rotation (Lehman et al. 2005).  From the quality performance 

measures, the first three determinants displayed eigenvalues greater than one, and the results of a 

scree-test also suggested that the first three determinants were meaningful; therefore, those three 

determinants were retained for rotation in all imputation cycles (Lehman et al. 2005).  The first three 

determinants combined accounted for 67 percent of the total variance.  In interpreting the rotated 

factor pattern, an item was said to load on a given determinant if the factor loading was 0.40 or 

greater for that determinant, and was less than 0.40 for the other (Lehman et al. 2005).  In four out of 

the five imputation cycles, the item called “scrap cost as a percentage of sales (OMQ9)” was found to 

be loading on multiple determinants, while in three out of the five imputation cycles the item called 

“rework cost as a percentage of sales (OMQ10)” was found not to be loaded on any determinants; 

therefore, they got removed from the model.  When repeating the analysis, it was revealed that in one 

out of the five imputation cycles the item called “customer reject rate on shipped products (OMQ8)” 

was not loading on any dimension.  Further investigation of the item OMQ8 revealed that the variance 
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among responses to that item was very low; therefore, the item also got removed from further 

analysis.  Since the item called “manual adjustments due to late recording (OMQ13)” remained the 

only item loading on the second dimension, it also got removed from further analysis.  Using the same 

procedure and criteria for the time-based performance measures, it was revealed that determinants 

one and two accounted for 51 percent of the total variance and were therefore retained tor the 

rotation.  Results showed that the item called “manufacturing lead time (OMQ19)” had meaningful 

loading on both determinants and got deleted from the interpretation.  All remaining items 

representing time-based performance measures are kept for further analysis.  In regards to delivery 

performance measures, the first three determinants were selected to be retained for the rotation.  

These three determinants accounted for 81 percent of the total variance in the delivery performance 

dimension.  Since two items were found to be loaded on each of the three determinants, no items 

representing the delivery performance dimension were found to be redundant and got excluded from 

the model.  In regards to capacity performance measures, the first two determinants were selected to 

be retained for the rotation.  These two determinants accounted for 72 percent of the total variance in 

the delivery performance dimension.  Since the item called “overall equipment effectiveness (OMQ6)” 

did not load on any determinants in any of the five imputation cycles, it got removed from the model.  

Consequently, the item called “reactive maintenance rate (OMQ7)” was the only remaining item 

loading on the second determinant; therefore, it had been removed from the model.  Lastly, no PCA on 

the safety dimensions was conducted as it possessed only one determinant.  

PCA was also conducted for financial performance measures.  Results showed that only the first 

determinant displayed eigenvalues greater than one and the results of a scree-test also suggested that 

only the first determinant was meaningful.  Although, all five financial performance measures loaded 
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on the same determinant in all five imputation cycles, the item called “R&D cost ratio (FMQ5)” had 

very low loading scores compared to the other four items; therefore, it had been removed from the 

interpretation.  

The outcomes of the PCA for the accounting performance dimension showed notable 

differences among different imputation cycles.  In all imputation cycles, the first two determinants 

were meaningful and retained for the varimax rotation.  In imputation cycles one, two and three the 

item called “monthly overtime hours for accounting/finance employees (OMQ17)” loaded on both 

determinants, while in imputation cycle four the item called “order entry – Cash-in lead time 

(OMQ20)”  did not load on any determinant.  Further investigation of the item OMQ20 showed that its 

loading values tend to be very low for all imputation cycles; therefore, the item have been removed 

from further interpretation.   

4.3.4. Reduced Model 

Independent variables in this study were originally aligned to the five dimensions of leadership, 

manufacturing, accounting and finance, supplier relationship, and customer relationship to collectively 

measure the level of Lean implementation in transportation equipment manufacturing facilities for the 

year of 2012.  Each of these dimensions was represented by three to nine measurement items, 

resulting in a total of 32 measurement items.  These 32 items along four dimensions (supplier 

relationship and customer relationship dimensions were combined due to the low number of 

measurement items) were then tested for reliability using Cronbach’s alpha and construct validity 

using PCA.  As a result, 5 (LQ6, LQ8, MQ4, AQ1, CRQ3) out of the 32 items were dropped from the 

original model due to high factor-loadings on more than one component.  As the number of items 
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representing Lean implementation along the five dimensions got reduced from 32 to 27 items, the 

number of dimensions also had to be adjusted by combining the supplier relationship dimension and 

the customer relationship dimension into one final dimension, called supplier and customer 

relationship dimension, as displayed in Table 11.  

Three dependent variables, including operational performance, financial performance, and 

accounting performance formed the basis of this study.  Operational performance was originally 

aligned to the five measurement dimensions of quality (OMQ_P1), time (OMQ_P2), delivery 

(OMQ_P3), capacity (OMQ_P4), and safety (OMQ_P5).  Each of these five dimensions was then 

represented by one to seven measurement items, resulting in a total of 25 measurement items.  

Financial performance was originally represented by 5 measurement items along one single dimension, 

while accounting performance was originally represented by 7 measurement items representing one 

dimension.  All three dependent variable categories were then individually tested for reliability using 

Cronbach’s alpha and construct validity using PCA.  As a result, 2 items (OMQ9, OMQ19) out of the 25 

items representing operational performance were dropped from the original model due to high factor-

loadings on more than one component, 3 items (OMQ6, OMQ8, OMQ10) were dropped because they 

did not load on any dimension, while an additional 2 items (OMQ7, OMQ13) were dropped due to 

being the only loading on an investigated component.  One item (FMQ5) representing financial 

performance was dropped from the model due to its low loading values.  One (OMQ17) out of the 

seven items representing accounting performance were dropped from the original model due to high 

factor-loadings on more than one component, while another item (OMQ20) was dropped because it 

was not loading on any dimension.  Consequently, the number of items representing operational 

performance along the five dimensions got reduced from 25 to 18 items, while the number of items 
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representing financial performance was reduced from 5 to 4 items as represented in Table 11.  Finally, 

the number of items representing accounting performance got reduced from 7 to 5. 
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Table 11:  Reduced model to investigate the relationship between Lean implementation level and performance 

 

 

 Operational performance Accounting performance Financial performance 

Q
u

al
it

y 
 

OMQ1 – First time through 
OMQ2 – Inbound quality 
OMQ3 – Outbound quality 

OMQ13 – Manual adjustments due to late 
recording 
OMQ14 – Overdue invoices from suppliers 
OMQ15 – Overdue invoices to customers 
OMQ23 – Average length of an investment 
decision cycle 
OMQ24 – Average length of financial 
closing 

FMQ1 – Productivity 
FMQ2 – Return on assets 
FMQ3 – EBIT 
FMQ4 – Market share 

Ti
m

e-
b

as
ed

  

OMQ18 – Lead-time on "long lead time" 
purchased materials 
OMQ20 – Order entry – Cash-in time 
OMQ21 – Average days of inventory 
OMQ22 – Average length of a new product 
development cycle 
OMQ23 – Average length of an investment 
decision cycle 
OMQ24 – Average length of financial 
closing 

  

D
el

iv
er

y 
 

OMQ4 – On-time delivery rate 
OMQ5 – Supplier shipments delivered on 
time 
OMQ11 – Customers for which the facility 
has implemented a JIT delivery program 
OMQ12 – Suppliers who provided JIT 
delivery to your facility 
OMQ14 – Overdue invoices from suppliers 
OMQ15 – Overdue invoices to customers 

  

C
ap

ac
it

y 
 OMQ16 – Monthly overtime hours for 

production employees 
OMQ17 – Monthly overtime hours for 
accounting/finance employees 

  

Sa
fe

ty
  OMQ25 – Lost time incident rate   

Leadership Manufacturing Accounting/ 
Finance 

Supplier and Customer 
relationship 

LQ1 – Lean implementation 
planning 
LQ2 – Top management 
commitment 
LQ3 – Communication 
LQ4 – Training 
LQ5 – Employee involvement  
LQ7 – Employee incentives  
 

MQ1 – Production flow 
MQ2 – Production quality 
MQ3 – Changeover procedures 
MQ5 – Pull system 
MQ6 – One-piece flow 
MQ7 – Work procedures 
MQ8 – Workplace organization 
MQ9 – Employee training 

AQ2 – Transformation progress 
AQ3 – Budgeting  
AQ4 – Month-end closing 
AQ5 – Product costing 
AQ6 – Authorization process 
AQ7 – Accounts  payable 
AQ8 – Accounts receivable 
AQ9 – Inventory tracking 

SRQ1 – Supplier relationship 
SRQ2 – Inventory management 
SRQ3 – Supplier involvement in 
new product development 
CRQ1 – Customer relationship 
CRQ2 – Customer demand 
CRQ3 – Customer involvement 
in new product development 

Fit Relationship 
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4.4. Multiple Regression Assumption Testing 

Before pursuing further with the regression analysis, it is necessary to make sure that 

assumptions for the multiple regression models are met.  Assumption testing was performed using SAS 

9.3 (SAS Institute Inc. 2011) for each multiply imputed dataset.  The SAS codes used to perform the 

analysis are enlisted in Appendix I.  To examine whether error terms are independent, plots of residual 

values versus dependent variable values of Y and independent variable values of X were examined.  

Since residuals are randomly scattered around the reference line of 0 and no patterns appear in the 

residual plot, the model does not violate either the assumption of constant variance or of 

independence of the error terms. 

To verify normality of the residuals, distribution analysis using normal quantile plots and 

Shapiro-Wilk tests (Shapiro and Wilk 1965) were performed for each imputation cycle.  Results of the 

Shapiro-Wilk tests along with the distribution analysis using normal quantile plots revealed that the 

random error terms of the model for the dependent variables of operational, financial, and accounting 

performance do not follow a normal distribution.  A Box-Cox method (Box and Cox 1964, Box and Cox 

1982) was used to identify the appropriate transformation for each of the dependent variables based 

on a set of independent variables (e.g., leadership, manufacturing, accounting and finance, and 

supplier and customer relationship).  Results of the Box-Cox analysis revealed that the recommended 

transformation for each three dependent variables are the square-transformation as data tend to be 

skewed to the left and the Lambda values tend to be larger than 1.75 for all dependent variable in each 

imputation cycle (Ngo 2012).  Once the square-transformation was completed, the Shapiro-Wilk tests 

was run again and results showed that in general the random error terms of all three models tend to 



Methodology 174  

 

 

follow a normal distribution.  Individual p-values of the Shapiro-Wilk tests before and after the square-

transformation for all three dependent variables for each imputation cycles are enlisted in Table 12.   

Table 12:  Results of the Shapiro-Wilk test before and after the square-transformation of all dependent variables for each 
imputation cycles. 

 Shapiro-Wilk test (p-values) for 

Operational Performance 

Shapiro-Wilk test for (p-values) 

Financial Performance 

Shapiro-Wilk test (p-values)  for 

Accounting Performance 

 Before  
the Square-

transformation 

After  
the Square-

transformation 

Before  
the Square-

transformation 

After  
the Square-

transformation 

Before  
the Square-

transformation 

After  
the Square-

transformation 

IM Cycle 1 0.0061 0.1344 0.0004 0.0341 0.0026 0.1424 

IM Cycle 2 0.0090 0.1189 0.0006 0.0866 0.0170 0.2118 

IM Cycle 3 0.0051 0.0772 0.0004 0.0738 0.0015 0.1912 

IM Cycle 4 0.0300 0.3171 0.0002 0.0506 0.0242 0.1799 

IM Cycle 5 0.0347 0.3464 0.0002 0.0533 0.0076 0.2368 

Besides verifying assumptions, the data is also examined to detect potential outliers that fall 

away from the overall pattern of the remaining data by examining the Studentized residuals (calculated 

by dividing the residual values by their standard error) of the model.  No Studentized residuals with the 

absolute value of 3.0 were identified.  Studentized residuals with the absolute values of 2.0 to 3.0 were 

further examined but no outliers got detected or deleted from the model. 

4.5. Non-Response Bias 

After closing the survey on August 20, 2013, 30 randomly selected non-respondents from the 

adjusted mailing list were contacted by phone and fax to obtain answers to five survey questions 

including geographical region (categorized as West, Midwest, Northeast, South, Great-Lake, and 

Souteast regions; U.S. Census Bureau 2000), main product (categorized as NAICS 3361, NAICS 3362, 

NAICS 3363; Statistics Canada 2007), annual sales revenue (categorized as less than $2.6 million, $2.6 

million to $13.1 million, $13.2 million to $65.6 million. $65.7 million to $262.8 million, more than 

$262.8 million; Census Bureau 2007o), whether or not they have ever started a Lean journey 
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(categorized as yes and no), and the type of communication respondents have in their facility 

(categorized as 1) communication is largely top-down and limited, 2) basic communication procedures 

to openly and timely inform work-teams are in place but they are not uniform, 3) communication 

between management and employees is timely and information can be pulled as required in the 

facility, and 4) two-way and open communication exists throughout the extended value chain).  

Responses from these phone and fax surveys were used to test for non-response bias (Malhotra 1996, 

Armstrong and Overton 1977).  Verbal and fax responses to these questions were recorded and 

entered into the database.   

Since five data points were missing in regards to two response categories (e.g., main product 

and annual sales revenue categories) from the original 69 responses received to the survey, the 30 

responses extracted from non-respondents for the five questions were analyzed using nominal logistic 

regression on the multiply-imputed data in SAS 9.3. (SAS Institute Inc. 2011) at  = 0.05.  The SAS code 

and for non-response bias analysis is enlisted in Appendix J.  No statistically significant differences 

between respondents and non-respondents were found in any of the five investigated response 

categories for any of the five multiple imputation cycles (MI cycles).  Individual p-values for MI cycles 

one to five ranged from p = 0.4698, 0.4893, 0.4836, 0.4678, 0.4716 for geographical region, p = 0.3959, 

0.3239, 0.3682, 0.3939, 0.3970 for main product, p = 0.2699, 0.2428, 0.2812, 0.2558, 0.2769 for annual 

sales revenue, p = 0.1103, 0.1436, 0.1128, 0.1140, 0.1084 for communication, and to p = 0.3510, 

0.3149, 0.3472, 0.3446, 0.3574 for whether or not they have ever started a Lean journey. 
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4.6. Limitations of the Study 

Generalizing the results of a survey to the population of interest is based on the assumption 

that survey respondents provide a representative sample of the population; however, all sample 

surveys are exposed to some kind of survey errors.   

All estimates produced by the “Lean implementation in transportation equipment 

manufacturing” survey are somewhat subject to sampling errors.  Sampling error in this study reflects 

the natural variability in the estimates that occur because data are only collected from a subset of the 

population.  To cope with the low response rate of the survey, results will be generalized with a 10 

percent margin of error.   

The study may have been exposed to some coverage error.  Considering the limited number of 

valid responses received to the survey, using a mixed mode design (combination of an internet and 

mail surveys) may not have been the most appropriate mode of reaching top management personnel 

of transportation equipment manufacturers.   

Non-response bias occurs if respondents and non-respondents differ from each other on the 

variables that are of interest to the study, e.g., geographical region, main product, annual sales 

revenue, type of communication, and whether or not the facility has ever started a Lean journey.  

Although, the response rate to this study was low, no evidence of non-response bias was detected.  

Therefore, non-respondents in this study can be considered a random subset of the full survey sample 

with respect to the variables being measured. 
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The estimates may also be subject to measurement error, as data on Lean implementation and 

performance were obtained using assessments by senior managers.  External verification could not be 

achieved in regards to this study due to the single business unit level focus of this study, where 

corresponding secondary (e.g., published) data are not directly available.  However, previous studies 

have established that managerial assessments correspond closely to internally obtained objective 

performance indicators (Dess and Robinson 1984) and externally obtained secondary data 

(Venkatraman and Ramanujam 1987).  Thus, the expectation is that the data are free from serious 

measurement error. 
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 Results 

In the previous chapter, different approaches and their associated statistical methods for 

testing hypotheses were collected from which multiple regression and profile deviation analysis were 

selected.  This chapter presents the results of the multiple regression and profile deviation analysis 

used to test the hypotheses of this study using data from 61 transportation equipment manufacturers. 

5.1. Lean Implementation’s Impact on Manufacturing Performance 

The first objective of this study is to evaluate a segment of the U.S. transportation equipment 

manufacturing facilities as to their operational and financial performance and to investigate if there is a 

relationship between the level of Lean implementation and operational and financial performance.  To 

evaluate the relationship between the level of Lean implementation of a facility and its operational and 

financial performance, an understanding of the levels of Lean implementation in responding facilities 

has to be obtained. 

5.1.1. Level of Lean Implementation in Transportation Equipment Manufacturing 

In this study, the level of Lean implementation of a transportation equipment manufacturing 

facility is measured on a four point scale, where 1 represents a traditional, mass production like 

management system, 2 represents the beginning of a transformation by developing a Lean framework, 

3 represents a more advanced stage of a transformation by managing facility processes through value 

streams, and 4 represents a Lean enterprise like management system.   
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Figure 6:  Level of Lean implementation in transportation equipment facilities in 2012 

Results of this study (Figure 6) show that, on average, 22 percent of all respondents employed a 

traditional business management leadership philosophy, 34 percent of the respondents indicated that 

they started to experiment with a Lean leadership philosophy, 27 percent reported that they were 

enhancing their leadership philosophy by managing by value streams, while 17 percent reported to 

lead their facilities using a Lean enterprise leadership philosophy.  Based on the results shown in Figure 

6, the level of Lean implementation tends to be higher in the manufacturing area of the participating 

transportation equipment facilities, than in any other business areas.  In regards to the manufacturing 

area, on average, 18 percent of the responding transportation equipment facilities possess traditional 

manufacturing operations, 35 percent started to experiment with Lean pilot projects, 35 percent 

advanced their Lean implementation into managing the shop-floor by value streams, while 12 percent 

reported to integrate Lean into manufacturing operations as an enterprise management system.  

Despite the relatively high level of Lean implementation in manufacturing, very few transportation 

equipment manufacturers reported to extend their Lean implementation to the administrative, 

accounting and financial areas of their businesses.  Results show that, on average, 45 percent of the 
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respondents organize their administrative processes by functional departments and use traditional 

accounting systems to manage the administrative side of their businesses, 27 percent reported to 

experiment with Lean pilot projects in administration, accounting, and finance, 16 percent reported to 

align the administrative side of their businesses to value streams, while 12 percent reported to align 

their administrative, accounting, and financial processes to value streams throughout the extended 

value chain.  The investigation of the supplier and customer relationship dimension resulted in 29 

percent reporting to manage that dimension based on a business mentality of not keeping close 

relationships with any suppliers and customers of the facility, 36 percent reported to experiment with 

Lean by introducing the concept to their suppliers and customers, 25 percent reported to develop 

mutually beneficial partnerships with their suppliers and customers throughout the Lean value stream, 

while 10 percent reported to integrate their suppliers and customers into their daily operations as part 

of their Lean enterprise management system. 

5.1.2. Lean Implementation and Performance Relationship 

Two different statistical analysis, multiple regression analysis and profile deviation analysis, 

were used parallel to investigate whether the higher level of Lean implementation along the four 

business dimensions of leadership, manufacturing, accounting and finance, and supplier and customer 

relationship together are correlated to better operational and financial performance in transportation 

equipment manufacturing facilities for the year of 2012. 

To conduct a multiple regression analysis, a scale score of 1 to 4 was assigned to each question 

item measuring the facility’s level of Lean implementation in the four business dimensions, as 

demonstrated in Table 11 in the Methodology chapter.  Then a final Lean implementation score 
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representing the integration of Lean into facility operations was derived from the sum of the scale 

scores of each dimension’s representative question items.  The indicators used to measure operational 

and financial performance were also introduced in the Methodology chapter (Table 11) and will not be 

explained here again.  Based on the responses provided to each performance related question, a scale 

score of 1 to 5 was established for each question variables, where one represented the worst 

performance and five the best performance.  These individual scale scores were then summed up to 

calculate each facilities’ overall operational and financial performance scores, which were then used as 

a base for conducting correlation and regression analysis.  Since the final dataset (n = 61) used to 

perform the analysis contained missing values, a multiple imputation procedure was run to handle the 

incomplete data.  Dependent variables with missing values (e.g., operational performance and financial 

performance) were imputed using logistic regression.  A total of five imputation cycles were run in the 

model resulting in five different multiple imputed datasets.  The PROC REG procedure was then used in 

SAS 9.3 to perform a multiple regression analysis on each of the five multiply imputed datasets (code 

for the analysis is shown in Appendix K).  To pool and report results from the five generated multiple 

regression models, the PROC MIANALYZE procedure was used in SAS 9.3. 

To conduct a profile deviation analysis, a scale score of 1 to 4 was assigned to each question 

item that measures the facility’s level of Lean implementation in the four business dimensions of 

leadership, manufacturing, accounting and finance, and supplier and customer relationship, while a 

scale score of 1 to 5 was established for each performance variables.  In this study, the ideal Lean 

facility profile is represented by the scale score of 4, which corresponds to the highest level of Lean 

implementation in all four business dimensions, while an ideal Lean facility performance profile is 

represented by the scale score of 5, which corresponds to best facility performance.  The Euclidean 
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distance from the ideal Lean facility profile as well as from the ideal Lean performance profile was then 

calculated for all five imputations using the normalized mean scores of variables, which were then 

weighted by their degrees of contribution to the fit relationship (e.g., the leadership dimension is 

represented by six underlying variables resulting in an assigned weight of 1/6 = 0.167).  Once the 

Euclidean distance is calculated, the fit relationship investigates whether higher deviations from an 

ideal Lean facility profile results in higher deviations from an ideal Lean performance profile using a 

multiple regression analysis for all five imputations.  The SAS 9.3 codes used to perform the analysis 

are enlisted in Appendix L. 

5.1.2.1. Level of Lean Implementation and Operational Performance 

The multiple regression analysis conducted to regress the dependent variable, operational 

performance, on the predictor variables of Lean implementation levels in the four business dimensions 

of leadership, manufacturing, accounting and finance, and supplier and customer relationship did not 

show enough evidence to reject the null hypotheses for H1 stating that “the level of Lean 

implementation has no impact on operational performance.”  Results of the multiple regression 

analysis, as displayed in Table 13, indicated that the level of Lean implementation in leadership (p = 

0.9549), manufacturing (p = 0.1751), accounting and finance (p = 0.3100), and supplier and customer 

relationship (p = 0.6466) has no statistically significant influence on operational performance at α = 

0.05 as measured by the performance metrics enlisted in Table 11 in the Methodology chapter.  The 

“relative increase in variance” value enlisted in Table 13 shows the increase of variance due to having 

missing data imputed compared to a condition where no data are missing, while the “fraction of 

missing information” index indicates how much more precise the parameter estimate would have been 

if there have been no missing data.  The relative efficiency presented in Table 13 shows the power of 
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the test for the five imputations, which in this analysis is larger than 0.99 for each independent 

variables, indicating a robust imputation model. 

Table 13:  Results of multiple regression analysis on the dependent variable, operational performance, on all of the predictor 
variables in the data set 

 

Model Information 

Data Set REGRESSION_OP_PERF 

Number of Imputations 5 

 

Variance Information 

Parameter Variance DF Relative 
Increase 

in Variance 

Fraction 
Missing 

Information 

Relative 
Efficiency 

Between Within Total 

leadership 55.7418 2475.8224 2542.7126 5780 0.0270 0.0266 0.9947 

manufacturing 18.2370 1785.5432 1807.4276 27284 0.0122 0.0121 0.9975 

accounting 17.0189 2850.7739 2871.1967 79060 0.0071 0.0071 0.9985 

sup_and_cust_rel 115.0373 3866.9826 4005.0275 3366.9 0.0356 0.0350 0.9930 

 

Parameter Estimates 

Parameter Estimate Std Error 95% Confidence  
Limits 

DF Minimum Maximum Theta0 t for H0: 
Parameter=Theta0 

Pr > |t| 

Leadership -2.8537 50.4253 -101.706 95.9987 5780 -9.3803 8.4856 0 -0.06 0.9549 

Manufacturing 57.6522 42.5138 -25.677 140.9816 27284 53.3835 64.7910 0 1.36 0.1751 

Accounting 54.3968 53.5835 -50.627 159.4203 79060 49.7748 60.6530 0 1.02 0.3100 

sup_and_cust_rel -29.0146 63.2852 -153.096 95.0668 3366.9 -46.3696 -19.6614 0 -0.46 0.6466 

Results of the profile deviation analysis were consistent with the results of the multiple 

regression analysis above showing no statistically significant relationship between the level of Lean 

implementation (as measured by the deviations from an ideal Lean facility profile in four business 

dimensions) and operational performance (as measured by the deviations from an ideal Lean 

operational performance profile).  Profile deviation analysis results, as displayed in Table 14, indicated 

that the deviations from an ideal Lean facility profile in leadership (p = 0.9724), manufacturing (p = 

0.2281), accounting and finance (p = 0.5395), and supplier and customer relationship (p = 0.7322) has 



Results 188  

 

 

no statistically significant influence on the deviations from an ideal Lean operational performance 

profile at α = 0.05.  Consequently, there is not enough evidence to reject the null hypotheses for H1 

stating that “the level of Lean implementation has no impact on operational performance.”  The 

relative increase in variance enlisted in Table 14 due to using multiple imputation to handle missing 

values is 2.95 for the leadership dimension, 2.12 percent for the manufacturing dimension, 1.44 

percent for the accounting dimension, and somewhat larger, 7.27 percent, for the supplier and 

customer relationship dimension, while the relative efficiencies of 0.98 and 0.99 for all dimensions 

indicate a reliable and robust imputation model.   

Table 14:  Results of the regression analysis between the deviations from an ideal Lean facility profile and the deviations from 
an ideal Lean operational performance profile 

Model Information 

Data Set PDA_REG_OP_PERF 

Number of Imputations 5 

 

Variance Information 

Parameter Variance DF Relative 
Increase 

in Variance 

Fraction 
Missing 

Information 

Relative 
Efficiency 

Between Within Total 

w_leadership 0.0004 0.0185 0.0191 4851.5 0.0295 0.0291 0.9942 

w_manufacturing 0.0003 0.0216 0.0220 9208 0.0212 0.0210 0.9958 

w_accounting 0.0001 0.0023 0.0023 19830 0.0144 0.0143 0.9971 

w_sup_and_cust_rel 0.0013 0.0222 0.0239 870.83 0.0727 0.0699 0.9862 

 

Parameter Estimates 

Parameter Estimate Std Error 95% Confidence  
Limits 

DF Minimum Maximum Theta0 t for H0: 
Parameter=Theta0 

Pr > |t| 

w_leadership 0.0047 0.1383 -0.2664 0.2759 4851.5 -0.0219 0.0332 0 0.03 0.9724 

w_manufacturing 0.1790 0.1485 -0.1121 0.4702 9208 0.1610 0.2121 0 1.21 0.2281 

w_accounting 0.0297 0.0485 -0.0653 0.1248 19830 0.0233 0.0368 0 0.61 0.5395 

w_sup_and_cust_rel -0.0529 0.1546 -0.3564 0.2505 870.83 -0.1142 -0.0240 0 -0.34 0.7322 
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Since the dependent variable of operational performance in this study was examined through 

different groups of performance measures, including quality, time, delivery, capacity, and safety 

related measures, the relationship between the level of Lean implementation in the four business 

dimensions and these individual performance groups were also examined.  Results of the multiple 

regression analysis performed to investigate those relationships are displayed in Table 15.  Results 

revealed that no statistically significant relationship could be obtained between the level of Lean 

implementation in any of the four business dimension and these individual performance groups.  

Although, the overall model performed on quality-related performance was not statistically significant 

(e.g., overall p-values of quality-related performance for the five imputation cycles were listed as p = 

0.1786, 0.0653, 0.1854, 0.0976, and 0.1601 respectively), it was revealed that the level of Lean 

implementation in the manufacturing dimension has a statistically significant (p = 0.0214, Table 15) 

positive effect on quality-related performance.   

Table 15:  Results of multiple regression analysis on the dependent variables of time-, delivery-, capacity-, and safety-related 
performance on all of the predictor variables in the data set 

Parameter Quality-Related 
Performance 

P-values 

Time-Related 
Performance 

P-values 

Delivery-Related 
Performance 

P-values 

Capacity-Related 
Performance 

P-values 

Safety-Related 
Performance 

P-values 

Leadership 0.8951 0.9729 0.7283 0.3202 0.9332 

manufacturing 0.0214 0.7786 0.0932 0.7675 0.1968 

Accounting 0.2299 0.1262 0.5110 0.5680 0.8148 

sup_and_cust_rel 0.5652 0.6260 0.4233 0.4351 0.8245 

 Profile deviation analysis was also run to further investigate the fit relationship between the 

level of Lean implementation (as measured by the deviations from an ideal Lean facility profile in four 

business dimensions) and quality, time, delivery, capacity, and safety related performance (as 

measured by the deviations from an ideal Lean performance profiles).  Results of the profile deviation 
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analysis, as displayed in Table 16, were consistent with the results of the multiple regression analysis 

above showing no statistically significant relationship between the deviations from an ideal Lean 

facility profile in four business dimensions and the deviations from an ideal Lean quality, time, delivery, 

capacity, and safety related performance profiles.  However, results of the profile deviation analysis 

also highlighted that the lower the deviation from the ideal Lean facility profile in manufacturing is, the 

lower the deviation from the ideal Lean quality performance tends to be (p = 0.0371, Table 16). 

Table 16:  Results of the regression analysis between the deviations from an ideal Lean facility profile and the deviations from 
an ideal time, delivery, capacity, and safety related performance profile  

Parameter Quality-Related 
Performance 

P-values 

Time-Related 
Performance 

P-values 

Delivery-Related 
Performance 

P-values 

Capacity-Related 
Performance 

P-values 

Safety-Related 
Performance 

P-values 

w_leadership 0.6333 0.9321 0.7180 0.2366 0.7796 

w_manufacturing 0.0371 0.7659 0.2119 0.7538 0.9520 

w_accounting 0.1068 0.3151 0.8654 0.5100 0.4539 

w_sup_and_cust_rel 0.5214 0.4419 0.3035 0.5387 0.1481 

5.1.2.2.   Level of Lean Implementation and Financial Performance 

The multiple regression analysis conducted to regress the dependent variable, financial 

performance, on the predictor variables of Lean implementation levels in the four business dimensions 

of leadership, manufacturing, accounting and finance, and supplier and customer relationship did not 

show enough evidence to reject the null hypotheses for H2 stating that “the level of Lean 

implementation has no impact on financial performance.”  Results of the multiple regression analysis, 

as displayed in Table 17, indicated that the level of Lean implementation in leadership (p = 0.9332), 

manufacturing (p = 0.1968), accounting and finance (p = 0.8148), and supplier and customer 

relationship (p = 0.8245) has no statistically significant influence on financial performance at α = 0.05 

as measured by productivity, return on assets, EBIT, and market share.  Although, the overall results of 
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the multiple regression analysis did not show any statistically significant relationship between the Level 

of Lean implementation and financial performance, conclusions must be drawn with careful 

considerations, as the relative efficiency (0.94 for leadership, 0.93 for manufacturing, 0.93 for 

accounting and finance, and 0.96 for supplier and customer relationship), and therefore the power of 

the regression model, for the five imputations tend to be weaker than in the previous models due to 

the higher percentage of missing values in financial performance variables.  Moreover, for the 

accounting and manufacturing dimensions, Table 17 displays 48 and 43 percent relative increase in 

variance respectively due to having missing data imputed compared to a condition where no data are 

missing. 

Table 17:  Results of the analysis run to regress the dependent variable, financial performance, on all of the predictor 
variables in the data set 

Model Information 

Data Set REGRESSION FIN_PERF 

Number of Imputations 5 

 

Variance Information 

Parameter Variance DF Relative 
Increase 

in Variance 

Fraction 
Missing 

Information 

Relative 
Efficiency 

Between Within Total 

leadership 5.7146 17.6704 24.5280 51.173 0.3880 0.3061 0.9422 

manufacturing 4.6352 12.7437 18.3060 43.326 0.4364 0.3339 0.9374 

accounting 8.2043 20.3465 30.1917 37.617 0.4838 0.3592 0.9329 

sup_and_cust_rel 4.5216 27.5994 33.0253 148.19 0.1965 0.1753 0.9661 

 

Parameter Estimates 

Parameter Estimate Std Error 95% Confidence  
Limits 

DF Minimum Maximum Theta0 t for H0: 
Parameter=Theta0 

Pr > |t| 

Leadership 0.4172 4.9525 -9.5247 10.3591 51.173 -1.9900 3.567399 0 0.08 0.9332 

manufacturing 5.6091 4.2785 -3.0175 14.2358 43.326 3.9213 9.110199 0 1.31 0.1968 

Accounting -1.2957 5.4947 -12.4230 9.8313 37.617 -4.7264 3.182813 0 -0.24 0.8148 

sup_and_cust_rel 1.2768 5.7467 -10.0794 12.6330 148.19 -1.9035 3.610363 0 0.22 0.8245 
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The profile deviation analysis performed to investigate the relationship between the level of 

Lean implementation (measured by the deviations from an ideal Lean facility profile in the four 

business dimensions) and financial performance (measured by the deviations from an ideal Lean 

financial performance profile) also did not provide enough evidence to reject the null hypotheses for 

H2 stating that “the level of Lean implementation has no impact on financial performance.”  Findings of 

the profile deviation analysis, as summarized in Table 18, revealed that the deviations from an ideal 

Lean facility profile in the four business dimensions of leadership (p = 0.8586), manufacturing (p = 

0.0907), accounting and finance (p = 0.5187), and supplier and customer relationship (p = 0.9999) has 

no statistically significant influence on the deviations from an ideal financial performance profile at α = 

0.05.  Although, the overall profile deviation model did not reveal any significant relationship between 

Lean implementation and financial performance, the effect of manufacturing was found to be 

significant in three out of the five imputation cycles (p = 0.0033, p = 0.0864, p = 0.1152, p = 0.0422, and 

p = 0.0807 respectively).  Conclusions about this relationship, however, must also be drawn with 

careful considerations since the relative increase in variance, respectively due to having missing data 

imputed compared to a condition where no data are missing, in regards to the manufacturing 

dimension is approximately 43 percent and the relative efficiency is listed as 0.93 which is considerably 

lower than in all of the other models.     
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Table 18:  Results of the regression analysis between the deviations from an ideal Lean facility profile and the deviations from 
an ideal Lean financial performance profile 

Model Information 

Data Set PDA_REG_FIN_PERF 

Number of Imputations 5 

 

Variance Information 

Parameter Variance DF Relative 
Increase 

in Variance 

Fraction 
Missing 

Information 

Relative 
Efficiency 

Between Within Total 

w_leadership 0.0156 0.0688 0.0876 87.102 0.2727 0.2317 0.9557 

w_manufacturing 0.0275 0.0800 0.1130 46.93 0.4123 0.3203 0.9397 

w_accounting 0.0021 0.0085 0.0111 76.849 0.2955 0.2474 0.9528 

w_sup_and_cust_rel 0.0047 0.0825 0.0883 946.53 0.0695 0.0669 0.9867 

 

Parameter Estimates 

Parameter Estimate Std Error 95% Confidence  
Limits 

DF Minimum Maximum Theta0 t for H0: 
Parameter=Theta0 

Pr > |t| 

w_leadership 0.0529 0.2960 -0.5354 0.6413 87.102 -0.0580 0.2363 0 0.18 0.8586 

w_manufacturing 0.5808 0.3362 -0.0957 1.2573 46.93 0.4301 0.8519 0 1.73 0.0907 

w_accounting -0.0684 0.1055 -0.2785 0.1417 76.849 -0.1292 -0.0007 0 -0.65 0.5187 

w_sup_and_cust_rel 0.0001 0.2972 -0.5832 0.5833 946.53 -0.1068 0.0772 0 0.00 0.9999 

Overall, analyzing the data using multiple regressions versus profile deviation analysis resulted 

in very similar results. 

5.2. Performance Impact of Lean Accounting 

To keep up with today’s highly competitive business environment, accounting and finance 

employees are under pressure to deliver a growing array of filings, reports, and critical information to 

meet business demands for faster turnaround and lower costs.  As facilities change their production 

systems from mass to Lean production, alternative approaches to traditional accounting and financial 

systems, such as Lean accounting are also considered to be implemented.   
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5.2.1. Level of Lean Implementation in Transportation Equipment Manufacturing 

Facilities’ Accounting and Finance Dimension 

In Chapter 5.1.1., Figure 6 already showed that the level of Lean implementation tend to be the 

least frequent in the accounting and finance dimension.  To get a better understanding about this 

finding, responses to individual question variables of the accounting and finance dimension are further 

examined in Figure 7. 

 

Figure 7: Level of Lean implementation in accounting and finance of transportation equipment manufacturers in 2012 

At first, study participants were asked how accounting and financial personnel evaluate the 

facility’s manufacturing program (AQ2).  Fifty-one percent of the respondents reported that their 

evaluation is based on cost reductions and efficiency, 23 percent reported that their Lean 

transformation progress is reviewed against predetermined success criteria for some continuous 

improvement projects, 20 percent reported that they have a formal process in place to analyze Lean 

transformation progress for all continuous improvement projects, and 7 percent reported that their 
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Lean transformation progress is judged by the aggregate benefits rather than individual or localized 

improvements. 

In every budget review, accounting and financial employees spend a large amount of time 

preparing applications, rewriting reports, and reworking exceptions, and aligning documentations to 

division and corporate standards.  When respondents were asked about their accounting budgeting 

process (AQ3), 36 percent of the respondents reported that in their facility every department submits 

its budget which is then consolidated across the operation and rolled up to the division and corporate 

levels, 25 percent reported that their facility re-casted its chart of accounts and submits annual 

budgets from functional departments to value streams, 15 percent stated that their value stream 

budgets are results of the monthly operational planning of each value stream, while 25 percent stated 

that in their facility budgeting is eliminated and investment decisions are made based on consolidated 

monthly operational planning. 

One of the big challenges employees deal with when implementing Lean in the accounting and 

finance dimension is the transformation of product costing (AQ4).  In fact, a vast majority (70 percent) 

of the respondents reported to calculate the standard costs for each item and report the variances 

against actual values, while 25 percent reported to calculate standard and value-stream costs parallel 

to help decision making.  Only 3 percent of the respondents went beyond that step by replacing 

standard costing with value stream costing, and only 2 percent (e.g., 1 respondent) reported to apply 

value stream costing throughout the extended value chain. 

In many facilities, accounting and financial employee’s returning monster is month-end closing 

(AQ5) as necessary data are often not executed with adequate consistency and frequency to be readily 
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observed.  When respondents were asked about their month-end closing process, 41 percent reported 

to prepare a full package of month-end reports for corporate accounting, 28 percent reported to 

pursue a simplified month-end closing by using standardized charts of accounts and cost centers, 18 

percent stated that in their facility month-end closing requires only short preparation time and reviews 

are brief and conducted only for important issues, while 13 percent stated that no month end closing is 

necessary in their facility as their financial statements are continuously updated and can be pulled at 

any time. 

In numerous facilities, conducting activities, events, and transactions require validation and 

permissions, which can considerably slow down both administrative and manufacturing processes.  

When respondents were asked about authorization processes (AQ6), 30 percent reported that in their 

facility multiple approvals and sign-offs are required from multiple managers to authorize transactions, 

33 percent reported to reduce the number of approvals and sign-offs and strengthen budgetary 

accountability of departmental managers, 23 percent reported to minimize the number of approvals 

and sign-offs and push down the authority of spending money is in the organization, while 15 percent 

stated that multiple approvals and sign-offs are eliminated in their facility and value stream managers 

are responsible to authorize transactions. 

Another crucial part of the Lean implementation in accounting is the transformation of the 

accounts payable (AQ7) and accounts receivable (AQ8) processes.  In regards to accounts payable 

(AQ7), 52 percent of the 61 respondents reported that all materials received in their facility are 

documented with a purchase order, receiver, and an invoice, 31 percent reported to use accounts 

payable credit cards for small purchases and develop master purchase agreements with selected 
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supplier(s) as a pilot project.  An additional 11 percent of the respondents reported that in their facility, 

payment authorization based on receivers and invoices is initiated at the point of receiving and 

purchase orders are eliminated due to master purchase agreements for all key suppliers.  Only 2 

percent (one respondent) reported that their accounts payable processes are completely electronic 

using pick and pay systems.  In regards to accounts receivable (AQ8), 36 percent reported that invoices 

are mailed to customers after each product shipment by the accounts receivable department, 41 

percent indicated that master sales orders are used from our key customers and invoicing happens 

directly from shipping, 13 percent stated that invoicing needs are reduced by encouraging key 

customers to pay when products are received, while 10 percent indicated that their customers 

automatically wire payments to our bank accounts based on usage of products. 

Inventory tracking (AQ9) is another pressing issue in the accounting and finance world; 

therefore, respondents were asked about their way of handling this task.  A total of 51 percent of the 

respondents reported conducting a full physical inventory annually and making adjustments in the 

books accordingly.  Twenty-eight percent of the respondents reported to replace their annual physical 

inventory with cycle counting to reduce errors, 16 percent reported to use cycle counting while 

introducing Kanban based inventory control throughout the value stream, and 5 percent reported to 

step forward by eliminating cycle count in favor of visual inventory control via Kanban system. 

5.2.2. Lean Accounting and Performance 

The second objective of this study focuses on Lean implementation in accounting and finance 

and the examination on its effect on manufacturing performance.  At first, following the procedure 

described in Chapter 5.1.2, single and multiple linear regression analysis was performed to investigate 
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whether the level of Lean implementation in accounting and finance effects operational, financial, and 

accounting performance of a transportation equipment manufacturer.  The SAS 9.3 code used to 

perform the analysis is enlisted in Appendix K.  Then, following the procedure described in Chapter 

5.1.2, profile deviation analysis was performed to investigate whether higher deviation from an ideal 

Lean accounting profile correlates to higher deviation from an ideal Lean performance.  The SAS 9.3 

code used to perform the analysis is enlisted in Appendix L. 

5.2.2.1. Lean Accounting and Operational Performance 

In Chapter 5.1.2.1, when multiple regression analysis was conducted to regress the dependent 

variable, operational performance, on the predictor variable of Lean implementation levels in four 

business dimensions including accounting and finance, the relationship between operational 

performance and the level of Lean implementation in accounting and finance was not found to be 

significant (p = 0.3100, Table 13).  Therefore, in this chapter, a single linear regression analysis was 

performed to regress the dependent variable, operational performance, on the single predictor 

variable of Lean implementation in the accounting and finance dimension.  Results of the single linear 

regression analysis, as displayed in Table 19, revealed the higher level of Lean implementation in the 

accounting and finance dimension has a positive effect on operational performance (p = 0.0351) at α = 

0.05, thereby, providing enough evidence to reject the null hypotheses for H3 of this study stating 

“Lean implementation in accounting has no impact on operational performance.”  The relative 

efficiency of 0.99 and relative increase in variance due to missing values of 0.3 percent displayed in 

Table 19 indicated a strong imputation model. 
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Table 19:  Results of the analysis run to regress operational performance on the accounting and finance dimension 

Model Information 

Data Set REGRESSION2_OP_PERF 

Number of Imputations 5 

 

Variance Information 

Parameter Variance DF Relative 
Increase 

in Variance 

Fraction 
Missing 

Information 

Relative 
Efficiency 

Between Within Total 

accounting 4.3673 1369.0833 1374.3241 275069 0.0038 0.0038 0.9992 

 

Parameter Estimates 

Parameter Estimate Std Error 95% Confidence Limits DF Minimum Maximum Theta0 t for H0: 
Parameter=Theta0 

Pr > |t| 

Accounting 78.1161 37.0718 5.4562 150.7760 275069 74.5844 79.8386 0 2.11 0.0351 

In Chapter 5.1.2.1, when profile deviation analysis was conducted to regress the dependent 

variable, operational performance (as measured by the deviations from an ideal Lean operational 

performance profile), on the level of Lean implementation (as measured by the deviations from an 

ideal Lean facility profile in four business dimensions including accounting and finance), the 

relationship between the deviation from an ideal Lean operational performance profile and the 

deviation from an ideal Lean facility profile in accounting and finance was not found to be significant (p 

= 0.5395, Table 14).  In this chapter, when the deviation from an ideal Lean facility profile in accounting 

and finance was regressed as a single predictor variable on the deviation from an ideal Lean 

operational performance profile, the findings were consistent with the aforementioned ones, 

indicating no statistically significant effect between the deviation from an ideal Lean operational 

performance profile and the deviation from an ideal Lean accounting profile (p = 0.0938, Table 20) at α 

= 0.05.  Therefore, the results displayed in Table 20 confirmed that there is not enough evidence to 

reject the null hypotheses for H3 stating “Lean implementation in accounting has no impact on 
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operational performance.”  The relative efficiency of 0.99 and relative increase in variance due to 

missing values of 4.83 percent displayed in Table 20 indicated a stable imputation model. 

Table 20:  Results of the regression analysis between the deviations from an ideal Lean facility profile for accounting and 
finance and the deviations from an ideal Lean operational performance profile 

Model Information 

Data Set PDA_REG2_OP_PERF 

Number of Imputations 5 

 

Variance Information 

Parameter Variance DF Relative 
Increase 

in Variance 

Fraction 
Missing 

Information 

Relative 
Efficiency 

Between Within Total 

w_accounting 0.0001 0.0010 0.0010 14970 0.0166 0.0164 0.9967 

 

Parameter Estimates 

Parameter Estimate Std Error 95% Confidence Limits DF Minimum Maximum Theta0 t for H0: 
Parameter=Theta0 

Pr > |t| 

w_accounting 0.0544 0.0325 -0.0092 0.1181 14970 0.0483 0.0578 0 1.68 0.0938 

Since the dependent variable of operational performance in this study was examined through 

different groups of performance measures, including quality, time, delivery, capacity, and safety 

related measures, the relationship between the level of Lean implementation in the accounting and 

finance dimension and these individual performance groups were also examined.  Results of single 

linear regression analysis performed to investigate those relationships are displayed in Table 21.  

Results revealed that no statistically significant relationship could be obtained between the level of 

Lean implementation in the accounting and finance dimension and quality, capacity, and safety related 

performance.  However, a statistically significant relationship was found between the level of Lean 

implementation in the accounting and finance dimension and time-related performance (p = 0.0389, 

Table 21) as measured by lead-time on "long lead time" purchased materials, order entry – cash-in 

time, average days of inventory, average length of a new product development cycle, average length of 
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an investment decision cycle, and average length of financial closing.  Furthermore, a statistically 

significant relationship was found between the level of Lean implementation in the accounting and 

finance dimension and delivery-related performance (p = 0.0023, Table 21) as measured by on-time 

delivery rate, supplier shipments delivered on time, customers for which the facility has implemented a 

JIT delivery program, suppliers who provided JIT delivery to your facility, overdue invoices from 

suppliers, and overdue invoices to customers. 

Table 21:  Results of the single linear regression analysis performed on the level of Lean implementation in accounting and 
finance on time, delivery, capacity, and safety related performance 

Parameter Quality-Related 
Performance 

P-values 

Time-Related 
Performance 

P-values 

Delivery-Related 
Performance 

P-values 

Capacity-Related 
Performance 

P-values 

Safety-Related 
Performance 

P-values 

accounting 0.7604 0.0389 0.0023 0.4429 0.5149 

Profile deviation analysis was also run to further investigate the fit relationship between the 

level of Lean implementation in the accounting and finance dimension (as measured by the deviations 

from an ideal Lean accounting profile) and quality, time, delivery, capacity, and safety related 

performance (as measured by the deviations from those ideal Lean performance profiles).  Results of 

the profile deviation analysis, as displayed in Table 22, results showed that no statistically significant 

relationship could be obtained between the deviation from an ideal Lean accounting profile and the 

deviation from an ideal operational performance profile as represented by quality, time, capacity, and 

safety related performance.  However, a statistically significant relationship was found between the 

deviation from an ideal Lean accounting profile and the deviation from an ideal Lean delivery-related 

performance (p = 0.0140, Table 22) as measured by on-time delivery rate, supplier shipments delivered 

on time, customers for which the facility has implemented a JIT delivery program, suppliers who 

provided JIT delivery to your facility, overdue invoices from suppliers, and overdue invoices to 

customers.   
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Table 22:  Results of the single linear regression analysis performed on the level of Lean implementation in accounting and 
finance on time, delivery, capacity, and safety related performance 

Parameter Quality-Related 
Performance 

P-values 

Time-Related 
Performance 

P-values 

Delivery-Related 
Performance 

P-values 

Capacity-Related 
Performance 

P-values 

Safety-Related 
Performance 

P-values 

w_accounting 0.4651 0.2362 0.0140 0.4148 0.8104 

5.2.2.2. Lean Accounting and Financial Performance 

In Chapter 5.1.2.2, when multiple regression analysis was conducted to regress the dependent 

variable, financial performance, on the predictor variable of Lean implementation levels in four 

business dimensions including accounting and finance, the relationship between financial performance 

and the level of Lean implementation in the accounting and finance dimension was not found to be 

significant (p = 0.8148, Table 17).  Therefore, in this chapter, a single linear regression analysis was 

performed to regress the dependent variable, financial performance, on the single predictor variable of 

Lean implementation in the accounting and finance dimension.  Results of the single linear regression 

analysis, as displayed in Table 23, supported the above findings that the higher level of Lean 

implementation in the accounting and finance dimension does not have a statistically significant effect 

on financial performance (p = 0.3190, Table 23) as measured by productivity, return on assets, EBIT, 

and market share, at α = 0.05.  Therefore, there is not enough evidence to reject the null hypotheses 

for H4 stating “Lean implementation in accounting has no impact on financial performance.”  The 

relative efficiency of 0.96 and the relative increase in variance due to missing values of 17.31 percent 

displayed in Table 23, however, indicated a weak imputation model.  
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Table 23:  Results of the analysis run to regress financial performance on the accounting and finance dimension 

Model Information 

Data Set REGRESSION2_FIN_PERF 

Number of Imputations 5 

 

Variance Information 

Parameter Variance DF Relative 
Increase 

in Variance 

Fraction 
Missing 

Information 

Relative 
Efficiency 

Between Within Total 

accounting 1.4522 10.0657 11.8084 183.65 0.1731 0.1567 0.9696 

 

Parameter Estimates 

Parameter Estimate Std Error 95% Confidence Limits DF Minimum Maximum Theta0 t for H0: 
Parameter=Theta0 

Pr > |t| 

Accounting 3.4337 3.4363 -3.3460 10.2135 183.65 1.7847 4.4594 0 1.00 0.3190 

In Chapter 5.1.2.2, when profile deviation analysis was conducted to regress the dependent 

variable, financial performance (as represented by the deviation from an ideal Lean financial 

performance profile), on the predictor variable of Lean implementation levels in four business 

dimensions (as represented by the deviation from an ideal Lean facility profile in four business 

dimensions including accounting and finance), the relationship between the deviation from an ideal 

Lean financial performance profile and the deviation from an ideal Lean accounting profile was not 

found to be significant (p = 0.5395, Table 18).  In this chapter, when the deviation from an ideal Lean 

accounting profile was regressed as a single predictor variable on the deviation from an ideal Lean 

financial performance profile, the findings were consistent with the aforementioned ones showing no 

statistically significant relationship (p = 0.4433, Table 24) at α = 0.05.  Therefore, the results displayed 

in Table 24 confirmed that there is not enough evidence to reject the null hypotheses for H4 stating 

“Lean implementation in accounting has no impact on financial performance.”  The relative efficiency 
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of 0.97 and relative increase in variance due to missing values of 11.95 percent displayed in Table 24 

indicated a somewhat fragile imputation model. 

Table 24:  Results of the regression analysis between the deviations from an ideal Lean facility profile in accounting and 
finance and the deviations from an ideal Lean financial performance profile 

Model Information 

Data Set PDA_REG2_FIN_PERF 

Number of Imputations 5 

 

Variance Information 

Parameter Variance DF Relative 
Increase 

in Variance 

Fraction 
Missing 

Information 

Relative 
Efficiency 

Between Within Total 

w_accounting 0.0004 0.0041 0.0046 350.79 0.1195 0.1118 0.9781 

 

Parameter Estimates 

Parameter Estimate Std Error 95% Confidence Limits DF Minimum Maximum Theta0 t for H0: 
Parameter=Theta0 

Pr > |t| 

w_accounting 0.0520 0.0678 -0.0814 0.1855 350.79 0.0237 0.0760 0 0.77 0.4433 

 

5.2.2.3. Lean Accounting and Accounting Performance 

First, a multiple regression analysis was conducted to regress the dependent 

variable, accounting performance, on the predictor variables of Lean implementation levels along the 

four business dimensions of leadership, manufacturing, accounting and finance, and supplier and 

customer relationship.  Results of the multiple regression analysis did not show enough evidence to 

reject the null hypotheses for H5 stating that “Lean implementation in accounting has no impact on 

accounting performance.”  Results of the multiple regression analysis, as displayed in Table 25, 

indicated that the level of Lean implementation in leadership (p = 0.3471), manufacturing (p = 0.9559), 

accounting and finance (p = 0.1031), and supplier and customer relationship (p = 0.1779) has no 

statistically significant influence on accounting performance at α = 0.05 as measured by manual 
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adjustments due to late recording, overdue invoices from suppliers, overdue invoices to customers, 

average length of an investment decision cycle, and average length of financial closing.  The Relative 

efficiency of 0.99 and the relative increase in variance due to missing data handling of 3 percent for the 

accounting and finance dimension suggest a strong imputation model. 

Table 25:  Results of multiple regression analysis on the dependent variable, accounting performance, on all of the predictor 
variables in the data set 

Model Information 

Data Set REGRESSION_ACC_PERF 

Number of Imputations 5 

 

Variance Information 

Parameter Variance DF Relative 
Increase 

in Variance 

Fraction 
Missing 

Information 

Relative 
Efficiency 

Between Within Total 

leadership 1.4494 13.7070 15.4464 315.44 0.1268 0.1181 0.9769 

manufacturing 1.0276 9.8854 11.1185 325.19 0.1247 0.1163 0.9772 

accounting 0.3959 15.7829 16.2580 4683.4 0.0301 0.0296 0.9941 

sup_and_cust_rel 1.0129 21.4090 22.6246 1385.6 0.0567 0.0550 0.9891 

 

Parameter Estimates 

Parameter Estimate Std Error 95% Confidence  
Limits 

DF Minimum Maximum Theta0 t for H0: 
Parameter=Theta0 

Pr > |t| 

Leadership 3.7004 3.9301 -4.0322 11.4331 315.44 2.3647 5.4902 0 0.94 0.3471 

manufacturing 0.1845 3.3344 -6.3752 6.7443 325.19 -0.8442 1.6415 0 0.06 0.9559 

Accounting 6.5739 4.0321 -1.3309 14.4788 4683.4 6.0318 7.3543 0 1.63 0.1031 

sup_and_cust_rel -6.4120 4.7565 -15.7428 2.9187 1385.6 -7.3417 -4.6970 0 -1.35 0.1779 

Second, a single linear regression analysis was performed to regress the dependent 

variable, accounting performance, on the single predictor variable of Lean implementation in the 

accounting and finance dimension.  Results of the single linear regression analysis, as displayed in Table 

26, contradicted the above findings by revealing that the higher level of Lean implementation in the 

accounting and finance dimension shows a positive effect on accounting performance (p = 0.0485, 
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Table 26) at α = 0.05.  Therefore, the results displayed in Table 26 suggest that there is enough 

evidence to reject the null hypotheses for H5 stating “Lean implementation in accounting has no 

impact on accounting performance.”  The relative efficiency of 0.99 and relative increase in variance 

due to missing values of 4.24 percent displayed in Table 26 indicate a strong imputation model. 

Table 26:  Results of the analysis run to regress accounting performance on the accounting and finance dimension 

Model Information 

Data Set REGRESSION2_ACC_PERF 

Number of Imputations 5 

 

Variance Information 

Parameter Variance DF Relative 
Increase 

in Variance 

Fraction 
Missing 

Information 

Relative 
Efficiency 

Between Within Total 

accounting 0.2700 7.6255 7.9496 2406.9 0.0424 0.0415 0.9917 

 

Parameter Estimates 

Parameter Estimate Std Error 95% Confidence Limits DF Minimum Maximum Theta0 t for H0: 
Parameter=Theta0 

Pr > |t| 

Accounting 5.5665 2.8195 0.0376 11.0955 2406.9 4.9616 6.3139 0 1.97 0.0485 
 

Third, a profile deviation analysis was also run to regress the dependent variable, accounting 

performance (as represented by the deviation from an ideal Lean accounting performance profile), on 

the predictor variable of Lean implementation levels in four business dimensions (as represented by 

the deviation from an ideal Lean facility profile in four business dimensions including accounting and 

finance).  Results of the profile deviation analysis, as displayed in Table 27, indicated no statistically 

significant relationship for the accounting and finance dimension in the model (p = 0.2195, Table 27).  

Therefore, based on the profile deviation analysis results, there is not show enough evidence to reject 

the null hypotheses for H5 stating that “Lean implementation in accounting has no impact on 

accounting performance.”  The relative efficiency of 0.98 and the relative increase in variance due to 
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missing data handling of 5.43 percent displayed in Table 27 for the accounting and finance dimension 

suggest a stable imputation model. 

Table 27:  Results of the regression analysis between the deviations from an ideal Lean facility profile and the deviations from 
an ideal Lean accounting performance profile 

Model Information 

Data Set PDA_REG_ACC_PERF 

Number of Imputations 5 

 

Variance Information 

Parameter Variance DF Relative 
Increase 

in Variance 

Fraction 
Missing 

Information 

Relative 
Efficiency 

Between Within Total 

w_leadership 0.0045 0.0513 0.0567 441.58 0.1051 0.0992 0.9805 

w_manufacturing 0.0084 0.0596 0.0698 188.2 0.1706 0.1547 0.9699 

w_accounting 0.0002 0.0064 0.0067 1507.9 0.0543 0.0527 0.9895 

w_sup_and_cust_rel 0.0018 0.0615 0.0638 3194.1 0.0366 0.0359 0.9928 

 

Parameter Estimates 

Parameter Estimate Std Error 95% Confidence  
Limits 

DF Minimum Maximum Theta0 t for H0: 
Parameter=Theta0 

Pr > |t| 

w_leadership 0.1874 0.2381 -0.2806 0.6556 441.58 0.1160 0.2875 0 0.79 0.4316 

w_manufacturing 0.0650 0.2643 -0.4564 0.5865 188.2 -0.0259 0.2071 0 0.25 0.8058 

w_accounting 0.1009 0.0821 -0.0602 0.2622 1507.9 0.0760 0.1235 0 1.23 0.2195 

w_sup_and_cust_rel -0.4203 0.2526 -0.9157 0.0749 3194.1 -0.4511 -0.3444 0 -1.66 0.0962 

Lastly, a profile deviation analysis was also used to investigate whether the higher level of Lean 

implementation in the accounting and finance dimension (as represented by the deviation from an 

ideal Lean accounting profile) results in better accounting performance (as represented by the 

deviation from an ideal Lean accounting performance).  Results of the profile deviation analysis are 

enlisted in Table 28 revealing This indicates no relationship between the deviation from an ideal Lean 

accounting profile and the deviation from an ideal Lean accounting performance profile (p = 0.2365, 

Table 28).  Therefore, the results displayed in Table 28 suggest that there is not enough evidence to 
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reject the null hypotheses for H5 stating “Lean implementation in accounting has no impact on 

accounting performance.”  The relative efficiency of 0.97 and relative increase in variance due to 

missing values of 11.21 percent displayed in Table 28 indicate a somewhat fragile imputation model. 

Table 28:  Results of the regression analysis between the deviations from an ideal Lean facility profile in accounting and 
finance and the deviations from an ideal Lean accounting performance profile 

Model Information 

Data Set PDA_REG2_ACC_PERF 

Number of Imputations 5 

 

Variance Information 

Parameter Variance DF Relative 
Increase 

in Variance 

Fraction 
Missing 

Information 

Relative 
Efficiency 

Between Within Total 

w_accounting 0.0002 0.0029 0.0032 393.17 0.1121 0.1054 0.9793 

 

Parameter Estimates 

Parameter Estimate Std Error 95% Confidence Limits DF Minimum Maximum Theta0 t for H0: 
Parameter=Theta0 

Pr > |t| 

w_accounting 0.0678 0.0572 -0.0446 0.1802 393.17 0.0503 0.0883 0 1.19 0.2365 

5.3. The Effect of Contextual Variables 

The third objective of this study was to investigate whether and how contextual factors, such as 

industry segment, location, annual sales revenue, and unionization effect 1) transportation equipment 

manufacturing performance, 2) transportation equipment manufacturing facilities’ level of Lean 

adaptation in accounting and finance, and 3) the link between the level of Lean implementation and 

performance.  Multiply imputed data of the 61 responses received from transportation equipment 

manufacturers were used to test the aforementioned research objectives using multiple regression 

analysis and hierarchical regression analysis.  The SAS 9.3 codes used to perform those analyses are 

enlisted in Appendix M. 
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5.3.1. Contextual Variables’ Effect on Facility Performance 

5.3.1.1. Operational Performance 

When the effect of contextual variables on operational performance was investigated, it was 

revealed that industry segment (CCQ2), location (CCQ3), and unionization (CCQ7) do not tend to have a 

statistically significant effect on the operational performance of transportation equipment 

manufacturing facilities.  However, pooled results from the five imputations showed that the size of a 

facility, represented by annual sales volume (CCQ6), tend to have a statistically significant negative 

relationship on operational performance (p = 0.0178, Table 29, Column 1), indicating that smaller 

transportation equipment facilities reported to have better operational performance than larger ones.  

Individual test results of all five imputations for the contextual variable of annual sales volume (p = 

0.0245, 0.0141, 0.0262, 0.0234, and 0.0191 respectively) supported the aforementioned outcome.  The 

relative efficiency of 0.99 and the relative increase in variance due to missing data handling of 0.41 

percent for the contextual variable of annual sales volume indicate a robust imputation model. 

Table 29:  Results of the multiple regression analysis performed on facility performance and the four contextual variables of 
industry segment, location, annual sales volume, and unionization 

  Operational Performance Financial Performance Accounting Performance 

CCQ2 - Industry Segment 0.0604 0.4264 0.6075 

CCQ3 - Location 0.5562 0.3030 0.0174 

CCQ6 - Annual Sales 0.0178 0.4691 0.0027 

CCQ7 - Unionization 0.8963 0.1706 0.6342 

Average R-Square 14.02% 10.59% 25.82% 

To investigate whether the aforementioned four contextual variables contribute to the Lean 

implementation – operational performance relationship, a hierarchical regression analysis was 

performed for each contextual variable.  At first, industry segment’s (CCQ2) effect on the Lean 
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implementation – operational performance relationship was examined, and pooled results of the five 

imputations reported no significant effect.  Further investigation of the results in each imputation cycle 

however revealed that in imputation cycle one and four, industry segment (as represented by NAICS 

3361, 3362, and 3363) tend to have a statistically significant effect (p = 0.0487 in IM cycle 1 and p = 

0.0229 in IM cycle 4) on the manufacturing – operational performance relationship.  More specifically, 

it was revealed that significantly more motor vehicle part manufacturers (NAICS 3363) tend to show a 

positive relationship in the Level of Lean implementation in manufacturing and operational 

performance, than do motor vehicle manufacturers (NAICS 3361).  When location’s (CCQ3) effect on 

the Lean implementation – operational performance relationship was examined, the pooled results of 

the five imputations, as well as individual imputation models, presented no significant effect on the 

Lean implementation – operational performance relationship.  Next, the effect of facility size 

represented by annual sales volume (CCQ6) was investigated on the Lean implementation – 

operational performance relationship.  Although, the relationship between annual sales volume and 

operational performance was found to be significant, the effect of annual sales volume on the Lean 

implementation – operational performance relationship does not show any significance in any of the 

five imputation cycles, or in the pooled results.  Finally, the effect of unionization (CCQ7) on the Lean 

implementation – operational performance relationship also did not show any statistically significant 

relationship in any of the five imputation cycles or in the pooled results. 

5.3.1.2. Financial Performance 

The investigation of the effect of contextual variables on financial performance revealed no 

statistically significant influence (Table 29, Column 2).  Individual test results of all five imputations for 

all contextual variables of financial performance (p = 0.4324, 0.0970, 0.2758, 0.1739, and 0.0635 
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respectively) also supported the aforementioned outcome.  The relative efficiency of 0.98 and 0.98, 

coupled with the relative increase in variance due to missing data handling of 5.85 percent and 7.23 

percent for industry segment (CCQ2) and unionization (CCQ7) respectively indicate a stable imputation 

model for those two variables. However, the relative efficiency of 0.93 and 0.92 and the relative 

increase in variance due to missing data handling of 51.57 percent and 56.06 percent for the 

contextual variables of location (CCQ3), and annual sales volume (CCQ6) respectively, indicate a weak 

imputation model.  Consequently, conclusions must be drawn when taking the volatility of the 

imputation model for those two variables (CCQ3 and CCQ6) into account. 

When the aforementioned four contextual variables of industry segment (CCQ2), location 

(CCQ3), annual sales volume (CCQ6), and unionization (CCQ7)’s effects on the Lean implementation – 

financial performance relationship were investigated using hierarchical regression analysis, none of 

these relationships resulted to be statistically significant.  Both, pooled results of the five imputations, 

as well as the individual imputation results showed no relationship in the investigated models.  

5.3.1.3. Accounting Performance 

The effect of contextual variables on accounting performance was also investigated, and it was 

revealed that while industry segment (CCQ2), location (CCQ3), and unionization (CCQ7) do not tend to 

have a statistically significant effect on the operational performance of transportation equipment 

manufacturing facilities, annual sales volume (CCQ6) does.  Pooled results from the five imputations 

showed that the size of the facility, represented by annual sales volume, tend to have a statistically 

significant negative relationship with accounting performance (p = 0.0027, Table 29, Column 3), 

indicating that smaller transportation equipment facilities tend to have better accounting performance 
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than larger ones.  Surprisingly, when individual test results of the overall model for all five imputations 

were examined, none of the individual imputation models were statistically significant; however, 

individual p-values for three out of the five imputations for the contextual variable of annual sales 

volume (p = 0.0392, 0.0210, 0.0716, 0.0509, and 0.0406 respectively) supported the aforementioned 

outcome.  The relative efficiency of 0.99 and the relative increase in variance due to missing data 

handling of 2.50 percent for the contextual variable of annual sales volume indicate a robust 

imputation model. 

Next, the aforementioned four contextual variables effect on the Lean implementation – 

accounting performance relationship was investigated using a hierarchical regression analysis.  

Regardless of the significant relationship found between annual sales volume (CCQ6) and accounting 

performance, results of the hierarchical regression did not indicate that any of the four contextual 

variables would affect the Lean implementation – accounting performance relationship.  Both, pooled 

results of the five imputations, as well as the individual imputation results showed no such relationship 

in the investigated models. 

Consequently, there is enough evidence to reject the null hypotheses for H6 stating that 

“contextual factors have no impact on facility performance” for operational and accounting 

performance, as the size of a facility represented by annual sales volume (CCQ6) has a statistically 

significant influence on both (p = 0.0178 and 0.0027, respectively) at α = 0.05.  However, there is not 

enough evidence to reject the null hypotheses for H6 stating that “contextual factors have no impact 

on facility performance” for financial performance.  Moreover, outcomes of the hierarchical regression 
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revealed that there is not enough evidence to reject the null hypotheses for H7 stating that “contextual 

factors have no impact on Lean implementation-performance relationship.” 

5.3.2. Contextual Variables’ Effect on Lean Implementation in Accounting and 

Finance 

The investigation of the effect of industry segment (CCQ2), location (CCQ3), annual sales 

volume (CCQ6), and unionization (CCQ7) on the level of Lean implementation in accounting and 

finance indicated that location tend to have a statistically significant effect (p = 0.0024) on the level of 

Lean implementation in accounting and finance at α = 0.05 (pooled results are enlisted in Table 30), 

while the remaining three contextual variables do not.  Individual test results of all five imputations for 

the contextual variable of location (p = 0.0031, 0.0039, 0.0047, 0.0034, and 0.0029 respectively) 

supported the aforementioned outcome, indicating that facilities located in the Southern States tend 

to have a higher level of Lean implementation in accounting and finance than companies in the 

Midwest.  The relative efficiency of 0.99 and the relative increase in variance due to missing data 

handling of 0.47 percent for the contextual variable of location enlisted in Table 30 indicate a robust 

imputation model. 

Table 30:  Multiple regression results of the effect of contextual variables on Lean implementation in Accounting and Finance 

Model Information 

Data Set REG_CONTEXT_LEAN_ACC 

Number of Imputations 5 

 

Variance Information 

Parameter Variance DF Relative 
Increase 

in Variance 

Fraction 
Missing 

Information 

Relative 
Efficiency 

Between Within Total 

CCQ2 0.0360 0.4953 0.5385 621.41 0.0872 0.0831 0.9836 
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Variance Information 

Parameter Variance DF Relative 
Increase 

in Variance 

Fraction 
Missing 

Information 

Relative 
Efficiency 

Between Within Total 

CCQ3 0.0010 0.2600 0.2612 175690 0.0047 0.0047 0.9990 

CCQ6 0.0120 0.2498 0.2643 1330.1 0.0580 0.0562 0.9888 

CCQ7 0.0021 1.2771 1.2797 1.03E6 0.0019 0.0019 0.9996 

 

Parameter Estimates 

Parameter Estimate Std Error 95% Confidence  
Limits 

DF Minimum Maximum Theta0 t for H0: 
Parameter=Theta0 

Pr > |t| 

CCQ2 0.7028 0.7338 -0.7383 2.1440 621.41 0.4521 0.8846 0 0.96 0.3386 

CCQ3 1.5516 0.5111 0.5498 2.5535 175690 1.5119 1.5857 0 3.04 0.0024 

CCQ6 -0.4241 0.5141 -1.4327 0.5845 1330.1 -0.5988 -0.2992 0 -0.82 0.4096 

CCQ7 -0.5882 1.1312 -2.8054 1.6289 1.03E6 -0.6328 -0.5148 0 -0.52 0.6031 

To investigate whether the aforementioned four contextual variables of industry segment 

(CCQ2), location (CCQ3), annual sales volume (CCQ6), and unionization (CCQ7) contribute to the Lean 

implementation in accounting and finance – operational performance relationship, a hierarchical 

regression analysis was performed for each contextual variable at α = 0.05.  Results revealed that only 

the contextual variable of industry segment tend to have a statistically significant effect on the Lean 

implementation in accounting and finance – operational performance relationship (p = 0.0114), 

indicating that significantly more motor vehicle part manufacturers (NAICS 3363) tend to have a 

positive relationship between their level of Lean implementation in accounting and finance and their 

operational performance, than do motor vehicle manufacturers (NAICS 3361).  When individual p-

values (p = 0.0097, 0.0075, 0.0136, 0.0020, and 0.0284 respectively) were analyzed, all five imputations 

for the contextual variable of industry segment confirmed the aforementioned outcome.  The relative 

efficiency of 0.97 and the relative increase in variance of 11.93 percent due to having missing values in 

the dataset indicate a reliable imputation model.  None of the remaining three contextual variables 
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(e.g., location, annual sales volume, and unionization) showed any influence on the Lean 

implementation in accounting and finance – operational performance relationship. 

Next, the aforementioned four contextual variables of industry segment (CCQ2), location 

(CCQ3), annual sales volume (CCQ6), and unionization (CCQ7) were investigated in respect to their 

influence on the Lean implementation in accounting and finance – financial performance relationship, 

and as a result, none of the aforementioned contextual variables reported any significant relationships 

at α = 0.05. 

When the same four contextual variables’ impact on the Lean implementation in accounting 

and finance – accounting performance relationship was investigated, outcomes of the hierarchical 

regression also reported that none of the contextual variables of industry segment (CCQ2), location 

(CCQ3), annual sales volume (CCQ6), and unionization (CCQ7) tend to have a significant effect on the 

aforementioned relationship at α = 0.05.  Although pooled results of the industry segment variable did 

not show a statistically significant impact on the Lean implementation in accounting and finance – 

accounting performance relationship at α = 0.05 (p = 0.0666), further investigation of individual 

imputation cycles revealed (p = 0.0548, 0.0430, 0.0859, 0.1137, and 0.0570) that in imputation cycle 

two, industry segment showed to be significant, while in imputation cycles one and five, the industry 

segment variable was on the edge of having a significant effect at α = 0.05. 

Thus, the overall results indicate that there is enough evidence to reject the null hypotheses for 

H8 stating that “contextual factors have no impact on Lean implementation in accounting and finance,” 

since location (CCQ6) shows a statistically significant influence on the level of Lean implementation in 

accounting and finance (p = 0.0024) at α = 0.05.  In addition, there is enough evidence to reject the null 
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hypotheses for H9 stating that “contextual factors have no impact on Lean implementation in 

accounting and finance – performance relationship,” since the impact of industry segment tend to be 

statistically significant on the Lean implementation in accounting and finance – operational 

performance relationship (p = 0.0114) at α = 0.05. 
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 Discussion 

The following chapter provides an in-depth discussion about the research findings on 1) 

whether a higher level of Lean implementation in transportation equipment manufacturing facilities 

results in better operational and financial performance, 2) whether a higher level of Lean 

implementation in accounting and finance results in better accounting, operational, and financial 

performance, and 3) whether facilities’ contextual variables influence any of the above described 

relationships. 

6.1. Lean Implementation’s Impact on Manufacturing Performance 

Inspired by the exceptional performance of the Toyota Motor Corporation (Liker 2003), U.S. 

transportation equipment manufacturers have been experimenting with implementing Lean principles 

and determinants for decades in the anticipation of achieving better operational and financial 

performance (Crute et al. 2003, Kochan et al. 1997).  Transforming a facility to Lean, however, comes 

with numerous challenges and has proven to be difficult for many companies, maybe explaining why 

U.S. transportation equipment manufacturers have been slow to implement Lean.  In many cases, 

these manufacturers have only made modest progress on improving their performance.  Numerous 

companies relapsed, got discouraged, and reverted to traditional mass production (Crute et al. 2003, 

Kochan et al. 1997).  This study, therefore, tried to establish if there indeed were gains (better 

operational and financial performance, better quality, higher customer satisfaction, to name a few) to 

be won from introducing Lean into a facility of the transportation equipment manufacturing industry 

and continuously elevating it to the highest extent. 
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This study builds on prior research studies that have identified key principles and determinants 

of successful Lean transformations (Womack and Jones 1996, Ahlstrom and Karlsson 1996, Sanchez 

and Perez 2001, Soriano-Meier and Forrester 2002, Shah 2002, Olsen 2004, Shah and Ward 2007) and 

demonstrated that these principles and determinants can act as an integrated, synergic set affecting 

operational (Cua 2000, Shah 2002, Olsen 2004) and financial performance (Olsen 2004, Harris 2012).  

However, no conclusive findings on the relationship between Lean implementation and operational 

and financial performance have been found, yet.  Shah (2002) and Olsen (2004) both used cluster 

analysis to categorize facilities as Lean or Non-Lean facilities based on pre-selected key principles and 

determinants and compared them on selected operational and financial performance measures; while 

Harris (2012) used publicly available data to “hand-pick” a given number of Lean and Non-Lean 

facilities for comparison.  This dissertation takes a different approach to investigating the relationship 

between Lean implementation and operational and financial performance by developing an 

assessment type questionnaire that allows randomly selected transportation equipment 

manufacturers to evaluate themselves as “being Non-Lean” in a sense of having a traditional, mass 

production-like system, or “being Lean” in the sense of being at their early, intermediate, or complete 

stages of their Lean transformation in the four business dimensions of leadership, manufacturing, 

accounting and finance, and supplier and customer relationship.  By doing so, this study tests whether 

implementing Lean principles and practices and advancing them over multiple stages have a positive 

additive effect on performance. 

Results of this study show that the level of Lean implementation of transportation equipment 

manufacturers greatly fluctuates across the four business dimensions investigated (Figure 6).  Most 

frequently, Lean principles and determinants were implemented in manufacturing, while Lean was 
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least frequently implemented in accounting and finance.  These results are not surprising as the usual 

practice is that Lean initially focuses on the implementation of Lean principles and practices in 

manufacturing as the area with the highest need and the largest payback.  Only as facilities have 

become more proficient in Lean in manufacturing, have they extended these ideas throughout their 

supply chain and to other support functions of their businesses.  Consequently, Lean implementation in 

the supplier and customer relationship, as well as in support functions of the business as the 

accounting and finance dimensions, may not yet have come as far along the learning curve as in 

manufacturing.  However, as the Lean movement started out from the transportation equipment 

industry in the 1990s, it is rather surprising that, on average, only 13 percent of the respondents 

reported to work with a Lean enterprise management system, which represents the highest level of 

Lean implementation as defined for the purpose of this study.  These results suggest that the 

transformation of the transportation equipment industry is incomplete and that room for further 

improvement exists. 

This study did not find any evidence that a higher level of Lean implementation does result in 

better operational performance as represented by quality, time-based, delivery, capacity, and safety 

performance (Tables 15 and Table 16); however, a positive relationship was found between the level of 

Lean implementation in the manufacturing dimension and quality performance.  This positive finding 

between the level of Lean implementation in manufacturing and quality performance is in-line with 

Cua’s (2000) and Fullerton and McWatters’s (2001) studies.  However, these two studies also found 

that implementing Lean in manufacturing results in better delivery, time-based, inventory, and 

customer service performance as well, which this study failed to do. 
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This study also found no linear relationship between the level of Lean implementation and 

financial performance as represented by productivity, return on asset, EBIT, and market share (Tables 

17 and 18).  On the Lean – productivity performance relationship, mixed results were found in prior 

studies.  For example, Olsen (2004) did not find any difference between Lean and Non-Lean companies 

in regards to employee productivity, while Shah (2002) found that Lean companies tend to have better 

productivity than Non-Lean companies.  Similarly to Olsen (2004), this study could not prove the 

existence of improvements to employee productivity.  The facts are similar to the impact of Lean on 

return on assets, where prior studies found mixed results.  For example, Olsen (2004) found no 

difference between Lean and Non-Lean companies in respect to asset productivity, a result that this 

study conforms to.  However, Harris (2012) was able to show that Lean companies tend to have better 

asset productivity than Non-Lean companies.  Earnings before interest and tax (EBIT) were not selected 

as a performance measure in any of the literature cited (Cua 2000, Shah 2002, Olsen 2004, Harris 2012) 

here, except for Emiliani’s (2003) case study, which showed a continuous increase in EBIT as the 

Wiremold Company progressed on its Lean journey.  This study, however, was not able to support 

Emiliani’s (2003) results.  Finally, in regards to the Lean – market share relationship, similarly to this 

study, Olsen (2004) did not find any significant differences between Lean and Non-Lean companies.   

Not being able to show a positive relationship between the level of Lean implementation and 

operational and financial performance raises numerous questions.  At first, it raises the question 

whether there is a noticeable linear progression through the traditional, early, intermediate, and full 

stage of a Lean transformation, or not.  Second, it draws attention on the reliability of the 

questionnaire.  For example, the accuracy of the results depend on the accuracy of the assessment; 

therefore, if the response intervals developed to measure operational and financial performance were 
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too wide or too narrow, it could lead to erroneous results.  Third, there is a concern in regards to the 

survey method, i.e., the self-assessment asked for by respondents Individuals tend to be imperfect in 

appraising themselves and their achievements by reporting overly favorable views on certain subjects, 

e.g., the “above-average effect” (Kruger and Dunning 1999), which can lead to erroneous conclusions.  

In this study, if respondents have miscalibrated either their level of Lean implementation or their 

company’s performance, results could be biased. 

Another concern is the number and the quality of responses received for this study.  A total of 

69 respondents returned the questionnaire. Eight responses were removed from further investigation, 

as they possessed a large amount of missing data (more than 20 percent).  For the remaining 61 

responses, multiple imputations were applied to handle missing values.  Although, multiple imputation 

is a state-of-the-art methodology for handling missing data handling and it comes highly recommended 

by numerous statisticians (Enders 2010, Raghunathan and Grizzle 1995, Rubin 1976), its application in 

this study raises additional concerns.  Most importantly, multiple imputations requires the data to be 

missing at random (MAR, Enders 2010, Raghunathan and Grizzle 1995, Rubin 1976).  For this study, it 

was assumed that performance had no effect on the amount of missing values (e.g., lower performing 

companies did not have more missing values than higher performing ones).  However, if that 

assumption does not stand, and study participants refused to provide their response due to having 

lower performance in certain areas, the imputation outcomes could be biased.  Second, the predictor 

variables of Lean implementation in the investigated business dimension carried information about the 

missing values of the outcome variables of operational, financial, and accounting performance, which 

may falsely, weakened the association between the level of Lean implementation and performance 

(Sterne et al. 2009).  Third, in this study, some variables presented highly-skewed distributions, which 
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were square-transformed before performing the regression analysis to investigate the relationship 

between the level of Lean implementation and performance.  However, conducting the imputation 

including non-normally distributed variables, may have introduced bias in the output data (Sterne et al. 

2009).  Moreover, the higher the proportion of missing values, the more pronounced the issues 

described above may become.  For example, the high proportion of missing values in financial 

measures weakened the multiple imputation models considerably, as shown by the high percentages 

of relative increases in variances and therefore may have distorted the results of the regression 

analysis (Tables 17 and 18). 

6.2. Performance Impact of Lean Implementation in Accounting and 

Finance 

To achieve and maintain a competitive advantage in today’s rapidly changing business 

environments, implementing Lean principles and determinants solely in the manufacturing dimension 

of transportation equipment manufacturers are not sufficient (Maskell and Baggaley 2003, Ward 

2003).  Maskell and Baggaley’s (2003) pioneering framework on Lean accounting argues that a Lean 

transformation in the accounting and finance dimension should move parallel with changes being 

implemented in other business dimensions of a transportation equipment facility.  Ward (2003) states, 

it is critically important to develop a holistic, enterprise-wide view of Lean implementation to reach the 

desired performance impact.  This study aims to investigate the role of Lean accounting in businesses 

of transportation equipment manufacturers and to detect possible contributions to accounting, 

operational, and financial performance. 
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This study shows that more than 50 percent of the respondents are aware of the existence of 

Lean accounting and have, to a certain extent, implemented it in their manufacturing facility.  Findings 

of this study (Figure 6 and Figure 7), however, contradict that argument by revealing that 

transportation equipment manufacturers fall behind in implementing Lean principles and determinants 

in their accounting and finance dimension compared to other business dimensions, such as 

manufacturing or leadership.  These findings are not surprising since the accounting discipline is 

continuously being blamed for not recognizing the need of aligning accounting and financial practices 

to Lean principles and determinants (Fullerton et al. 2013).  Results of this study reveal (Figure 7) that 

within the accounting and finance dimension, Lean implementation tends to be the most progressive 

in respect to authorization, budgeting, and month-end closing processes; while Lean implementation is 

least progressive in the product costing, accounts payable, and inventory tracking processes (Figure 7).  

These findings are in line with Fullerton et al.’s (2013) study, which found that the extent of Lean 

implementation is low in inventory tracking, and product costing.  One possible explanation of having 

low levels of Lean implementation in product costing, accounts payable, and inventory tracking 

processes may be that the directions provided by Maskell and Baggaley (2003) and McVay et al. (2013) 

on how to transform those processes may not be specific enough for practitioners to follow them or 

the task may be too difficult and time-consuming to execute.  Another explanation may be that, often, 

these product costing, accounts payable and receivable, and inventory tracking systems are corporate 

functions and individual facilities do not have the authority to implement changes in those areas as it 

would interfere with corporate reporting standards. 

There is little empirical evidence that provides insights on the level of Lean implementation in 

accounting and finance with Fullerton et al. (2013) and Kennedy and Widener (2008) being the 
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exceptions.  The evidence of the impact of Lean accounting on performance shown by Maskell and 

Baggaley (2003) and Cunningham (2003) are the only ones known to have addressed the issue.  

Moreover, none of the aforementioned studies have investigated as to how the level of Lean 

implementation in accounting and finance impacts operational, financial, and accounting performance.  

A fact that was changed by this study used two different statistical approaches, namely a multiple 

imputation approach and a profile deviation approach, to investigate the aforementioned relationship.  

Both statistical approaches were found to be applicable to test the hypotheses of this study; however, 

they both rely on different mathematical calculations to obtain results.  Therefore, it is not surprising 

that the outcomes produced by these two approaches are slightly different.  The regression approach 

revealed that the level of Lean implementation in accounting and finance, represented by the eight 

items introduced in the methodology chapter (Table 11) combined, have a direct positive effect on 

operational performance (p = 0.0351, Table 19) at α = 0.05, while the profile deviation approach did 

not support that finding at α = 0.05 (p = 0.0938, Table 20).  Furthermore, when the effect of the level of 

Lean implementation in accounting and finance on operational performance was further investigated, 

the regression approach revealed that the level of Lean implementation in accounting and finance is 

positively correlated to time (p = 0.0389, Table 21) and delivery performance (p = 0.0023, Table 21). 

The profile deviation analysis only highlighted the correlation to delivery performance (p = 0.0140, 

Table 22) but not to time-related performance (p = 0.2362, Table 22).  Results of the two statistical 

approaches also differed when the effect of the level of Lean implementation in accounting and 

finance on accounting performance was investigated.  While the regression approach showed a 

significant relationship at α = 0.05 (p = 0.0485, Table 26), the profile deviation analysis did not (p = 

0.2365, Table 28).  Finally, none of the two approaches showed any relationship between the level of 
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Lean implementation in accounting and finance and financial performance.  Differing results may also 

stem from the multiple imputation procedure as well.  For example, the relative increase in variance 

due to having missing values in the model when investigating accounting performance were 4.24 

percent and 11.21 percent for the regression and profile deviation approaches, respectively. 

The level of Lean implementation in accounting and finance was found to be influential on 

operational and accounting performance when only the accounting and finance dimensions were 

included in the regression model as a predictor variable. However, it was not found to be influential 

when other business dimensions were also included in the model and suggests that the level of Lean 

implementation in accounting and finance may only indirectly affect overall company performance.  

Regardless, the revealed linear relationship between the level of Lean implementation in accounting 

and finance and accounting and operational performance (Table 19 and Table 20) suggests that 

transportation equipment manufacturing facilities should aim to implement Lean accounting principles 

and determinants at the highest extent to achieve the desired success. 

6.3. The Effect of Contextual Variables 

In general, environmental and organizational contexts tend to impact the success of any 

business (Gurowka and Lawson 2007).  In this study, the effects of contextual variables, as represented 

by industry segment, location, annual sales volume, and unionization, were examined in three different 

contexts: their effect on performance, on Lean implementation, and on the Lean implementation and 

performance relationship. 
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Results of this study showed that the contextual variable of industry segment, as represented 

by motor vehicle manufacturers (NAICS 3361), motor vehicle body and trailer manufacturers (NAICS 

3362), and motor vehicle part manufacturers (NAICS 3363), did not have any effect on either 

performance, or the Lean implementation of transportation equipment manufacturers in 2012.  

However, this study found that the industry sub-segment influences the Lean accounting – operational 

performance relationship.  Results from this study indicated that significantly more motor vehicle part 

manufacturers (NAICS 3363) tend to have a positive relationship between their level of Lean 

implementation in accounting and finance and operational performance, than do motor vehicle 

manufacturers (NAICS 3361). 

When the effect of location, e.g., West, Midwest, Northeast, and South, was investigated, 

results did not reveal any relationship between location and performance or between location and 

Lean implementation.  This study, however, found that facilities located in the South tend to have a 

higher level of Lean implementation in accounting and finance than companies located in the Midwest.  

This phenomenon may be related to the fact that many new transportation equipment manufacturing 

facilities have been opening in the South, while facilities in the Midwest are older and possibly more 

traditional (Hill 2003).  One could also speculate that, as the facilities being opened in the South are 

mainly opened by foreign suppliers, that those foreign companies are more aggressive in the use of 

Lean practices. 

The contextual variable of facility size, as represented by annual sales volume, was found to 

have a significant effect on performance.  Findings of this study revealed that smaller transportation 

equipment facilities reported to have better operational and accounting performance than larger ones; 
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however.  The U.S Census Bureau reported that for 2012, transportation equipment manufacturing 

facilities showed an average of 11.2 percent increase in their annual sales volume compared to 2011 

(U.S. Census Bureau 2012).  One could speculate that the trend of smaller facilities over-performing 

their larger competitors may arise from the fact that smaller companies tend to have fewer layers of 

management and less complex organizational structures than their larger competitors, which may 

provide them some competitive advantage. 

The last contextual variable investigated was unionization.  Although, some researchers 

(Machin 1995, Meador and Walters 1994, Bronars et al. 1994) were able to show a significant negative 

correlation between being unionization and facility performance, this study did not find any evidence 

supporting those results.  Results of this study indicated that unionization do not tend to have any 

effect on facility performance, Lean implementation, and performance – Lean implementation 

relationship.  These findings were in line with the findings of Shah and Ward (2003), who also found 

lack of significant relationship. 

6.4. Directions for Future Research 

The questionnaire developed in this study assumed that there is a linear progression through a 

traditional, mass production-like system; a developed Lean framework; an intermediate, facility-wide 

Lean transformation; and a Lean enterprise like management system.  Results of this study however 

revealed that responding transportation equipment manufacturers often displayed elements of all four 

levels simultaneously for each business dimension investigated. 

No one Lean implementation journey is exactly the same, as companies operating in different 

business environments (e.g., different competitive landscapes, market stability, technology platforms) 
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and possessing different organizational structures (e.g., organizational size, diversity, level of 

centralization, product diversity, product complexity, customer diversity, channel diversity).  Different 

companies may have different purposes of implementing Lean and therefore they may follow different 

paths to transform.  Therefore, as a future research, longitudinal case studies should be conducted 

with companies having different contextual, structural, and strategic requirements and needs to 

pursue their Lean journey to closely investigate how they relate changes in each of their business 

dimension to the overall purpose of their Lean transformation.  Based on the case study results, 

multiple ideal-type Lean companies can be identified, where each ideal-type of Lean company 

represents a unique configuration of contextual, structural, and strategic factors.  These ideal-type of 

Lean companies also represent the most effective forms of implementing Lean under those given 

circumstances.  Then, deviations of a real company from its ideal-type can be accessed using profile 

deviation analysis (Doty et al. 1993, Venkatraman 1990, Venkatraman 1989).  Regardless of each 

company's initial condition, they can all reach the same final state of operational and financial success. 
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 Summary and Conclusions 

The following chapter summarizes the outcomes of this study, highlights its contributions to the 

body of knowledge, and provides directions for future research.  

7.1. Overview 

Starting in the early 1990’s, the implementation of Lean in the U.S. transportation equipment 

manufacturing industry was a response to continuously increasing foreign, especially Japanese, 

competition and continuously strengthened governmental regulations for emission, energy 

consumption, and safety controls (Shimokawa et al. 2009, Womack et al. 1990).  Both academics and 

practitioners expected that the implementation of Lean in the U.S. transportation equipment 

manufacturing industry would increase industry competitiveness and performance, as it made 

Japanese motor vehicle manufacturers one of the most successful automotive manufacturers of the 

world (Shimokawa et al. 2009, Womack et al. 1990).  However, many U.S. companies were and still are 

struggling with the fact that Lean must be fully integrated into the extended value chain and must be 

fully supported by a company’s administration and leadership philosophies (Emiliani et al. 2003, 

Maskell and Baggaley 2003, Womack and Jones 1996).  Prior research shows that only a limited 

number of companies implementing Lean were able to show operational and financial success in the 

long-term (Cua 2000, Shah 2002, Olsen 2004, Harris 2012).   

By developing a mixed-mode survey (Dillman et al. 2009) and inquiring participants about their 

Lean transformation efforts, performance, and general characteristics, this study provides a snapshot 

on how far transportation equipment manufacturing companies got in their Lean journey.  Results 
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show that 29 percent of the responding transportation equipment companies possessed a traditional, 

mass production like management system. Thirty-three percent had begun their Lean transformation 

by developing a Lean framework in their facilities, 26 percent stood at a more advanced stage of the 

lean transformation, where a facility’s processes are managed through value streams, and 13 percent 

possessed a Lean enterprise like management system. This study did not find any evidence that a 

higher level of Lean implementation in the leadership, manufacturing, accounting and finance, and 

supplier and customer relationship dimensions collectively would result in better operational and/or 

financial performance.  The study, however, revealed that a higher level of Lean implementation in the 

manufacturing dimension resulted in better quality performance as measured by first-time through, 

inbound quality, and outbound quality.   

Although, U.S. transportation equipment companies show high levels of Lean implementations 

in manufacturing, their implementation in the accounting and finance, and supplier and customer 

relationship dimensions still fall behind.  Results of this study showed that 46 percent of the 

respondents organize their administrative processes by functional departments and use traditional 

accounting systems to manage the administrative side of their businesses. Twenty-seven percent 

reported to conduct pilot projects on introducing Lean in administration, accounting, and finance, 16 

percent reported to move forward with their Lean implementation by aligning the administrative side 

of their businesses to value streams, while 12 percent reported to align their administrative, 

accounting, and financial processes to value streams throughout the extended value chain.  This study 

revealed that a higher level of Lean implementation in the accounting and finance dimension resulted 

in better accounting performance as well as in better operational performance.  No evidence was 
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found, however, that a higher level of implementing Lean in the accounting and finance dimension 

does have any effect on a facility’s financial performance. 

The U.S. transportation equipment manufacturing industry consists of a wide range of micro, 

small, medium, and large-size businesses that may or may not be members of the union, and provide a 

wide variety of end-products ranging from trucks and automobiles to bodies and trailers and to motor 

vehicle parts (Statistics Canada 2007).  To take the aforementioned differences into account, the 

effects of contextual variables (such as industry segment, location, annual sales volume, and 

unionization) on Lean implementation in the transportation equipment manufacturing industry and its 

relationship with performance were also examined.  Annual sales volume was found to be a significant 

factor in regards to performance as smaller transportation equipment facilities reported to have better 

operational and accounting performance than larger ones; while none of the four contextual variables 

were found to have a significant effect on financial performance.  When the effect of contextual 

variables on the level of Lean implementation in accounting and finance was examined, results showed 

that location had a significant effect.  More specifically, facilities located in the Southern States 

revealed to have a higher level of Lean implementation in accounting and finance than companies 

located in the Midwest.  When the effect of contextual variables on the Lean implementation and 

performance relationship was investigated, no significant relationship was found (alpha = 0.05).  

Finally, when the effect of contextual variables on the Lean implementation in accounting and finance 

and performance relationship was investigated, results showed that industry segment has a significant 

effect.  More specifically, significantly more motor vehicle part manufacturers (NAICS 3363) tend to 

have a positive relationship between their level of Lean implementation in accounting and finance and 

operational performance, than do motor vehicle manufacturers (NAICS 3361).  
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7.2. Contributions of This Study 

The questionnaire developed in this study provides conceptual clarity and specificity on Lean 

principles and determinants, and can be used as a roadmap for manufacturing facilities’ journey on the 

road towards continuous improvement.   

The study contributes to the Lean accounting literature by providing a snapshot of 

transportation equipment manufacturers’ level of Lean implementation in their accounting and finance 

dimension, as of 2012.  This study also provides empirical evidence that the systematic implementation 

of Lean principles and determinants in the manufacturing dimension of transportation equipment 

manufacturing facilities results in better quality performance and that the expansion of Lean principles 

and determinants to the accounting and finance dimension results in better accounting and 

operational performance. 

This study also demonstrates the value of multiple imputations for handling missing data in 

operational research.  Moreover, using multiple regression and profile deviation analysis parallel to 

examine study hypotheses provides complementary assessment of the same relationship, and brings 

out relevant details that may have been overlooked by a single method of analysis. 
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INFORMED CONSENT FORM        

INTRODUCTION:   The transportation equipment manufacturing industry is influenced by the cyclical nature of 
the U.S. economy, rising global competition, and changing customer habits.  This complex environment has fostered 
new business practices and created an interest in new management concepts such as Lean management.  To better 
understand these trends, Virginia Tech is in the process of conducting research to examine the extent of Lean 
implementation in the transportation equipment manufacturing industry.      

OBJECTIVE:   The purpose of this research is to evaluate transportation equipment manufacturing facilities in 
respect to their operational and financial performance and to correlate these results with the level of Lean 
implementation of the facility in question.     

PROCEDURE:   Filling out the questionnaire will take approximately 20 minutes or less.  The questionnaire 
comprises of three sections: 1) Lean transformation efforts, 2) Performance measures, and 3) General 
characteristics.  Please answer ALL questions for your manufacturing facility by selecting the most appropriate 
response or by filling out the blanks as indicated.  Your approximate response is far more useful than no 
response.  Any support from colleagues, such as from financial or operational personnel are welcomed.      

BENEFITS:   Participating facilities will gain a better understanding of the benefits of their Lean transformation 
efforts compared to other industry participants.  The research will also provide mutual performance metrics, enabling 
them to benchmark and improve their facilities in the future.  A summary of the results will be made available to all 
participants.      

PARTICIPATION:   Participation in this research is voluntary and you have the right to withdraw at any time or to 
refuse to participate without any penalty.  If you desire to withdraw, please close your internet browser or notify the 
researcher via email (andersch@vt.edu).      

CONFIDENTIALITY:   All data obtained from participants will be kept strictly confidential and will only be 
reported in aggregate format.  Your operation will not be identified in connection with your data.  All questionnaires 
will be concealed, and no one other than the primary investigator and his assistant researcher will have access to 
them.  The data collected will be stored in the Qualtrics-secure database until it has been deleted by the primary 
investigator.        

RISKS/DISCOMFORT:   Risks are minimal for involvement in this study.  Although, we do not expect any harm to 
come upon any participants due to electronic malfunction of the computer, it is possible though extremely rare and 
uncommon.     

CONTACT INFORMATION:   If you have any questions about the research or if you have any problem in loading 
or accessing the study, please contact us by phone at (540) 231-9759, fax at (540) 231-8868, or e-mail: 
andersch@vt.edu. 
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LEAN TRANSFORMATION EFFORTS    
All TERMS that are marked with a “ * ” are explained in 
the Glossary at the end of the document. 
1) Was your facility ever involved in a LEAN 
TRANSFORMATION*? 

 Yes     
 No (If no, please follow with question 4) 

 
2) Please indicate the YEAR your facility STARTED 
the LEAN TRANSFORMATION. 

      
3) Is the LEAN TRANSFORMATION in your facility 
ONGOING? 

 Yes     
 No, please indicate the reason:  

 
______________________________________________ 

 
LEADERSHIP       
Please select the ONE CATEGORY THAT BEST 
DESCRIBES your facility's status for each of the 
following questions. NOTE that categories 
represent progress in Lean transformation. 
All TERMS that are marked with a " * " are explained in 
the Glossary at the end of the document. 

4) Lean implementation planning 

 Senior managers do not plan to implement Lean* in 
the facility. 

 Senior managers started initial Lean projects but 
no transformation plan has yet been defined. 

 Senior managers formulated a facility wide plan for 
the Lean transformation across all value streams* with 
timeline and measurements. 

 Senior managers rolled out Lean transformation 
plans throughout the extended (upstream and 
downstream) value chains*. 

5) Top management commitment 

 Senior managers do not show interest in Lean 
transformation. 

 Senior managers understand the importance of the 
Lean transformation and show commitment towards 
it. 

 Senior managers lead the Lean transformation by 
personally practicing and mentoring Lean in the 
facility. 

 Senior managers practice and mentor Lean 
throughout the extended value chain. 

6) Communication 

 Communication is largely top-down and limited. 
 Basic communication procedures to openly and 

timely inform work-teams are in place but they are not 
uniform. 

 Communication between management and 
employees is timely and information can be pulled as 
required in the facility. 

 Two-way and open communication exists 
throughout the extended value chain. 

7) Training 

 Lean is not part of education and training 
programs. 

 Basic Lean training is provided to all employees. 
 Extensive Lean training of skills required for 

transformation projects is provided to all employees 
in the facility. 

 Advanced Lean training focusing on skills, 
capabilities, and Lean principles is provided 
throughout the extended value chain. 

8) Employee involvement 

 Employees are required to fulfill their job 
description but nothing more. 

 Employees are required to participate in 
continuous improvement* (Kaizen) activities. 

 Employees are internalizing continuous 
improvement (Kaizen) activities as the basis of 
operation in the facility. 

 Employee involvement and commitment to 
continuous improvement has become a habit 
throughout the extended value chain. 

9) Knowledge management 

 No documentation is kept about lessons learned. 

 Sparse documentation is kept about lessons 

learned. 

 Proper documentation exists for capturing and 

reusing lessons learned in the facility. 

 Proper documentation of best practices exist and 

includes knowledge captured from all parties 

throughout the extended value chain. 
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10) Employee incentives 

 No incentives are provided to encourage 
employees.  Primarily monetary rewards are used to 
encourage employees. 

 A balance of monetary rewards, non-monetary 
rewards, and recognition are used to encourage Lean 
transformation activity. 

 Profit sharing, non-monetary rewards, and 
recognition are used to fairly reward employees for 
the achievement of Lean goals. 

11) Performance measurement 

 Performance measures are inconsistent and focus 
on functional areas. 

 Performance measures are being collected but they 
are not aligned with Lean goals. 

 Key performance measures have been selected to 
align with Lean goals and they are available 
throughout the facility. 

 A balanced and minimal set of key performance 
measures are used to track transformation progress 
throughout the extended value chain in real-time. 
 

MANUFACTURING        
All TERMS that are marked with a " * " are explained in 
the Glossary at the end of the document. 

12) Production Flow 

 Equipment and workstations are organized by 
functional departments. 

 Equipment and workstations are arranged close 
together in the sequence of processing steps. 

 All processes are aligned to value streams in the 
facility. 

 Value streams are extended to suppliers and 
customers to enable better flow*. 

13) Production quality 

 Production encompasses final inspection and 
rework to repair defective items. 

 Final inspection is eliminated and each employee is 
responsible for continuously detecting and analyzing 
quality issues in a pilot cell(s)*/line(s). 

 Built-in-quality (individuals detect, analyze, 
permanently resolve quality issues and assure proper 
product and process designs) is achieved in the 
facility. 

 Built-in-quality is achieved in the facility and rolled 
out for the extended value chain. 
 

 
 

14) Changeover procedures 

 Long set-up times are dealt with by producing large 
batches. 

 Continuous improvement (Kaizen) teams are 
reducing setup times and increasing operational 
efficiency on a pilot machine(s). 

 Modified machines and time-improved changeover 
procedures are rolled out to multiple machines. 

 All machines have systematic changeovers and are 
continuously improved throughout the facility. 

15) Maintenance procedures 

 Maintenance work is done only upon machine 
breakdown or when safety issues are detected. 

 Total Productive Maintenance (TPM)* is 
introduced in a pilot cell(s) to reduce breakdowns, 
quality defects, and minor stoppages. 

 TPM is rolled out to multiple machines and 
conducted on a schedule. 

 TPM became a habit in the facility and operators 
play a prominent role in achieving zero defects and 
breakdowns. 

16) Pull system 

 Production is based on forecasts only and parts are 
pushed* through the process. 

 Production is “pulled” from subsequent stations 
based on customer demand in a pilot cell(s)/line(s). 

 Pull* production is extended to the entire facility. 
 Production is pulled throughout the extended value 

stream (including suppliers and customers). 

17) One-piece flow 

 Parts are moved from functional area to functional 
area in large batches. 

 Small batches of parts are moved through a 
sequence of process steps in a pilot cell(s)/line(s). 

 Small batch production in a sequence of process 
steps are rolled out to several value streams. 

 Parts are moved through a sequence of process 
steps in all value streams with no work-in-process in 
between, one piece at a time. 
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18) Work procedures 

 No work instructions can be found near machines. 
 Work charts and job element sheets are visually 

posted in a pilot cell(s). 
 Visual work charts and job element sheets are 

rolled out to multiple cells. 
 Work and processes are standardized throughout 

the facility and are continuously updated based on 
employees’ suggestions. 

19) Workplace organization 

 Work areas, supply and tool locations are 
disorganized. 

 Necessary tools and supplies are identified and 
have assigned locations close to work area in a pilot 
cell(s). 

 Assigned location for tools and supplies are rolled 
out to multiple cells. 

 Work areas are organized; supplies and tools are 
standardized throughout the facility. 

20) Employee training 

 Each employee is assigned to a single job at any 
given time. 

 Some employees are cross-trained to help each 
other to keep production going. 

 Almost all employees are cross-trained and are 
assigned to a specific value stream. 

 Cross-functional teams became the primary form of 
continuous improvement across value streams and 
throughout the facility. 
 

ADMINISTRATIVE SUPPORT 

21) Organization of administrative processes 

 Administrative processes of the facility are 
organized by functional departments. 

 Administrative processes are arranged close 
together in sequence of processing steps. 

 Administrative processes are aligned to value 
streams in the facility. 

 Administrative processes are aligned to value 
streams throughout the extended value chain. 
 
 
 
 
 

 
 

ACCOUNTING/FINANCE PROCESSES 

22) Transformation progress 

 The manufacturing program is evaluated based on 
cost reductions and efficiency. 

 Lean transformation progress is reviewed against 
predetermined success criteria for some continuous 
improvement (Kaizen) projects. 

 A formal process exists to analyze Lean 
transformation progress for all continuous 
improvement projects (Kaizen) in the facility. 

 Lean transformation progress is judged by the 
aggregate benefits rather than individual or localized 
improvements. 

23) Budgeting 

 Every department submits its budget which is then 
consolidated across the operation and rolled up to the 
division and corporate levels. 

 The facility re-casted its chart of accounts and 
submits annual budgets from functional departments 
to value streams. 

 Value stream budgets are results of the monthly 
operational planning of each value stream. 

 Budgeting is eliminated and investment decisions 
are made based on consolidated monthly operational 
planning. 

24) Product costing 

 Standard cost is calculated for each item and 
variances are reported against actual values. 

 Standard cost and value-stream cost* are 
calculated parallel to help decision making. 

 Standard costing is replaced with value stream 
costing and value stream rather than unit costs are 
calculated in the facility. 

 Value stream costing is applied throughout the 
extended value chain. 

25) Month-end closing 

 Full package of month-end reports are prepared for 
corporate accounting. 

 Month-end closing is simplified due to 
standardized charts of accounts and cost centers. 

 Month-end closing requires short preparation 
time; reviews are brief and conducted only for 
important issues. 

 No month end closing is necessary, financial 
statements are continuously updated and can be 
pulled at any time. 
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26) Authorization process 

 Multiple approvals and sign-offs are required from 
multiple managers to authorize transactions. 

 Number of approvals and sign-offs are reduced and 
budgetary accountability of departmental managers 
are strengthened. 

 Number of approvals and sign-offs are minimized 
and the authority of spending money is pushed down 
in the organization. 

 Multiple approvals and sign-offs are eliminated and 
value stream managers are responsible to authorize 
transactions. 

27) Accounts payable / Procurement 

 All materials received are documented with a 
purchase order, receiver, and an invoice. 

 Accounts payable credit cards are used for small 
purchases and master purchase agreements are 
developed with selected supplier(s) as a pilot project. 

 Payment authorization based on receivers and 
invoices is initiated at the point of receiving and 
purchase orders are eliminated due to master 
purchase agreements for all key suppliers. 

 Accounts payable processes are completely 
electronic using pick and pay systems. 

28) Accounts receivable 

 Invoices are mailed to customers after each 
product shipment by the accounts receivable 
department. 

 Master sales orders are used from our key 
customers and invoicing happens directly from 
shipping. 

 Invoicing needs are reduced by encouraging key 
customers to pay when products are received. 

 Customers automatically wire payments to our 
bank accounts based on usage of products. 

29) Inventory tracking 

 Full physical inventory is conducted annually and 
adjustments are made in the books accordingly. 

 Annual physical inventory is replaced with cycle 
counting to reduce errors. 

 Cycle counting is in-use and Kanban* based 
inventory control is introduced throughout the value 
stream. 

 Cycle counting is eliminated due to visual inventory 
control via Kanban system. 
 
 
 

 

SUPPLIER RELATIONSHIP 

30) Supplier relationship 

 No close relationship is kept with suppliers. 
 Key suppliers are identified and engaged in 

learning about Lean. 
 Mutually beneficial partnerships facilitating Lean 

improvements are established with key suppliers. 
 Suppliers are integrated part of daily operations 

and an agreement is in place for allocating risks and 
rewards. 

31) Inventory management 

 Internal material withdrawal from inventory is 
optimized without consideration of supplier 
processes. 

 Key suppliers ship to stock based on 
predetermined minimum and maximum stocking 
levels. 

 Key suppliers ship directly to the production line 
based on Kanban systems. 

 No inventory is kept; suppliers deliver to point of 
use when needed. 

32) Supplier involvement in new product 
development 

 Suppliers are not involved in new product 
development. 

 Pilot projects are conducted to involve key 
suppliers in new product development. 

 Innovation capabilities of key suppliers are utilized 
in designing and engineering new products. 

 Key suppliers are involved at all stages and all 
activities of product life cycles. 
 
 

CUSTOMER RELATIONSHIP        
All TERMS that are marked with a “*” are explained in 
the Glossary at the end of the document. 

33) Customer relationship 

 Essentially no contact with customers exists 
outside of the sales department. 

 Key customers are engaged in learning about Lean.  
 Mutually beneficial partnerships facilitating Lean 

improvements are established with key customers. 
 Customers are integrated part of daily operations 

and an agreement is in place for allocating risks and 
rewards. 

 



APPENDIX A 243  

 

 

 

34) Customer demand 

 Production reflects forecasts and may be revised in 
reaction to customer demand. 

 The facility ships to stock for customers based on 
predetermined minimum and maximum stocking 
levels. 

 The facility ships directly to its customers' 
production line (or customers' hands) based on a 
Kanban system. 

 The facility produces to customer demand and 
ships just-in-time (JIT)*. 

35) Customer involvement in new product 
development 

 New products are developed based on market 
research and market analysis reports. 

 Pilot projects are conducted to involve key 
customers in new product development. 

 Key customer's inputs are actively considered in 
designing and engineering new products. 

 Customers are represented on integrated product 
teams to ensure incremental product improvements

 
 

PERFORMANCE MEASURES - OPERATIONAL MEASURES     

36) For 2012, please indicate the percentage for the following questions in regards to your facility. 

 1-40 % 41-75 % 76-85 % 86-92 % 93-100 % Not 
measured 

First time through (items moving through 
the process without any problem) 

            

Inbound quality (items coming in without 
any problem) 

            

Outbound quality (items leaving the 
facility without any problem) 

            

On-time delivery rate             

Supplier shipments delivered on time             

Overall Equipment Effectiveness (OEE)             

Reactive maintenance rate             

37) For 2012, please indicate the percentage for the following questions in regards to your facility. 

 1-5 % 6-10 % 11-25 % 26-50 % More 
than 50% 

Not 
measured 

Customer reject rate on shipped products             

Scrap cost as a percentage of sales             

Rework cost as a percentage of sales              
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38) For 2012, please indicate the percentage for the following JUST IN TIME (JIT) DELIVERY questions in 
regards to your facility. 

 1-5 % 6-10 % 11-25 % 26-50 % More 
than 50% 

Not 
measured 

Customers for which the facility has 
implemented a JIT delivery program 

            

Suppliers who provided JIT delivery to 
your facility 

            

39) For 2012, please indicate the percentage for the following questions in regards to your facility's 
ACCOUNTING PROCESSES. 

 Less than 
1% 

1-2 % 3-4 % 5-7 % More 
than 7% 

Not 
measured 

Manual adjustments due to late recording             

Overdue invoices from suppliers             

Overdue invoices to customers             

40) For 2012, please indicate the MONTHLY OVERTIME HOURS in your facility. 

 1-3 hrs 
/month 

4-6 hrs 
/month 

7-10 hrs 
/month 

11-15 hrs 
/month 

More 
than 15 
hrs 
/month 

Not 
measured 

For production employees             

For accounting / finance employees             

41) Please indicate the typical LEAD-TIME on "long 
lead time" PURCHASED MATERIALS to your facility 
in 2012. 

 15 - 30 days 
 31 - 70 days 
 71 - 140 days 
 141 - 280 days 
 Other, please specify: ____________________ 
 Not measured 

 

42) Please indicate the MANUFACTURING LEAD 
TIME (the average length of time it takes a new set 
of inputs to move all the way through the 
operation) for a typical product in your facility in 
2012. 

 Less than 3 hour 
 4 - 6 hours 
 7 – 9 hours 
 10 - 12 hours 
 More than 12 hours 
 Not measured 

 

43) Please indicate the average ORDER ENTRY - 
CASH-IN TIME in your facility in 2012. 

 15 - 30 days 
 31 - 60 days 
 61 - 90 days 
 91 - 180 days 
 Other, please specify: ____________________ 
 Not measured 

44) Please indicate the AVERAGE DAYS OF 
INVENTORY of finished goods in your facility in 
2012. 

 1 - 15 days 
 16 - 30 days 
 31 - 45 days 
 45 - 60 days 
 More than 60 days 
 Not measured 
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45) Please indicate the AVERAGE LENGTH OF A 
NEW PRODUCT DEVELOPMENT CYCLE in your 
facility in 2012. 

 1-3 Months 
 4 - 6 Months 
 7 - 9 Months 
 10 - 12 Months 
 More than 12 Months 
 Not measured 

46) Please indicate the AVERAGE LENGTH OF AN 
INVESTMENT DECISION CYCLE (for large 
investments, from need arising until request 
approved) in your facility in 2012. 

 Less than 5 days 
 5 - 14 days 
 15 - 30 days 
 31 - 60 days 
 More than 60 days 
 Not measured 

47) Please indicate the AVERAGE LENGTH OF 
FINANCIAL CLOSING in your facility in 2012. 

 1 day or less 
 2 - 3 days 
 4 - 5 days 
 6 - 7 days 
 More than 7 days 
 Not measured 

48) Please, indicate the LOST TIME INCIDENT rate 
of your facility in 2012 (total lost time incidents 
per million hours worked). 

 0 - 0.3 
 0.4 - 1.0 
 1.1 - 3.0 
 3.1 - 6.0 
 More than 6.0 
 Not measured 

 
 

FINANCIAL MEASURES 

49) For 2012, please indicate by what percentage the following MEASURES CHANGED in your facility in the 
PAST 5 YEARS. 
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Productivity (sales per full time employees)                       

Return on assets (net income per total assets)                       

EBIT                      

Market share                       

R&D cost ratio (R&D cost per sales)                       
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GENERAL CHARACTERISTICS 

50) Please indicate your POSITION in your facility. 

 Senior management (CEO, COO, CFO, etc.) 
 Accountant / Financial analyst 
 Lean manager 
 Industrial engineer 
 Product engineer 
 Sales personnel 
 Buyer / Purchasing agent 
 Other, please specify: ____________________ 

51) Please indicate the ONE category that best 
describes the MAIN PRODUCT your facility 
produces. 

 Automobile Manufacturing 
 Light Truck and Utility Vehicle Manufacturing 
 Heavy Duty Truck Manufacturing 
 Motor Vehicle Body Manufacturing 
 Truck Trailer Manufacturing 
 Motor Home Manufacturing 
 Travel Trailer and Camper Manufacturing 
 Motor Vehicle Gasoline Engine and Engine Parts  

Manufacturing 
 Motor Vehicle Electrical and Electronic Equipment 

Manufacturing 
 Motor Vehicle Steering and Suspension 

Components 
 Motor Vehicle Brake System Manufacturing 
 Motor Vehicle Transmission and Power Train Parts  

Manufacturing 
 Motor Vehicle Seating and Interior Trim 
 Motor Vehicle Metal Stamping 
 Other, please specify: _____________________ 

52) Please indicate the STATE your facility is 
located in. 

      
53) Please indicate the TOTAL NUMBER OF 
EMPLOYEES in your facility in 2012. 

 Less than 11 
 11 – 50 
 51 – 250 
 251 - 1,000 
 More than 1,000

54) Please indicate the NUMBER OF ACCOUNTING / 
FINANCE EMPLOYEES in your facility's in 2012. 

 Less than 3 
 3 - 4 
 5 - 6 
 7 - 8 
 More than 8 

55) Please indicate the approximate ANNUAL 
SALES REVENUE of your facility in 2012. 

 Less than $2.6 million 
 $2.6 million - $13.1 million 
 $13.2 million - $65.6 million 
 $65.7 million - $262.8 million 
 More than $262.8 million 

56) Were employees of your facility organized in 
UNIONS in 2012? 

 Yes 
 No 
 Partially, please explain: ____________________ 

57) Please indicate if you would like to receive a 
summary of the survey results. 

 Yes, please send the results for the following e-mail 
address: _____________________________________ 

 No 
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GLOSSARY       
All TERMS that are marked with a " * " are explained in the Glossary.        
 
CELL: A collection of employees with various skills, techniques, machinery, tooling, support, material and sub-
processes; committed to a product with similar function or manufacturer or model, item, part, assembly or asset.        
 
CONSOLIDATED FINANCIAL REPORT: Shows the impact of the changes in each value stream, rolls them up together 
with any non-value stream (sustaining) departments to create a rolling budget for the facility.       
 
CONTINUOUS IMPROVEMENT: A culture of ongoing improvement of any and all elements within the enterprise, 
including processes, products, and services. Improvements seek to increase efficiency, effectiveness, and value-
creation.           
 
EXTENDED VALUE CHAIN: Holistic and comprehensive view of the value chain that enables identification of 
opportunities for greater efficiency and greater value delivery.        
 
FLOW: The progressive achievement of tasks along a value stream so that a product proceeds from order to delivery 
with no stoppages, scrap, or back-flows.           
 
JUST IN TIME (JIT): Producing or conveying only the items that are needed by the next process when they are needed 
and in the quantity needed.           
 
KANBAN: Signaling system to trigger action, replenishment is based on consumption.           
 
LEAN: Lean is a management philosophy.  It stipulates to maximize customer value derived from products and/or 
services, while minimizing waste.  Lean requires a shift in management's focus from optimizing technologies, assets, 
and departments to holistically optimize the flow of products and services along value streams that flow horizontally 
across technologies, assets, and departments to customers.  Lean is known by various names, such as "Toyota 
Production System (TPS)", "Lean manufacturing", "Lean production", or "Lean management" among others.           
 
LEAN TRANSFORMATION: Term used to characterize a company moving from traditional ways of doing things 
(batch and queue) to leaner ways of doing things (Lean).  Takes a long-term perspective and perseverance.        
 
PULL: A planning system based on communication of actual real-time needs from downstream operations, ultimately 
from the end user.        
 
PUSH: A planning system that schedules upstream operations according to some forecasted plan of downstream 
needs.        
 
REACTIVE MAINTENANCE RATE: Percentage of unscheduled maintenance actions performed as a result of system or 
product failure compared to all maintenance activities.        
 
ROLLING BUDGET: Method in which a budget established at the beginning of an accounting period is continually 
amended to reflect variances that arise due to changing circumstances.        
 
TOTAL PRODUCTIVE MAINTENANCE (TPM): A series of techniques used to improved machine availability through 
better utilization of maintenance and production resources.        
 
VALUE STREAM: The specific activities required to design, order, and provide a specific product, from concept to  
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launch, order to delivery, and raw materials into the hands of the customer.        
VALUE STREAM COSTING: Direct costing of the value streams. Value stream costs are typically collected weekly and 
there is little or no allocation of overheads. This provides financial information that can be clearly understood by 
everybody in the value stream which in turn leads to good decisions, motivates lean improvement across the entire 
value stream, and clear accountability for cost and profitability. 
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APPENDIX B 

 

November 6, 2014 

<Company Name>  

<Address> 

<City>, <State> <Zip> 

 

Dear <Prefix> <Last Name>, 

 

During the past decade, the U.S. transportation equipment manufacturing industry has been 

greatly affected by the economic downturn, new and emerging technologies, changing laws and 

regulations, and new initiatives to improve performance by improving manufacturing processes 

and management systems. 

Virginia Tech is conducting research to evaluate transportation equipment 

manufacturing facilities in respect to their operational and financial performance and to 

correlate these results with the level of Lean implementation.  We are asking for your help 

with this research study by completing the below listed online questionnaire: 

 

URL address to the Survey:  

www.companyperformance.org 

  

Upon completion of our research, participating facilities will gain a better understanding 

of the benefits of Lean transformation efforts compared to other industry participants.  The 

research will also provide mutual performance metrics, enabling individual operations 

to benchmark and improve their facilities in the future.  A summary of the results will be made 

available to all participants. 

 

Please note that all data obtained from participants will be kept strictly confidential and 

will only be reported in aggregate format.  We really appreciate your taking the time in filling out 

this survey and look forward to your response.  If you have any questions about the study or have 

any problem in loading or accessing the web-site, please contact us by phone at (540) 231-9759, fax 

at (540) 231-8868, or e-mail: andersch@vt.edu. 

 

Thank you very much for your time and assistance.   

 

Sincerely, 

 
Adrienn Andersch 
PhD. Candidate 

V I R G I N I A  P O L Y T E C H N I C  I N S T I T U T E  A N D  S T A T E  U N I V E R S I T Y  

A n  e q u a l  o p p o r t u n i t y ,  a f f i r m a t i v e  a c t i o n  i n s t i t u t i o n  

 

 Invent the Future 

College of Natural Resources and Environment 

http://www.companyperformance.org/
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APPENDIX C 

www.companyperformance.org 

 

 

http://www.companyperformance.org/
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APPENDIX D 

 

 

 

Good morning, 

 

I would like to say THANK YOU for providing your insight and opinion into our “Lean implementation in transportation equipment 

manufacturing” survey and THANK YOU for enabling us to reach our goal of receiving high quality and quantity responses. 

 

Final report of the findings will be issued at the end of 2013, which will be distributed to your email address. 

 

Thank you very much again for the time and effort you contributed towards this survey. 

 

Sincerely, 

 

 
Adrienn Andersch 
PhD. Candidate 
 

 

 

 

 

 

 

V I R G I N I A  P O L Y T E C H N I C  I N S T I T U T E  A N D  S T A T E  U N I V E R S I T Y  

A n  e q u a l  o p p o r t u n i t y ,  a f f i r m a t i v e  a c t i o n  i n s t i t u t i o n  

 

 Invent the Future 
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APPENDIX E 

My work is incomplete without YOUR HELP! 

 
Please help my research by filling out the questionnaire! 
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We need your help!  Recently, you were invited to help our research by providing your input on “Lean implementation in transportation 

equipment manufacturing”.  I am contacting you to ask for your help by completing a web-based survey that can be accessed at: 

www.companyperformance.org 
Your participation is critical for the success of the study.  The information you provide will be kept strictly confidential .  If you have any questions or 

concerns, please do not hesitate to contact us at (540) 231-9759.  Our fax number is (540) 231-8868.  Thank you for your participation in advance. 

Sincerely,  

 «Company_Name» 

Adrienn Andersch      «Prefix» «First_Name» «Last_Name» «F11» 
PhD. Candidate      «Address» 
 «City», «State» «Zip» 

 

 

 
 

 

 

V I R G I N I A  P O L Y T E C H N I C  I N S T I T U T E  A N D  S T A T E  U N I V E R S I T Y  

A n  e q u a l  o p p o r t u n i t y ,  a f f i r m a t i v e  a c t i o n  i n s t i t u t i o n  

 

 Invent the Future 
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APPENDIX F 

Multiple Imputation in SAS 9.3: 

proc import datafile="F:\Adri\Dissertation\Original Survey Data_Reduced 

Model_Adrienn Andersch.csv" 

out=MIdata 

dbms=csv 

replace; 

getnames=yes; 

run; 

 

data MIdata1; 

set MIdata; 

array a(*) LQ1--LQ8; 

leadership=sum(of a[*]); 

array b(*) MQ1--MQ9; 

manufacturing=sum(of b[*]); 

array c(*) AQ1--AQ9; 

accounting=sum(of c[*]); 

array d(*) SRQ1--SRQ3; 

supplier_relationship=sum(of d[*]); 

array e(*) CRQ1--CRQ3; 

customer_relationship=sum(of e[*]); 

run; 

 

data reorder; 

retain leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 

OMQ1 OMQ2 OMQ3 OMQ4 OMQ5 OMQ6 OMQ7 OMQ8 OMQ9 OMQ10 OMQ11 OMQ12 OMQ13 

OMQ14 OMQ15 OMQ16 OMQ17 OMQ18 OMQ19 OMQ20 OMQ21 OMQ22 OMQ23 OMQ24 OMQ25 

FMQ1 FMQ2 FMQ3 FMQ4 FMQ5 CCQ2 CCQ6 CCQ7; 

set MIdata1; 

run; 

 

proc mi data=reorder nimpute=5 seed=12345678 out=mob; 

class CCQ3 OMQ2; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship OMQ1 CCQ3 OMQ2; 

monotone logistic (OMQ2=leadership manufacturing accounting 

supplier_relationship customer_relationship OMQ1); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ3; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 OMQ1 OMQ2 OMQ3; 

monotone logistic (OMQ3=leadership manufacturing accounting 

supplier_relationship customer_relationship OMQ1 OMQ2); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ4; 
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var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 OMQ1 OMQ2 OMQ3 OMQ4; 

monotone logistic (OMQ4=leadership manufacturing accounting 

supplier_relationship customer_relationship OMQ1 OMQ2 OMQ3); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ5; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 OMQ1 OMQ2 OMQ3 OMQ4 OMQ5; 

monotone logistic (OMQ5=leadership manufacturing accounting 

supplier_relationship customer_relationship OMQ1 OMQ2 OMQ3 OMQ4); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ6; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 OMQ1 OMQ2 OMQ3 OMQ4 OMQ5 OMQ6; 

monotone logistic (OMQ6=leadership manufacturing accounting 

supplier_relationship customer_relationship OMQ1 OMQ2 OMQ3 OMQ4 OMQ5); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ7; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 OMQ1 OMQ2 OMQ3 OMQ4 OMQ5 OMQ6 OMQ7; 

monotone logistic (OMQ7=leadership manufacturing accounting 

supplier_relationship customer_relationship OMQ1 OMQ2 OMQ3 OMQ4 OMQ5 

OMQ6); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ8; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 OMQ1 OMQ2 OMQ3 OMQ4 OMQ5 OMQ6 OMQ7 OMQ8; 

monotone logistic (OMQ8=leadership manufacturing accounting 

supplier_relationship customer_relationship OMQ1 OMQ2 OMQ3 OMQ4 OMQ5 

OMQ6 OMQ7); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ9; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 OMQ1 OMQ2 OMQ3 OMQ4 OMQ5 OMQ6 OMQ7 OMQ8 

OMQ9; 

monotone logistic (OMQ9=leadership manufacturing accounting 

supplier_relationship customer_relationship OMQ1 OMQ2 OMQ3 OMQ4 OMQ5 

OMQ6 OMQ7 OMQ8); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ10; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 OMQ1 OMQ2 OMQ3 OMQ4 OMQ5 OMQ6 OMQ7 OMQ8 OMQ9 

OMQ10; 
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monotone logistic (OMQ10=leadership manufacturing accounting 

supplier_relationship customer_relationship OMQ1 OMQ2 OMQ3 OMQ4 OMQ5 

OMQ6 OMQ7 OMQ8 OMQ9); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ11; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 OMQ1 OMQ2 OMQ3 OMQ4 OMQ5 OMQ6 OMQ7 OMQ8 OMQ9 

OMQ10 OMQ11; 

monotone logistic (OMQ11=leadership manufacturing accounting 

supplier_relationship customer_relationship OMQ1 OMQ2 OMQ3 OMQ4 OMQ5 

OMQ6 OMQ7 OMQ8 OMQ9 OMQ10); 

run; 

 

data mob; 

set mob; 

Qtot=OMQ1+OMQ2+OMQ3+OMQ4+OMQ5+OMQ6+OMQ7+OMQ8+OMQ9+OMQ10+OMQ11; 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ12; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot OMQ12; 

monotone logistic (OMQ12=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ13; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot OMQ12 OMQ13; 

monotone logistic (OMQ13=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot OMQ12); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ14; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot OMQ12 OMQ13 OMQ14; 

monotone logistic (OMQ14=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot OMQ12 OMQ13); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ15; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot OMQ12 OMQ13 OMQ14 OMQ15; 

monotone logistic (OMQ15=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot OMQ12 OMQ13 OMQ14); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ16; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot OMQ12 OMQ13 OMQ14 OMQ15 OMQ16; 
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monotone logistic (OMQ16=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot OMQ12 OMQ13 OMQ14 

OMQ15); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ17; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot OMQ12 OMQ13 OMQ14 OMQ15 OMQ16 OMQ17; 

monotone logistic (OMQ17=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot OMQ12 OMQ13 OMQ14 

OMQ15 OMQ16); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ18; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot OMQ12 OMQ13 OMQ14 OMQ15 OMQ16 OMQ17 

OMQ18; 

monotone logistic (OMQ18=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot OMQ12 OMQ13 OMQ14 

OMQ15 OMQ16 OMQ17); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ19; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot OMQ12 OMQ13 OMQ14 OMQ15 OMQ16 OMQ17 

OMQ18 OMQ19; 

monotone logistic (OMQ19=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot OMQ12 OMQ13 OMQ14 

OMQ15 OMQ16 OMQ17 OMQ18); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ20; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot OMQ12 OMQ13 OMQ14 OMQ15 OMQ16 OMQ17 

OMQ18 OMQ19 OMQ20; 

monotone logistic (OMQ20=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot OMQ12 OMQ13 OMQ14 

OMQ15 OMQ16 OMQ17 OMQ18 OMQ19); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ21; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot OMQ12 OMQ13 OMQ14 OMQ15 OMQ16 OMQ17 

OMQ18 OMQ19 OMQ20 OMQ21; 

monotone logistic (OMQ21=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot OMQ12 OMQ13 OMQ14 

OMQ15 OMQ16 OMQ17 OMQ18 OMQ19 OMQ20); 

run; 

data mob; 

set mob; 

Qtot1=Qtot+OMQ12+OMQ13+OMQ14+OMQ15+OMQ16+OMQ17+OMQ18+OMQ19+OMQ20+OMQ21; 

run; 
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proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ22; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot1 OMQ22; 

monotone logistic (OMQ22=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot1); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ23; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot1 OMQ22 OMQ23; 

monotone logistic (OMQ23=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot1 OMQ22); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ24; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot1 OMQ22 OMQ23 OMQ24; 

monotone logistic (OMQ24=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot1 OMQ22 OMQ23); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ25; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot1 OMQ22 OMQ23 OMQ24 OMQ25; 

monotone logistic (OMQ25=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot1 OMQ22 OMQ23 OMQ24); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 FMQ1; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot1 OMQ22 OMQ23 OMQ24 OMQ25 FMQ1; 

monotone logistic (FMQ1=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot1 OMQ22 OMQ23 OMQ24 

OMQ25); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 FMQ2; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot1 OMQ22 OMQ23 OMQ24 OMQ25 FMQ1 FMQ2; 

monotone logistic (FMQ2=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot1 OMQ22 OMQ23 OMQ24 

OMQ25 FMQ1); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 FMQ3; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot1 OMQ22 OMQ23 OMQ24 OMQ25 FMQ1 FMQ2 

FMQ3; 



APPENDIX F 259 

 

 

monotone logistic (FMQ3=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot1 OMQ22 OMQ23 OMQ24 

OMQ25 FMQ1 FMQ2); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 FMQ4; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot1 OMQ22 OMQ23 OMQ24 OMQ25 FMQ1 FMQ2 FMQ3 

FMQ4; 

monotone logistic (FMQ4=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot1 OMQ22 OMQ23 OMQ24 

OMQ25 FMQ1 FMQ2 FMQ3); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 FMQ5; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot1 OMQ22 OMQ23 OMQ24 OMQ25 FMQ1 FMQ2 FMQ3 

FMQ4 FMQ5; 

monotone logistic (FMQ5=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot1 OMQ22 OMQ23 OMQ24 

OMQ25 FMQ1 FMQ2 FMQ3 FMQ4); 

run; 

 

data mob; 

set mob; 

Qtot2=Qtot1+OMQ22+OMQ23+OMQ24+OMQ25+FMQ1+FMQ2+FMQ3+FMQ4+FMQ5; 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 CCQ2; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot2 CCQ2; 

monotone logistic (CCQ2=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot2); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 CCQ6; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot2 CCQ2 CCQ6; 

monotone logistic (CCQ6=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot2); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 CCQ7; 

var leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 Qtot2 CCQ2 CCQ6 CCQ7; 

monotone logistic (CCQ7=leadership manufacturing accounting 

supplier_relationship customer_relationship Qtot2); 

run; 

 

data reorder; 

retain leadership manufacturing accounting supplier_relationship 

customer_relationship CCQ3 
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OMQ1 OMQ2 OMQ3 OMQ4 OMQ5 OMQ6 OMQ7 OMQ8 OMQ9 OMQ10 OMQ11 OMQ12 OMQ13 

OMQ14 OMQ15 OMQ16 OMQ17 OMQ18 OMQ19 OMQ20 OMQ21 OMQ22 OMQ23 OMQ24 OMQ25  

FMQ1 FMQ2 FMQ3 FMQ4 FMQ5 CCQ2 CCQ6 CCQ7; 

set MIdata1; 

run;
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APPENDIX G 

Scale Reliability Test in SAS 9.3.: 

Independent variables: 

proc corr data=mob alpha plots; 

var LQ1 LQ2 LQ3 LQ4 LQ5 LQ6 LQ7 LQ8; 

by _imputation_; 

run; 

 

proc corr data=mob alpha plots; 

var MQ1 MQ2 MQ3 MQ4 MQ5 MQ6 MQ7 MQ8 MQ9; 

by _imputation_; 

run; 

 

proc corr data=mob alpha plots; 

var AQ1 AQ2 AQ3 AQ4 AQ5 AQ6 AQ7 AQ8 AQ9; 

by _imputation_; 

run; 

 

proc corr data=mob alpha plots; 

by _imputation_; 

var AQ1 AQ2 AQ4 AQ7 AQ9; 

run; 

 

proc corr data=mob alpha plots; 

var SRQ1 SRQ2 SRQ3 CRQ1 CRQ2 CRQ3; 

by _imputation_; 

run; 

 

proc corr data=mob alpha plots; 

var SRQ1 SRQ3 CRQ1 CRQ3; 

by _imputation_; 

run; 

 
Dependent variables: 

proc corr data=mob alpha plots; 

var OMQ1 OMQ2 OMQ3 OMQ4 OMQ5 OMQ6 OMQ7 OMQ8 OMQ9 OMQ10 OMQ11 OMQ12 

OMQ13 OMQ14 OMQ15 OMQ16 OMQ17 OMQ18 OMQ19 OMQ20 OMQ21 OMQ22 OMQ23 OMQ24 

OMQ25; 

by _imputation_; 

run; 

 

proc corr data=mob alpha plots; 

var OMQ1 OMQ2 OMQ3 OMQ4 OMQ5 OMQ6 OMQ8 OMQ9 OMQ13 OMQ14 OMQ15 OMQ16 

OMQ17 OMQ18 OMQ19 OMQ20 OMQ21 OMQ22 OMQ23 OMQ24 OMQ25; 

by _imputation_; 

run; 
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proc corr data=mob alpha plots; 

var FMQ1 FMQ2 FMQ3 FMQ4 FMQ5; 

by _imputation_; 

run; 

 

proc corr data=mob alpha plots; 

var OMQ13 OMQ14 OMQ15 OMQ17 OMQ20 OMQ23 OMQ24; 

by _imputation_; 

run; 
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APPENDIX H 

Construct Validity Test in SAS 9.3: 

Independent variables: 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var LQ1 LQ2 LQ3 LQ4 LQ5 LQ6 LQ7 LQ8; 

by _imputation_; 

run; 

 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var LQ1 LQ2 LQ3 LQ4 LQ5 LQ7; 

by _imputation_; 

run; 

 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var MQ1 MQ2 MQ3 MQ4 MQ5 MQ6 MQ7 MQ8 MQ9; 

by _imputation_; 

run; 

 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var MQ1 MQ2 MQ3 MQ5 MQ6 MQ7 MQ8 MQ9; 

by _imputation_; 

run; 
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proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var AQ1 AQ2 AQ3 AQ4 AQ5 AQ6 AQ7 AQ8 AQ9; 

by _imputation_; 

run; 

 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var AQ2 AQ3 AQ4 AQ5 AQ6 AQ7 AQ8 AQ9; 

by _imputation_; 

run; 

 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var SRQ1 SRQ2 SRQ3 CRQ1 CRQ2 CRQ3; 

by _imputation_; 

run; 

 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var SRQ1 SRQ2 SRQ3 CRQ1 CRQ2; 

by _imputation_; 

run; 

 

 

Dependent variables: 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 
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scree 

rotate=varimax 

round 

flag=.40; 

var OMQ1 OMQ2 OMQ3 OMQ8 OMQ9 OMQ10 OMQ13; 

by _imputation_; 

run; 

 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var OMQ1 OMQ2 OMQ3 OMQ8 OMQ13; 

by _imputation_; 

run; 

 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var OMQ1 OMQ2 OMQ3; 

by _imputation_; 

run; 

 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var OMQ18 OMQ19 OMQ20 OMQ21 OMQ22 OMQ23 OMQ24; 

by _imputation_; 

run; 

 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var OMQ18 OMQ20 OMQ21 OMQ22 OMQ23 OMQ24; 

by _imputation_; 

run; 

 

proc factor data=mob 
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method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var OMQ4 OMQ5 OMQ11 OMQ12 OMQ14 OMQ15; 

by _imputation_; 

run; 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var OMQ6 OMQ7 OMQ16 OMQ17; 

by _imputation_; 

run; 

 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var OMQ16 OMQ17; 

by _imputation_; 

run; 

 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var FMQ1 FMQ2 FMQ3 FMQ4 FMQ5; 

by _imputation_; 

run; 

 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var FMQ1 FMQ2 FMQ3 FMQ4; 
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by _imputation_; 

run; 

 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var OMQ13 OMQ14 OMQ15 OMQ17 OMQ20 OMQ23 OMQ24; 

by _imputation_; 

run; 

 

proc factor data=mob 

method=prin 

priors=one 

mineigen=1 

scree 

rotate=varimax 

round 

flag=.40; 

var OMQ13 OMQ14 OMQ15 OMQ23 OMQ24; 

by _imputation_; 

run; 
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APPENDIX I 

Multiple Regression Assumption Test in SAS 9.3: 

proc import datafile="F:\Adri\Dissertation\Original Survey Data_Reduced 

Model_Regression.csv" 

out=MIdata 

dbms=csv 

replace; 

getnames=yes; 

run; 

 

data MIdata1; 

set MIdata; 

array a(*) LQ1--LQ7; 

leadership=sum(of a[*]); 

array b(*) MQ1--MQ9; 

manufacturing=sum(of b[*]); 

array c(*) AQ2--AQ9; 

accounting=sum(of c[*]); 

array d(*) SRQ1--CRQ2; 

sup_and_cust_rel=sum(of d[*]); 

run; 

 

data reorder; 

retain leadership manufacturing accounting sup_and_cust_rel CCQ3 

OMQ1 OMQ2 OMQ3 OMQ4 OMQ5 OMQ11 OMQ12 OMQ14 OMQ15 OMQ16 OMQ17 OMQ18 

OMQ20 OMQ21 OMQ22 OMQ23 OMQ24 OMQ25 FMQ1 FMQ2 FMQ3 FMQ4 CCQ2 CCQ6 CCQ7; 

set MIdata1; 

run; 

 

proc mi data=reorder nimpute=5 seed=12345678 out=mob; 

class CCQ3 OMQ2; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 OMQ1 

OMQ2; 

monotone logistic (OMQ2=leadership manufacturing accounting 

sup_and_cust_rel OMQ1); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ3; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 OMQ1 OMQ2 

OMQ3; 

monotone logistic (OMQ3=leadership manufacturing accounting 

sup_and_cust_rel OMQ1 OMQ2); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ4; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 OMQ1 OMQ2 

OMQ3 OMQ4; 

monotone logistic (OMQ4=leadership manufacturing accounting 

sup_and_cust_rel OMQ1 OMQ2 OMQ3); 
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run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ5; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 OMQ1 OMQ2 

OMQ3 OMQ4 OMQ5; 

monotone logistic (OMQ5=leadership manufacturing accounting 

sup_and_cust_rel OMQ1 OMQ2 OMQ3 OMQ4); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ11; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 OMQ1 OMQ2 

OMQ3 OMQ4 OMQ5 OMQ11; 

monotone logistic (OMQ11=leadership manufacturing accounting 

sup_and_cust_rel OMQ1 OMQ2 OMQ3 OMQ4 OMQ5); 

run; 

 

data mob; 

set mob; 

Qtot=OMQ1+OMQ2+OMQ3+OMQ4+OMQ5+OMQ11; 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ12; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot 

OMQ12; 

monotone logistic (OMQ12=leadership manufacturing accounting 

sup_and_cust_rel Qtot); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ14; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot 

OMQ12 OMQ14; 

monotone logistic (OMQ14=leadership manufacturing accounting 

sup_and_cust_rel Qtot OMQ12); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ15; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot 

OMQ12 OMQ14 OMQ15; 

monotone logistic (OMQ15=leadership manufacturing accounting 

sup_and_cust_rel Qtot OMQ12 OMQ14); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ16; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot 

OMQ12 OMQ14 OMQ15 OMQ16; 

monotone logistic (OMQ16=leadership manufacturing accounting 

sup_and_cust_rel Qtot OMQ12 OMQ14 OMQ15); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ17; 
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var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot 

OMQ12 OMQ14 OMQ15 OMQ16 OMQ17; 

monotone logistic (OMQ17=leadership manufacturing accounting 

sup_and_cust_rel Qtot OMQ12 OMQ14 OMQ15 OMQ16); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ18; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot 

OMQ12 OMQ14 OMQ15 OMQ16 OMQ17 OMQ18; 

monotone logistic (OMQ18=leadership manufacturing accounting 

sup_and_cust_rel Qtot OMQ12 OMQ14 OMQ15 OMQ16 OMQ17); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ20; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot 

OMQ12 OMQ14 OMQ15 OMQ16 OMQ17 OMQ18 OMQ20; 

monotone logistic (OMQ20=leadership manufacturing accounting 

sup_and_cust_rel Qtot OMQ12 OMQ14 OMQ15 OMQ16 OMQ17 OMQ18); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ21; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot 

OMQ12 OMQ14 OMQ15 OMQ16 OMQ17 OMQ18 OMQ20 OMQ21; 

monotone logistic (OMQ21=leadership manufacturing accounting 

sup_and_cust_rel Qtot OMQ12 OMQ14 OMQ15 OMQ16 OMQ17 OMQ18 OMQ20); 

run; 

 

data mob; 

set mob; 

Qtot1=Qtot+OMQ12+OMQ14+OMQ15+OMQ16+OMQ17+OMQ18+OMQ20+OMQ21; 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ22; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot1 

OMQ22; 

monotone logistic (OMQ22=leadership manufacturing accounting 

sup_and_cust_rel Qtot1); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ23; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot1 

OMQ22 OMQ23; 

monotone logistic (OMQ23=leadership manufacturing accounting 

sup_and_cust_rel Qtot1 OMQ22); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ24; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot1 

OMQ22 OMQ23 OMQ24; 

monotone logistic (OMQ24=leadership manufacturing accounting 

sup_and_cust_rel Qtot1 OMQ22 OMQ23); 
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run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 OMQ25; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot1 

OMQ22 OMQ23 OMQ24 OMQ25; 

monotone logistic (OMQ25=leadership manufacturing accounting 

sup_and_cust_rel Qtot1 OMQ22 OMQ23 OMQ24); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 FMQ1; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot1 

OMQ22 OMQ23 OMQ24 OMQ25 FMQ1; 

monotone logistic (FMQ1=leadership manufacturing accounting 

sup_and_cust_rel Qtot1 OMQ22 OMQ23 OMQ24 OMQ25); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 FMQ2; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot1 

OMQ22 OMQ23 OMQ24 OMQ25 FMQ1 FMQ2; 

monotone logistic (FMQ2=leadership manufacturing accounting 

sup_and_cust_rel Qtot1 OMQ22 OMQ23 OMQ24 OMQ25 FMQ1); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 FMQ3; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot1 

OMQ22 OMQ23 OMQ24 OMQ25 FMQ1 FMQ2 FMQ3; 

monotone logistic (FMQ3=leadership manufacturing accounting 

sup_and_cust_rel Qtot1 OMQ22 OMQ23 OMQ24 OMQ25 FMQ1 FMQ2); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 FMQ4; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot1 

OMQ22 OMQ23 OMQ24 OMQ25 FMQ1 FMQ2 FMQ3 FMQ4; 

monotone logistic (FMQ4=leadership manufacturing accounting 

sup_and_cust_rel Qtot1 OMQ22 OMQ23 OMQ24 OMQ25 FMQ1 FMQ2 FMQ3); 

run; 

 

data mob; 

set mob; 

Qtot2=Qtot1+OMQ22+OMQ23+OMQ24+OMQ25+FMQ1+FMQ2+FMQ3+FMQ4; 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 CCQ2; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot2 

CCQ2; 

monotone logistic (CCQ2=leadership manufacturing accounting 

sup_and_cust_rel Qtot2); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 CCQ6; 
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var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot2 

CCQ2 CCQ6; 

monotone logistic (CCQ6=leadership manufacturing accounting 

sup_and_cust_rel Qtot2); 

run; 

 

proc mi data=mob nimpute=1 seed=12345678 out=mob; 

class CCQ3 CCQ7; 

var leadership manufacturing accounting sup_and_cust_rel CCQ3 Qtot2 

CCQ2 CCQ6 CCQ7; 

monotone logistic (CCQ7=leadership manufacturing accounting 

sup_and_cust_rel Qtot2); 

run; 

 

data reorder; 

retain leadership manufacturing accounting sup_and_cust_rel CCQ3 

OMQ1 OMQ2 OMQ3 OMQ4 OMQ5 OMQ11 OMQ12 OMQ14 OMQ15 OMQ16 OMQ17 OMQ18 

OMQ20 OMQ21 OMQ22 OMQ23 OMQ24 OMQ25  

FMQ1 FMQ2 FMQ3 FMQ4 CCQ2 CCQ6 CCQ7; 

set MIdata1; 

run; 

 

data Analysis; 

set mob; 

array a(*) LQ1--LQ7; 

leadership=sum(of a[*]); 

array b(*) MQ1--MQ9; 

manufacturing=sum(of b[*]); 

array c(*) AQ2--AQ9; 

accounting=sum(of c[*]); 

array d(*) SRQ1--CRQ2; 

sup_and_cust_rel=sum(of d[*]); 

array e(*) OMQ1 OMQ2 OMQ3; 

quality=sum(of e[*]); 

array f(*) OMQ18 OMQ20 OMQ21 OMQ22 OMQ23 OMQ24; 

time=sum(of f[*]); 

array g(*) OMQ4 OMQ5 OMQ11 OMQ12 OMQ14 OMQ15; 

delivery=sum(of g[*]); 

array h(*) OMQ16 OMQ17; 

capacity=sum(of h[*]); 

array i(*) OMQ25; 

safety=sum(of i[*]); 

array j(*) OMQ1--OMQ25; 

operational_performance=sum(of j[*]); 

array k(*) FMQ1--FMQ4; 

financial_performance=sum(of k[*]); 

array m(*) OMQ13 OMQ14 OMQ15 OMQ23 OMQ24; 

accounting_performance=sum(of m[*]); 

run; 

 

proc univariate data=Analysis normal plot;  

var operational_performance leadership manufacturing accounting 

sup_and_cust_rel;  

qqplot operational_performance /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 
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proc univariate data=Analysis normal plot;  

var quality leadership manufacturing accounting sup_and_cust_rel;  

qqplot quality /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=Analysis normal plot;  

var time leadership manufacturing accounting sup_and_cust_rel;  

qqplot time /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=Analysis normal plot;  

var delivery leadership manufacturing accounting sup_and_cust_rel;  

qqplot delivery /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=Analysis normal plot;  

var capacity leadership manufacturing accounting sup_and_cust_rel;  

qqplot capacity /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=Analysis normal plot;  

var safety leadership manufacturing accounting sup_and_cust_rel;  

qqplot safety /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=Analysis normal plot;  

var financial_performance leadership manufacturing accounting 

sup_and_cust_rel;  

qqplot financial_performance /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=Analysis normal plot;  

var accounting_performance leadership manufacturing accounting 

sup_and_cust_rel;  

qqplot accounting_performance /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=Analysis normal plot;  

var accounting_performance accounting;  

qqplot accounting_performance /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc transreg data=Analysis; 

model boxcox(operational_performance)=identity(leadership manufacturing 

accounting sup_and_cust_rel); 

by _imputation_; 

run; 

 

proc transreg data=Analysis; 
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model boxcox(quality)=identity(leadership manufacturing accounting 

sup_and_cust_rel); 

by _imputation_; 

run; 

 

proc transreg data=Analysis; 

model boxcox(time)=identity(leadership manufacturing accounting 

sup_and_cust_rel); 

by _imputation_; 

run; 

 

proc transreg data=Analysis; 

model boxcox(delivery)=identity(leadership manufacturing accounting 

sup_and_cust_rel); 

by _imputation_; 

run; 

 

proc transreg data=Analysis; 

model boxcox(capacity)=identity(leadership manufacturing accounting 

sup_and_cust_rel); 

by _imputation_; 

run; 

 

proc transreg data=Analysis; 

model boxcox(safety)=identity(leadership manufacturing accounting 

sup_and_cust_rel); 

by _imputation_; 

run; 

 

proc transreg data=Analysis; 

model boxcox(financial_performance)=identity(leadership manufacturing 

accounting sup_and_cust_rel); 

by _imputation_; 

run; 

 

proc transreg data=Analysis; 

model boxcox(accounting_performance)=identity(leadership manufacturing 

accounting sup_and_cust_rel); 

by _imputation_; 

run; 

 

data Analysis2; 

set Analysis; 

operational_performance2=operational_performance*operational_performanc

e; 

financial_performance2=financial_performance*financial_performance; 

accounting_performance2=accounting_performance*accounting_performance; 

quality2=quality*quality; 

time2=time*time; 

delivery2=delivery*delivery; 

capacity2=capacity*capacity; 

safety2=safety*safety; 

by _imputation_; 

run; 

 

proc univariate data=Analysis2 normal plot;  
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var operational_performance2 leadership manufacturing accounting 

sup_and_cust_rel;  

qqplot operational_performance2 /normal(mu=est sigma=est color=RED 

l=1); 

by _imputation_; 

run; 

 

proc univariate data=Analysis2 normal plot;  

var quality2 leadership manufacturing accounting sup_and_cust_rel;  

qqplot quality2 /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=Analysis2 normal plot;  

var time2 leadership manufacturing accounting sup_and_cust_rel;  

qqplot time2 /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=Analysis2 normal plot;  

var delivery2 leadership manufacturing accounting sup_and_cust_rel;  

qqplot delivery2 /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=Analysis2 normal plot;  

var capacity2 leadership manufacturing accounting sup_and_cust_rel;  

qqplot capacity2 /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=Analysis2 normal plot;  

var safety2 leadership manufacturing accounting sup_and_cust_rel;  

qqplot safety2 /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=Analysis2 normal plot;  

var financial_performance2 leadership manufacturing accounting 

sup_and_cust_rel;  

qqplot financial_performance2 /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=Analysis2 normal plot;  

var accounting_performance2 leadership manufacturing accounting 

sup_and_cust_rel;  

qqplot accounting_performance2 /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=Analysis2 normal plot;  

var accounting_performance2 accounting;  

qqplot accounting_performance2 /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 
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APPENDIX J 

Non-Response Bias Analysis in SAS 9.3: 

proc import datafile="I:\Adri\Dissertation\Nonresponse Imputation 

Data.csv" 

out=nonresponse 

dbms=csv 

replace; 

getnames=yes; 

run; 

 

data reorder; 

retain response location lean communication 

product sales; 

set nonresponse; 

run; 

 

proc mi data=reorder nimpute=5 seed=87654321 out=mob; 

class location product; 

var response location lean communication product; 

monotone logistic (product=response location lean communication); 

run; 

 

proc mi data=mob nimpute=1 seed=87654321 out=mob; 

class location sales; 

var response location lean communication product sales; 

monotone logistic (sales= response location lean communication 

product); 

run; 

 

proc print data=mob; 

run; 

 

proc logistic data=mob descending outest=newvalue covout; 

class location product; 

model response = location lean communication product sales; 

by _imputation_; 

run; 

 

proc mianalyze data=newvalue; 

modeleffects location1 location2 location3 lean communication product1 

product2 sales; 

run; 
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APPENDIX K 

Multiple Regression Analysis in SAS 9.3: 

proc reg data=Analysis2 outest=Regression2 covout; 

model operational_performance2=leadership manufacturing accounting 

sup_and_cust_rel; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression2; 

modeleffects leadership manufacturing accounting sup_and_cust_rel; 

run; 

 

proc reg data=Analysis2 outest=Regression2 covout; 

model quality2=leadership manufacturing accounting sup_and_cust_rel; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression2; 

modeleffects leadership manufacturing accounting sup_and_cust_rel; 

run; 

 

proc reg data=Analysis2 outest=Regression2 covout; 

model time2=leadership manufacturing accounting sup_and_cust_rel; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression2; 

modeleffects leadership manufacturing accounting sup_and_cust_rel; 

run; 

 

proc reg data=Analysis2 outest=Regression2 covout; 

model delivery2=leadership manufacturing accounting sup_and_cust_rel; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression2; 

modeleffects leadership manufacturing accounting sup_and_cust_rel; 

run; 

 

proc reg data=Analysis2 outest=Regression2 covout; 

model capacity2=leadership manufacturing accounting sup_and_cust_rel; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression2; 

modeleffects leadership manufacturing accounting sup_and_cust_rel; 

run; 

 

proc reg data=Analysis2 outest=Regression2 covout; 

model safety2=leadership manufacturing accounting sup_and_cust_rel; 

by _imputation_; 

run; 
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proc mianalyze data=Regression2; 

modeleffects leadership manufacturing accounting sup_and_cust_rel; 

run; 

 

proc reg data=Analysis2 outest=Regression2 covout; 

model financial_performance2=leadership manufacturing accounting 

sup_and_cust_rel; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression2; 

modeleffects leadership manufacturing accounting sup_and_cust_rel; 

run; 

 

proc reg data=Analysis2 outest=Regression2 covout; 

model operational_performance2=accounting; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression2; 

modeleffects accounting; 

run; 

 

proc reg data=Analysis2 outest=Regression2 covout; 

model quality2=accounting; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression2; 

modeleffects accounting; 

run; 

 

proc reg data=Analysis2 outest=Regression2 covout; 

model time2=accounting; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression2; 

modeleffects accounting; 

run; 

 

proc reg data=Analysis2 outest=Regression2 covout; 

model delivery2=accounting; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression2; 

modeleffects accounting; 

run; 

 

proc reg data=Analysis2 outest=Regression2 covout; 

model capacity2=accounting; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression2; 
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modeleffects accounting; 

run; 

 

proc reg data=Analysis2 outest=Regression2 covout; 

model safety2=accounting; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression2; 

modeleffects accounting; 

run; 

proc reg data=Analysis2 outest=Regression2 covout; 

model financial_performance2=accounting; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression2; 

modeleffects accounting; 

run; 

 

proc reg data=Analysis2 outest=Regression2 covout; 

model accounting_performance2=leadership manufacturing accounting 

sup_and_cust_rel; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression2; 

modeleffects leadership manufacturing accounting sup_and_cust_rel; 

run; 

 

proc reg data=Analysis2 outest=Regression2 covout; 

model accounting_performance2=accounting; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression2; 

modeleffects accounting; 

run; 
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APPENDIX L 

Profile Deviation Analysis in SAS 9.3: 

proc import datafile="F:\Adri\Dissertation\Original Survey Data_Reduced 

Model_PDA.csv" 

out=PDA 

dbms=csv 

replace; 

getnames=yes; 

run; 

 

title'Profile Deviation Analysis – Weighted_Leadership'; 

proc distance data=PDA out=PDAWLeader method=Euclid; 

var interval(LQ1 LQ2 LQ3 LQ4 LQ5 LQ7 / std=mean weights=0.167); 

by imputation; 

id Response; 

run; 

 

title'Profile Deviation Analysis - Weighted_Manufacturing'; 

proc distance data=PDA out=PDAWMFG method=Euclid; 

var interval(MQ1 MQ2 MQ3 MQ5 MQ6 MQ7 MQ8 MQ9 / std=mean weights=0.125); 

by imputation; 

id Response; 

run; 

 

title'Profile Deviation Analysis - Weighted_Accounting'; 

proc distance data=PDA out=PDAWACC method=Euclid; 

var interval(AQ2 AQ3 AQ4 AQ5 AQ6 AQ7 AQ8 AQ9 / std=mean weights=0.125); 

by imputation; 

id Response; 

run; 

 

title'Profile Deviation Analysis - Weighted_S&C'; 

proc distance data=PDA out=PDAWSC method=Euclid; 

var interval(SRQ1 SRQ2 SRQ3 CRQ1 CRQ2 / std=mean weights=0.2); 

by imputation; 

id Response; 

run; 

 

title'Profile Deviation Analysis - Weighted_Operational Results'; 

proc distance data=PDA out=YWOP method=Euclid; 

var interval(OMQ1--OMQ25 / std=mean weights=0.056); 

by imputation; 

id Response; 

run; 

 

title'Profile Deviation Analysis - Weighted_Quality Results'; 

proc distance data=PDA out=YWQual method=Euclid; 

var interval(OMQ1 OMQ2 OMQ3 / std=mean weights=0.334); 

by imputation; 

id Response; 

run; 
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title'Profile Deviation Analysis - Weighted_Time Results'; 

proc distance data=PDA out=YWTime method=Euclid; 

var interval(OMQ18 OMQ20 OMQ21 OMQ22 OMQ23 OMQ24 / std=mean 

weights=0.167); 

by imputation; 

id Response; 

run; 

 

title'Profile Deviation Analysis - Weighted_Delivery Results'; 

proc distance data=PDA out=YWDel method=Euclid; 

var interval(OMQ4 OMQ5 OMQ11 OMQ12 OMQ14 OMQ15 / std=mean 

weights=0.167); 

by imputation; 

id Response; 

run; 

 

title'Profile Deviation Analysis - Weighted_Capacity Results'; 

proc distance data=PDA out=YWCap method=Euclid; 

var interval(OMQ16 OMQ17 / std=mean weights=0.5); 

by imputation; 

id Response; 

run; 

 

title'Profile Deviation Analysis - Weighted_Safety Results'; 

proc distance data=PDA out=YWSaf method=Euclid; 

var interval(OMQ25 / std=mean weights=1); 

by imputation; 

id Response; 

run; 

 

title'Profile Deviation Analysis - Weighted_Financial Results'; 

proc distance data=PDA out=YWFinanc method=Euclid; 

var interval(FMQ1--FMQ4 / std=mean weights=0.25); 

by imputation; 

id Response; 

run; 

 

title'Profile Deviation Analysis - Weighted_Accounting Results'; 

proc distance data=PDA out=YWAcc method=Euclid; 

var interval(OMQ13 OMQ14 OMQ15 OMQ23 OMQ24 / std=mean weights=0.2); 

by imputation; 

id Response; 

run; 

 

proc import datafile="F:\Adri\Dissertation\Original Survey Data_Reduced 

Model_PDAOutcomes.csv" 

out=PDA_Results 

dbms=csv 

replace; 

getnames=yes; 

run; 

 

proc univariate data=PDA_Results normal plot;  

var w_operational_performance w_leadership w_manufacturing w_accounting 

w_sup_and_cust_rel;  
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qqplot w_operational_performance /normal(mu=est sigma=est color=RED 

l=1); 

by _imputation_; 

run; 

 

proc univariate data=PDA_Results normal plot;  

var w_quality w_leadership w_manufacturing w_accounting 

w_sup_and_cust_rel;  

qqplot w_quality /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=PDA_Results normal plot;  

var w_time w_leadership w_manufacturing w_accounting 

w_sup_and_cust_rel;  

qqplot w_time /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=PDA_Results normal plot;  

var w_delivery w_leadership w_manufacturing w_accounting 

w_sup_and_cust_rel;  

qqplot w_delivery /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=PDA_Results normal plot;  

var w_capacity w_leadership w_manufacturing w_accounting 

w_sup_and_cust_rel;  

qqplot w_capacity /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=PDA_Results normal plot;  

var w_safety w_leadership w_manufacturing w_accounting 

w_sup_and_cust_rel;  

qqplot w_safety /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=PDA_Results normal plot;  

var w_financial_performance w_leadership w_manufacturing w_accounting 

w_sup_and_cust_rel;  

qqplot w_financial_performance /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=PDA_Results normal plot;  

var w_accounting_performance w_accounting;  

qqplot w_accounting_performance /normal(mu=est sigma=est color=RED 

l=1); 

by _imputation_; 

run; 

 

data PDA_Results2; 

set PDA_Results; 

w_accounting2=w_accounting*w_accounting; 
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w_financial_performance2=w_financial_performance*w_financial_performanc

e; 

w_quality2=w_quality*w_quality; 

w_delivery2=w_delivery*w_delivery; 

w_capacity2=w_capacity*w_capacity; 

w_safety2=w_safety*w_safety; 

by _imputation_; 

run; 

 

proc univariate data=PDA_Results2 normal plot;  

var w_operational_performance w_leadership w_manufacturing 

w_accounting2 w_sup_and_cust_rel;  

qqplot w_operational_performance /normal(mu=est sigma=est color=RED 

l=1); 

by _imputation_; 

run; 

 

proc univariate data=PDA_Results2 normal plot;  

var w_quality2 w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel;  

qqplot w_quality2 /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=PDA_Results2 normal plot;  

var w_time w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel;  

qqplot w_time /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=PDA_Results2 normal plot;  

var w_delivery2 w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel;  

qqplot w_delivery2 /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=PDA_Results2 normal plot;  

var w_capacity2 w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel;  

qqplot w_capacity2 /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=PDA_Results2 normal plot;  

var w_safety2 w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel;  

qqplot w_safety2 /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 

run; 

 

proc univariate data=PDA_Results2 normal plot;  

var w_financial_performance w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel;  

qqplot w_financial_performance /normal(mu=est sigma=est color=RED l=1); 

by _imputation_; 
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run; 

 

proc univariate data=PDA_Results2 normal plot;  

var w_accounting_performance w_accounting2;  

qqplot w_accounting_performance /normal(mu=est sigma=est color=RED 

l=1); 

by _imputation_; 

run; 

 

proc reg data=PDA_Results2 outest=Regression covout; 

model w_operational_performance=w_leadership w_manufacturing 

w_accounting2 w_sup_and_cust_rel; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression; 

modeleffects w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel; 

run; 

 

proc reg data=PDA_Results2 outest=Regression covout; 

model w_quality2=w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression; 

modeleffects w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel; 

run; 

 

proc reg data=PDA_Results2 outest=Regression covout; 

model w_time=w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression; 

modeleffects w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel; 

run; 

 

proc reg data=PDA_Results2 outest=Regression covout; 

model w_delivery2=w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression; 

modeleffects w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel; 

run; 

 

proc reg data=PDA_Results2 outest=Regression covout; 

model w_capacity2=w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel; 

by _imputation_; 
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run; 

 

proc mianalyze data=Regression; 

modeleffects w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel; 

run; 

 

proc reg data=PDA_Results2 outest=Regression covout; 

model w_safety2=w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression; 

modeleffects w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel; 

run; 

 

proc reg data=PDA_Results2 outest=Regression covout; 

model w_financial_performance=w_leadership w_manufacturing 

w_accounting2 w_sup_and_cust_rel; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression; 

modeleffects w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel; 

run; 

 

proc reg data=PDA_Results2 outest=Regression covout; 

model w_operational_performance=w_accounting2; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression; 

modeleffects w_accounting2; 

run; 

 

proc reg data=PDA_Results2 outest=Regression covout; 

model w_quality2=w_accounting2; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression; 

modeleffects w_accounting2; 

run; 

 

proc reg data=PDA_Results2 outest=Regression covout; 

model w_time=w_accounting2; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression; 

modeleffects w_accounting2; 

run; 

 

proc reg data=PDA_Results2 outest=Regression covout; 
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model w_delivery2=w_accounting2; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression; 

modeleffects w_accounting2; 

run; 

 

proc reg data=PDA_Results2 outest=Regression covout; 

model w_capacity2=w_accounting2; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression; 

modeleffects w_accounting2; 

run; 

 

proc reg data=PDA_Results2 outest=Regression covout; 

model w_safety2=w_accounting2; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression; 

modeleffects w_accounting2; 

run; 

 

proc reg data=PDA_Results2 outest=Regression covout; 

model w_financial_performance=w_accounting2; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression; 

modeleffects w_accounting2; 

run; 

proc reg data=PDA_Results2 outest=Regression covout; 

model w_accounting_performance=w_leadership w_manufacturing 

w_accounting2 w_sup_and_cust_rel; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression; 

modeleffects w_leadership w_manufacturing w_accounting2 

w_sup_and_cust_rel; 

run; 

 

proc reg data=PDA_Results2 outest=Regression covout; 

model w_accounting_performance=w_accounting2; 

by _imputation_; 

run; 

 

proc mianalyze data=Regression; 

modeleffects w_accounting2; 

run; 
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APPENDIX M 

Hierarchical Regression Analysis in SAS 9.3: 

data Hierarchical; 

set Analysis2; 

if CCQ2='3' then CCQ23='1'; 

else CCQ23='0'; 

if CCQ2='2' then CCQ22='1'; 

else CCQ22='0'; 

if CCQ3='4' then CCQ34='1'; 

else CCQ34='0'; 

if CCQ3='3' then CCQ33='1'; 

else CCQ33='0'; 

if CCQ3='2' then CCQ32='1'; 

else CCQ32='0'; 

if CCQ6='5' then CCQ65='1'; 

else CCQ65='0'; 

if CCQ6='4' then CCQ64='1'; 

else CCQ64='0'; 

if CCQ6='3' then CCQ63='1'; 

else CCQ63='0'; 

if CCQ6='2' then CCQ62='1'; 

else CCQ62='0'; 

LEAD_CCQ23_int=CCQ23*leadership; 

LEAD_CCQ22_int=CCQ22*leadership; 

MFG_CCQ23_int=CCQ23*manufacturing; 

MFG_CCQ22_int=CCQ22*manufacturing; 

ACC_CCQ23_int=CCQ23*accounting; 

ACC_CCQ22_int=CCQ22*accounting; 

SCR_CCQ23_int=CCQ23*sup_and_cust_rel; 

SCR_CCQ22_int=CCQ22*sup_and_cust_rel; 

CCQ23_num=CCQ23+0; 

CCQ22_num=CCQ22+0; 

LEAD_CCQ34_int=CCQ34*leadership; 

LEAD_CCQ33_int=CCQ33*leadership; 

LEAD_CCQ32_int=CCQ32*leadership; 

MFG_CCQ34_int=CCQ34*manufacturing; 

MFG_CCQ33_int=CCQ33*manufacturing; 

MFG_CCQ32_int=CCQ32*manufacturing; 

ACC_CCQ34_int=CCQ34*accounting; 

ACC_CCQ33_int=CCQ33*accounting; 

ACC_CCQ32_int=CCQ32*accounting; 

SCR_CCQ34_int=CCQ34*sup_and_cust_rel; 

SCR_CCQ33_int=CCQ33*sup_and_cust_rel; 

SCR_CCQ32_int=CCQ32*sup_and_cust_rel; 

CCQ34_num=CCQ34+0; 

CCQ33_num=CCQ33+0; 

CCQ32_num=CCQ32+0; 

LEAD_CCQ65_int=CCQ65*leadership; 

LEAD_CCQ64_int=CCQ64*leadership; 

LEAD_CCQ63_int=CCQ63*leadership; 
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LEAD_CCQ62_int=CCQ62*leadership; 

MFG_CCQ65_int=CCQ65*manufacturing; 

MFG_CCQ64_int=CCQ64*manufacturing; 

MFG_CCQ63_int=CCQ63*manufacturing; 

MFG_CCQ62_int=CCQ62*manufacturing; 

ACC_CCQ65_int=CCQ65*accounting; 

ACC_CCQ64_int=CCQ64*accounting; 

ACC_CCQ63_int=CCQ63*accounting; 

ACC_CCQ62_int=CCQ62*accounting; 

ACC_CCQ7_int=CCQ7*accounting; 

SCR_CCQ65_int=CCQ65*sup_and_cust_rel; 

SCR_CCQ64_int=CCQ64*sup_and_cust_rel; 

SCR_CCQ63_int=CCQ63*sup_and_cust_rel; 

SCR_CCQ62_int=CCQ62*sup_and_cust_rel; 

CCQ65_num=CCQ65+0; 

CCQ64_num=CCQ64+0; 

CCQ63_num=CCQ63+0; 

CCQ62_num=CCQ62+0; 

LEAD_CCQ7_int=CCQ7*leadership; 

MFG_CCQ7_int=CCQ7*manufacturing; 

ACC_CCQ7_int=CCQ7*accounting; 

SCR_CCQ7_int=CCQ7*sup_and_cust_rel; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model operational_performance2=CCQ2 CCQ3 CCQ6 CCQ7; 

by _imputation_; 

run; 

 

proc mianalyze data=Results; 

modeleffects CCQ2 CCQ3 CCQ6 CCQ7; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model operational_performance2=leadership manufacturing accounting 

sup_and_cust_rel CCQ23_num CCQ22_num LEAD_CCQ23_int MFG_CCQ23_int 

ACC_CCQ23_int SCR_CCQ23_int; 

by _imputation_; 

run; 

 

proc mianalyze data=Results; 

modeleffects leadership manufacturing accounting sup_and_cust_rel 

CCQ23_num CCQ22_num LEAD_CCQ23_int MFG_CCQ23_int ACC_CCQ23_int 

SCR_CCQ23_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model operational_performance2=leadership manufacturing accounting 

sup_and_cust_rel CCQ34_num CCQ33_num CCQ32_num LEAD_CCQ34_int 

MFG_CCQ34_int ACC_CCQ34_int SCR_CCQ34_int; 

by _imputation_;  

run; 

 

proc mianalyze data=Results; 

modeleffects leadership manufacturing accounting sup_and_cust_rel 

CCQ34_num CCQ33_num CCQ32_num LEAD_CCQ34_int MFG_CCQ34_int 

ACC_CCQ34_int SCR_CCQ34_int; 
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run; 

 

proc reg data=Hierarchical outest=Results covout; 

model operational_performance2=leadership manufacturing accounting 

sup_and_cust_rel CCQ65_num CCQ64_num CCQ63_num CCQ62_num LEAD_CCQ65_int 

MFG_CCQ65_int ACC_CCQ65_int SCR_CCQ65_int; 

by _imputation_; 

run; 

 

proc mianalyze data=Results; 

modeleffects leadership manufacturing accounting sup_and_cust_rel 

leadership manufacturing accounting sup_and_cust_rel CCQ65_num 

CCQ64_num CCQ63_num CCQ62_num LEAD_CCQ65_int MFG_CCQ65_int 

ACC_CCQ65_int SCR_CCQ65_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model operational_performance2=leadership manufacturing accounting 

sup_and_cust_rel LEAD_CCQ7_int MFG_CCQ7_int ACC_CCQ7_int SCR_CCQ7_int; 

by _imputation_;  

run; 

 

proc mianalyze data=Results; 

modeleffects leadership manufacturing accounting sup_and_cust_rel 

LEAD_CCQ7_int MFG_CCQ7_int ACC_CCQ7_int SCR_CCQ7_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model financial_performance2=CCQ2 CCQ3 CCQ6 CCQ7; 

by _imputation_; 

run; 

 

proc mianalyze data=Results; 

modeleffects CCQ2 CCQ3 CCQ6 CCQ7; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model financial_performance2=leadership manufacturing accounting 

sup_and_cust_rel CCQ23_num CCQ22_num LEAD_CCQ23_int MFG_CCQ23_int 

ACC_CCQ23_int SCR_CCQ23_int; 

by _imputation_; 

run; 

 

proc mianalyze data=Results; 

modeleffects leadership manufacturing accounting sup_and_cust_rel 

CCQ23_num CCQ22_num LEAD_CCQ23_int MFG_CCQ23_int ACC_CCQ23_int 

SCR_CCQ23_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model financial_performance2=leadership manufacturing accounting 

sup_and_cust_rel CCQ34_num CCQ33_num CCQ32_num LEAD_CCQ34_int 

MFG_CCQ34_int ACC_CCQ34_int SCR_CCQ34_int; 

by _imputation_;  

run; 

 

proc mianalyze data=Results; 
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modeleffects leadership manufacturing accounting sup_and_cust_rel 

CCQ34_num CCQ33_num CCQ32_num LEAD_CCQ34_int MFG_CCQ34_int 

ACC_CCQ34_int SCR_CCQ34_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model financial_performance2=leadership manufacturing accounting 

sup_and_cust_rel CCQ65_num CCQ64_num CCQ63_num CCQ62_num LEAD_CCQ65_int 

MFG_CCQ65_int ACC_CCQ65_int SCR_CCQ65_int; 

by _imputation_; 

run; 

 

proc mianalyze data=Results; 

modeleffects leadership manufacturing accounting sup_and_cust_rel 

leadership manufacturing accounting sup_and_cust_rel CCQ65_num 

CCQ64_num CCQ63_num CCQ62_num LEAD_CCQ65_int MFG_CCQ65_int 

ACC_CCQ65_int SCR_CCQ65_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model financial_performance2=leadership manufacturing accounting 

sup_and_cust_rel LEAD_CCQ7_int MFG_CCQ7_int ACC_CCQ7_int SCR_CCQ7_int; 

by _imputation_;  

run; 

 

proc mianalyze data=Results; 

modeleffects leadership manufacturing accounting sup_and_cust_rel 

LEAD_CCQ7_int MFG_CCQ7_int ACC_CCQ7_int SCR_CCQ7_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model accounting_performance2=CCQ2 CCQ3 CCQ6 CCQ7; 

by _imputation_; 

run; 

 

proc mianalyze data=Results; 

modeleffects CCQ2 CCQ3 CCQ6 CCQ7; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model accounting_performance2=leadership manufacturing accounting 

sup_and_cust_rel CCQ23_num CCQ22_num LEAD_CCQ23_int MFG_CCQ23_int 

ACC_CCQ23_int SCR_CCQ23_int; 

by _imputation_; 

run; 

 

proc mianalyze data=Results; 

modeleffects leadership manufacturing accounting sup_and_cust_rel 

CCQ23_num CCQ22_num LEAD_CCQ23_int MFG_CCQ23_int ACC_CCQ23_int 

SCR_CCQ23_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model accounting_performance2=leadership manufacturing accounting 

sup_and_cust_rel CCQ34_num CCQ33_num CCQ32_num LEAD_CCQ34_int 

MFG_CCQ34_int ACC_CCQ34_int SCR_CCQ34_int; 

by _imputation_;  
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run; 

 

proc mianalyze data=Results; 

modeleffects leadership manufacturing accounting sup_and_cust_rel 

CCQ34_num CCQ33_num CCQ32_num LEAD_CCQ34_int MFG_CCQ34_int 

ACC_CCQ34_int SCR_CCQ34_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model accounting_performance2=leadership manufacturing accounting 

sup_and_cust_rel CCQ65_num CCQ64_num CCQ63_num CCQ62_num LEAD_CCQ65_int 

MFG_CCQ65_int ACC_CCQ65_int SCR_CCQ65_int; 

by _imputation_; 

run; 

 

proc mianalyze data=Results; 

modeleffects leadership manufacturing accounting sup_and_cust_rel 

leadership manufacturing accounting sup_and_cust_rel CCQ65_num 

CCQ64_num CCQ63_num CCQ62_num LEAD_CCQ65_int MFG_CCQ65_int 

ACC_CCQ65_int SCR_CCQ65_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model accounting_performance2=leadership manufacturing accounting 

sup_and_cust_rel LEAD_CCQ7_int MFG_CCQ7_int ACC_CCQ7_int SCR_CCQ7_int; 

by _imputation_;  

run; 

 

proc mianalyze data=Results; 

modeleffects leadership manufacturing accounting sup_and_cust_rel 

LEAD_CCQ7_int MFG_CCQ7_int ACC_CCQ7_int SCR_CCQ7_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model accounting=CCQ2 CCQ3 CCQ6 CCQ7; 

by _imputation_; 

run; 

 

proc mianalyze data=Results; 

modeleffects CCQ2 CCQ3 CCQ6 CCQ7; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model operational_performance2=accounting CCQ23_num CCQ22_num 

ACC_CCQ23_int; 

by _imputation_; 

run; 

 

proc mianalyze data=Results; 

modeleffects accounting CCQ23_num CCQ22_num ACC_CCQ23_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model operational_performance2=accounting CCQ34_num CCQ33_num CCQ32_num 

ACC_CCQ34_int; 

by _imputation_;  

run; 
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proc mianalyze data=Results; 

modeleffects accounting CCQ34_num CCQ33_num CCQ32_num ACC_CCQ34_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model operational_performance2=accounting CCQ65_num CCQ64_num CCQ63_num 

CCQ62_num ACC_CCQ65_int; 

by _imputation_; 

run; 

 

proc mianalyze data=Results; 

modeleffects accounting CCQ65_num CCQ64_num CCQ63_num CCQ62_num 

ACC_CCQ65_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model operational_performance2=accounting ACC_CCQ7_int; 

by _imputation_;  

run; 

 

proc mianalyze data=Results; 

modeleffects accounting ACC_CCQ7_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model financial_performance2=accounting CCQ23_num CCQ22_num 

ACC_CCQ23_int; 

by _imputation_; 

run; 

 

proc mianalyze data=Results; 

modeleffects accounting CCQ23_num CCQ22_num ACC_CCQ23_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model financial_performance2=accounting CCQ34_num CCQ33_num CCQ32_num 

ACC_CCQ34_int; 

by _imputation_;  

run; 

 

proc mianalyze data=Results; 

modeleffects accounting CCQ34_num CCQ33_num CCQ32_num ACC_CCQ34_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model financial_performance2=accounting CCQ65_num CCQ64_num CCQ63_num 

CCQ62_num ACC_CCQ65_int; 

by _imputation_; 

run; 

 

proc mianalyze data=Results; 

modeleffects accounting CCQ65_num CCQ64_num CCQ63_num CCQ62_num 

ACC_CCQ65_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 
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model financial_performance2=accounting ACC_CCQ7_int; 

by _imputation_;  

run; 

 

proc mianalyze data=Results; 

modeleffects accounting ACC_CCQ7_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model accounting_performance2=accounting CCQ23_num CCQ22_num 

ACC_CCQ23_int; 

by _imputation_; 

run; 

 

proc mianalyze data=Results; 

modeleffects accounting CCQ23_num CCQ22_num ACC_CCQ23_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model accounting_performance2=accounting CCQ34_num CCQ33_num CCQ32_num 

ACC_CCQ34_int; 

by _imputation_;  

run; 

 

proc mianalyze data=Results; 

modeleffects accounting CCQ34_num CCQ33_num CCQ32_num ACC_CCQ34_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model accounting_performance2=accounting CCQ65_num CCQ64_num CCQ63_num 

CCQ62_num ACC_CCQ65_int; 

by _imputation_; 

run; 

 

proc mianalyze data=Results; 

modeleffects accounting CCQ65_num CCQ64_num CCQ63_num CCQ62_num 

ACC_CCQ65_int; 

run; 

 

proc reg data=Hierarchical outest=Results covout; 

model accounting_performance2=accounting ACC_CCQ7_int; 

by _imputation_;  

run; 

 

proc mianalyze data=Results; 

modeleffects accounting ACC_CCQ7_int; 

run; 


