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ABSTRACT

Over the years, the manufacturing industry has esged a number of work
design practices, based on different principlesclwhave significantly shaped the nature
of work and have affected employees’ behavior arfopmance. This study compares
the socio-technical systems (STS) principles armah leroduction (LP) principles in to
explore the potential for synergistic integratiostieeen the two. They are categorized
according to the common overarching goals of tipeseiples, and through a process of
theoretical rationalization, these categories gperationalized into the work design
practices of middle management support, socialtigesc usage, and technical practices
usage.

A model of work design is proposed to test tHati@nships between these work
practices and to understand their effect on emp®yeuality of work life and
performance. The effect of task interdependencalss examined since teams are the
basic unit of analysis in STS and LP approachesdrk design. This model is tested
with a cross-sectional survey research in whicimtésaders in manufacturing plants in
the United States were the key respondents.

Statistical analyses of survey data yielded thmefindings. Middle management
support has a positive direct and indirect effattimproved employee performance, a
positive direct effect on social practices usagel, a positive indirect effect on technical
practices usage and on employees’ quality of wibek $ocial practices usage has a total

positive direct effect on technical practices usaged a positive indirect effect on



employees’ quality of work life and their perforncan Technical practices usage has a
direct effect on both quality of work life and erapée performance.

This study provides empirical support for the défom of lean production posited
by Shah and Ward (2007). Results indicate that liddhnagement is crucial for the
implementation and sustainability of a lean sysbmmause it offers the support necessary
for the usage of social and technical practicesplidations for manufacturing

organizations and suggestions for future reseaepr@sented.

Keywords: Lean principles, work design practicecisdechnical systems principles,

guality of work life, employee performance, tastendependence, manufacturing
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CHAPTER 1. INTRODUCTION

Over the years, organizations have witnessed abauwf work-design practices
based on different principles. These design presti@ave significantly shaped the nature
of work (Ohno, 1988; Cherns, 1976; Trist & BamfortD51; Taylor, 1947; Taylor,
1911) and have affected employees’ behavior antbqmeance within an organization
(Conti et.al., 2006; Liker, 2004; Bruno & JordarQ02; Waterson et.al., 2002 Jones,
2000; Babson, 1993). Prominent among them areTtagloristic or Fordistic’ practices
based on scientific management principles (Tayk®47, 1911), the ‘holistic open
systems’ practices based on the socio-technicdermsygs (STS) principles (Hyer et.al.,
1999; Taylor & Felten, 1993; Cherns, 1987, 1976y the lean production (LP) practices
based on the principles of the Toyota Productiost&y (Shah & Ward, 2007; Dennis,
2007; Liker, 2004; Womack and Jones, 1996).

This study provides a clear comparison betweenSth® and LP approaches to
work design practice and explores the potentialsigrergistic integration between the
two. Specific work practices are identified frohreoretical arguments in STS and LP
literature to develop an integrated model of woekign practice that is grounded in both
approaches. Furthermore, the model developed s study is an attempt to build a
theory on lean production, which is based on tHenitien of lean provided by Shah &
Ward (2007). To validate the theory, this modehisn examined empirically to evaluate
how these practices affect employees’ performamecetheir quality of work life in an

organization.



1.1. Background of work design practices

The Fordist-Tayloristic practice developed in tt@20’s broke away from the
then popular craftsmanship approach to manufagurifhis work design practice
optimized the way in which work tasks were perfodmie manufacturing to improve
productivity. Taylor (1911) proposed four principléen his book,The Principles of
Scientific Managementyhich formed the basis of this work design practi€he first
principle focused on replacing rule-of-thumb worlethods with methods based on a
scientific study of the tasks. The second princgephasizes the need to scientifically
select, train, and develop workers, rather thamddhem to train themselves. The third
principle focused on the cooperation of manageth tieir workers to ensure that the
scientifically developed methods were being folldwd-inally, the fourth principle
referred to the execution of work, wherein the nggma apply scientific management
principles to plan the work and the workers actupkrform the tasks. These principles
described the application of the scientific methodhe management of workers. The
Fordist-Tayloristic practice created a clear deiren of authority and responsibility by
separating planning from operations, which resultedmproved productivity (Forza,
1996).

The socio-technical systems (STS) approach degdlap the 1950’'s at the
Tavistock Institute of Human Relations providedoant of work design practice very
different from the traditional ‘Tayloristic’ approh (Trist & Bamforth, 1951, Trist,
1981). It proposed the introduction of autonomouskwngroups as the basic unit of

organizational design and emphasized the unityr@baration, execution, and control at



the lowest possible level in an organization (Hgeml., 1999). The STS approach
emphasized the joint optimization of the social &chnical systems of an organization
by providing a conceptual framework and methodoltmgnhance the overall systems
performance (Emery, 1959, Cherns, 1976, 1987). @pmroach was purpose-oriented
and addressed the whole system instead of the ggnebtiented or solution-oriented
approach of ‘Taylorism’, which addressed only paifrtthe system (Taylor & Felten,
1993; Taylor & Asadorian, 1985).

The origins of the LP system can be traced toTibgota Production System
(TPS) at Toyota Motor Company (Shah & Ward, 2007%Iwég, 2007), which
implemented the concepts of just-in-time (JIT) smgdonomation’. JIT emphasized low
cost production through the elimination of wastethe system (Monden, 1993; Ohno,
1988), whereas ‘autonomation’ — automation withuanhn touch — recognized workers’
diligence and ability; and therefore, entrustedntheith greater responsibility and
authority (Sugimori et.al., 1977). The LP approaeme to be known as ‘doing more
with less’ — less time, less space, less humanteféss machinery (Womack and Jones,
1996; Womack et.al., 1990). As shown in Figure fhis approach focused on achieving
higher profitability by reduction costs, rather rthikne traditional approach of increasing
price to increase profitability (Dennis, 2007). ld@pproaches advocate the latter to

improve profits, thereby giving customers bettealgy products at for the same prices.
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Figure 1.1. Key to profitability using a lean apjaich.

Each of the three approaches discussed above éhakstinct influence on the
organizational work design. However, a deeper Iesleals that STS and LP approaches
have more in common with each other as opposeldeté-ordist-Tayloristic approach to
work design. Table 1.1 illustrates the focus of S8 LP approaches, and the Fordist-

Tayloristic approach on organizational changes,agament role changes, and employee

role changes within an organization.

Table 1.1 A comparison of the STS/LP and Tayloragiproaches to work design

practice

STS/ LP approach to
work design

Tayloristic approach to
work design

Organizational 1. Open systems thinking 1. Closed systems thinking
Change 2. Product focus 2. Task focus
3. Semi-autonomous 3. Individual
groups; teams
4. Long term focus 4. Short term focus
5. Quality and quantity | 5. Quantity
Management 1. Participative and 1. Directive and competitive
Role Change collaborative
2. Empower employees | 2. Command and conquer
3. Encourage innovation| 3. Risk averse
Employee Role 1. Informed 1. Uninformed
Change 2. Assertive 2. Passive
3. Multi-functional 3. Single skill-set
skill-set
4. Empowered 4. Dependent

Adapted from Taylor & Felten (1993)




Organizational Change

In an integrated STS and LP approach to work deswpork practices are
developed as an ‘open systérand are based on a holistic view, which is gradih
systems theory (Von Bertalanffy, 1950). The boure$aof work practices are defined in
terms of the product focus; hence facilitating astespns thinking approach. Semi-
autonomous groups and teamwork is promoted in thppeoaches (Liker, 2004; Trist,
1981). Finally, the organizations implementing theegrated STS and LP approach to
work design have a long term focus and recognizk Qoantity and quality as measures
for products being manufactured.

On the other hand, work practices developed basethe traditional Fordist-
Tayloristic approach to work design are developsdadclosed system’, wherein the
focus is only on the technical component of orgatmmnal work design. The boundaries
of work practices are based on the task that [setperformed (Dankbaar, 1997; Taylor,
1911). The unit of control is the individual worke(Taylor, 1911). Finally, the
organizations implementing the Fordist-Taylorisipproach to work design have a short
term focus and only recognize the performance opleyees in terms of quantity

produced.

! A system that spontaneously reorganizes towardessta greater heterogeneity and complexity and
achieve a steady state at a level where theytdbdoswork (Bertalanffy, 1950)



Management role change

In an STS/LP approach to work design, the managerote is more participative
and collaborative. Managers require employees tticgzte in decision making on
issues that affect their work. They act as fadoita to collaborate with employees on
how best to implement the chosen decisions. Masag@power employees to innovate
and improve existing processes (Spear & Bowen, 198®%ler et.al., 1995; Huber &
Brown, 1991; Ohno, 1988).

On the other hand, work practices developed basdtie Tayloristic approach is
directive and competitive. Managers do not invokmployees in decision making,
instead provide them with instructions. Managerslteo be competitive since they are
always trying to achieve one’s departmental goa®n if it means compromising the
overall company goals. Managers like to have comver the decision making and are

risk averse (Dankbaar, 1997; Taylor, 1911).

Employee role change

In an STS/LP approach to work design, employeesnail informed about their
organization in terms of its social, technical am/ironmental components. They are
encouraged to be assertive and learn multiplesskdl that they can perform multiple
tasks in the future (Closs et.al., 2008; Denni)720Huber & Brown, 1991). Most
importantly, the employees are empowered to malsggdeand process changes if it
helps in both product and process improvementeotisgely (Ohno, 1988; Lawler et.al.,

1995).



On the other hand, work practices developed based Fordist-Tayloristic
approach to work design, the employees are unirddrnpassive, and possess only a
single skill-set. They are mostly dependent on rgameent to provide them with details

on how to perform their job (Briscoe, 1980; Taylb®11).

1.2. Research questions

The broad objective of this study is to providelear comparison between the
STS and LP approaches to work design and to explwepotential for synergistic
integration of work practices based on these twor@gches. More specifically, this study
aims to identify specific work practices from thetical arguments based on STS and
lean principles. A model of work design is thenpwsed to test the relationship between
the identified practices and to understand thecefié those practices on the employees’

performance and their quality of work life.

1.1.1. Research question 1

This research question is conceptualized basedthen definition of lean
production proposed by Shah and Ward (2007). Thefined lean as “an integrated
socio-technical system whose main objective is limieate waste by concurrently
reducing supplier, customer and internal variaffiliThe key word in this definition,
“integrated socio-technical system,” provides arsvasr to the question raised by
Dankbaar (1997) — can STS be subsumed under theteduction approach? However,

apart from this definition, there is no researampeical or anecdotal, that provides an



explanation of how these two different approaches lean and STS) can be combined
together in terms of an integrated work design.

At best, studies by Niepce and Molleman (1998) Badkbaar (1997) evaluated
lean production against the STS design principtepgsed by Cherns (1987). The results
of this comparison showed irreconcilable differendetween the two approaches. A
study by Manz and Stewart (1997) provided a themketmodel which addressed the
potential for synergistic integration of the STRId@an practices to attain organizational
flexibility and stability. However, they concludéat “a clear understanding of the
theoretical principles underlying both STS and T@&h help researchers focus more on
the integration of these two important approacHes’ 68). This study identifies work
practices based on the approach used by Liu €2@0D6). Thus the research question:
What work practices integrate the socio-technical ystems and lean production

approaches to organizational work design within maafacturing?

1.1.2. Research question 2

Critics of LP argue that lean is not any differémm the Tayloristic approach
(Bruno & Jordan, 2002; Dankbaar, 1997; Berggre®4i®abson, 1993). They refer to
LP as “High-Fordism” (Dohse et.al., 1985), “Neo-Taism” (Dankbaar, 1997), or
“mean production” (Babson, 1993). In fact, accogdia most critics, LP has revamped,
intensified, or maintained some of the definingredats of Taylorism, and has lead to a
lower quality of work life (Parker, 2003; Dankbad®97). For example, the multiple
tasks are variations of similar simple jobs witlrsér training requirements, representing

multi-tasking rather than multi-skilling (Delbridgat.al., 2001). Employee participation



in decision making is suggested to be very limi(Beérggren, 1994). Team working

environment, portrayed as being positive by adwx;ahas been argued by critics to
exploit peer pressure to facilitate the processtnsification (Bruno & Jordon, 2002,

Babson, 1993).

On the contrary, proponents of the STS approagheathat optimization of the
social elements (human interaction) with the tecainelements (processes, technology)
within an organization can lead to humanizatiorwofking conditions and improve the
quality of work life for employees (Hyer et.al., 99 Applebaum, 1997; Trist &
Bamforth, 1951). Thus, if LP and STS approachesehtawo different perceived
outcomes, it is important to understand the effeftthe integrated work design on the
quality of work life of employees. Thus the resdaguestionWhat are the effects of

the identified organizational work practices on empoyees’ quality of work life?

1.1.3. Research question 3

Proponents of LP have touted unanimously that eminting lean practices has
usually resulted in improved employee performanegarding quality, delivery
reliability, productivity, and cost (Narasimhan aét. 2006; Shah and Ward, 2003;
McLachlin, 1997; Sohal, 1996; Katayama & Bennet9@;9Krafcik, 1988). Critics of
STS, on the other hand, have doubts about theisaiiiity of employee performance
when using the STS approach (Kuipers et.al., 20@dmack et.al., 1990; Womack &
Jones, 1996). Since there are concerns about penfme outputs between LP and STS

approaches, it is important to understand whatcette integrated work practices have



on employee performance. Thus the research quedtvat are the effects of the

identified organizational work practices on employe performance?

1.1.4. Research question 4

The increased use of work groups (teams) in th® &1d LP approaches to work
design requires that greater importance be givehaalesign and implementation of the
appropriate level of task interdependence (Wagem&95; Saavendra et.al., 1993;
Thompson, 1967). More specifically, since the focos work performance in
organizations has shifted from individuals to tegiriker, 2004; Shah and Ward, 2003;
Sohal & Egglestone, 1994), it is imperative thanagers consider task interdependency
when evaluating employee productivity (Treville aAmtonakis, 2006; Seibert et.al,
2004; Kozlowski and Bell, 2003). To this end, tkisidy will assess the effect of task
interdependence on the relationship between emmpogrdrand employee performance.
Thus the research questiomiow does task interdependence affect employee

performance?

1.3. Structure of the dissertation

The remainder of this dissertation is organizetblsws. Chapter two provides a
literature review of three different research stieahat are pertinent to the formulation
of the research model. The bulk of this chaptersiis of an extensive review of STS
and lean literature. Organizational behavior arglgieliterature is used to identify work
practices that affect quality of work life and eoyse performance. Specifically, it

focuses on the following work practices are disedsaniddle management support,

10



employee involvement, employee empowerment, ariditasrdependence. Operations
management literature is used to identify and desccommonly used technical
practices. Human resource management literatuosead to review the quality of work
life outcome.

Chapter three provides the theoretical argumentshie conceptualization of the
research model. It contains the research modelchwiiiustrates the relationships
between the identified work practices and the twittomes (i.e. employee performance
and quality of work life). Lastly, a rationale feach hypothesis in this research model is
provided.

Chapter four includes the research design, wittaideof the qualitative and
guantitative procedures and methods used to tesetearch model. More specifically, it
contains information on the unit of analysis, keformant, target sample frame, sample
size, and the method for survey administratioraddition, this chapter also contains the
description of measures for constructs used im¢bearch model.

Chapter five contains the results of the data ymesl More specifically, it
contains the description of the respondent sampisessment of the constructs
measurement properties (i.e. construct validityialodity, descriptive statistics) and
issues related to potential problems due to commethod bias. In addition, this chapter
also contains the assessment of the structural Ineodethe results of the hypotheses
tested in the model.

Finally, chapter six contains a summary of thissdrtation. More specifically, it

contains the key findings from the data analyshs, ¢ontribution of this study to
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academics and practitioners. Finally, it also cmstahe limitations and directions for

future research, and the concluding thoughts oétlbor.
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CHAPTER 2. LITERATURE REVIEW

2.1. Socio-technical systems

2.1.1. Origins of socio-technical systems

The socio-technical systems (STS) approach tonargional work design was
developed in the early fifties at the Tavistocktibuse of Human Relations in United
Kingdom, as a result of the labor unrest and tsampointing productivity in the British
coal mines (Dankbaar, 1997; Trist & Bamforth, 1950he goal of this approach was to
propose a work design that achieved two valueshthmeanization of the workplace by
redesigning of jobs, and the democratization ofwiloekplace to enhance organizational
performance (Emery, 1959). The STS approach imrtedgifound home in Europe, as
there was a lack of ‘quality of working life’ valuat the time, and the labor and
management were always in adversarial modes.

Different groups in Europe became interested is tiew approach for different
reasons. As the region’s manufacturing industryiteland expanded after World War 11,
companies were faced with severe labor problengs @éficulty obtaining and retaining
staff). The engineers and technologists were ptedewith new design options which
involved development of flexible and friendly pration systems. Ergonomists started
investigating the man-machine interaction. Thesildeconditions allowed for the
research, development and propagation of the Sp®agh to work design.

The STS approach to work design permeated selzeralpean countries during
the early sixties and seventies. In Norway, agélkalt of a three-phased program for the

implementation of STS, a law on working conditiomas established that gave workers
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the right to demand jobs based on the STS prireipfegood work practice. Sweden
followed suit and enacted a law that democratizedking life. The French government
introduced legislation requiring employers to destoate how they had improved
working conditions and how they proposed to imprékem further. A program for
humanization of work was introduced by the Germamistry of labor and of science and
technology that emphasized the development of atdscand minimum requirements for
machines and workplaces, the development of teogred to meet human requirements,
and models of organization of work based on the @m8lysis used in Britain and
Norway (for more details see Mumford, 2006).

In the seventies, the decline in U.S. productidtye to unsatisfied employees in
the seventies aroused interest in the STS apprmachganizational design (Mumford,
2006). Government and private foundations fundeghmizations such as the Center for
Quality of Working Life, Work in America Institutegnd American Productivity Center
to foster labor-management cooperation in orgaimzat change, and to conduct
research on national policies and issues relatepiadity of work life (Taylor & Felten,
1993). In addition to these organizations, manyustdes experimented with this
approach to improve their continuous processestebiglts of which were mixed (Taylor
& Felten, 1993).

Socio-technical systems provide a conceptual fraonle for the identification
and management of human factors in technical enmemts (Trist, 1981; Trist &
Bamforth, 1951), and a methodology for the redesajnwork practices in an

organization to enable more effective integratibrhoman and technological resources
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(Cherns, 1979, 1987; Cleggs, 2000). The STS apbremsphasizes the autonomous
work groups as the basic unit of organizationaligiesand highlights the unity of
preparation, execution, and control at the lowessfble level in an organization. An
extensive review of organizational design literatueveals that the STS approach has
never been operationally defined (Walker et.alQ80At best, it has been described as a
holistic ‘open systems’ approach to organizatiomebrk design (Emery, 1959;
Bertalanffy, 1950).

Researchers have taken two approaches to exgdaTi. One set of researchers
has described STS as an aggregation of interag@mts in an organization - social
subsystem, technical subsystem, and environmembalystem (Trist & Bamforth, 1951,
Emery, 1959; Taylor & Felten, 1993). The othercfatesearchers has described STS as a
set of principles (Davis, 66; Cherns, 1976, 198I&gG, 2000). The “interacting parts”
description provides insight into ‘what’ elemenfswork design that make up the social
subsystem and the technical subsystem. As a getmaiiples, STS provides insight into

‘how’ an organization achieves synergy betweeteitbnical and social systems.

2.1.2. STS as an aggregation of interacting parts

Various work models based on the STS approachidemthat organizations are
made up of three components: social subsystermitadtsubsystem, and environmental
subsystem. As seen in Table 2.1, the social sulrsystncompasses individuals’
aptitudes, attitudes, beliefs, and relationshijpsh lvithin and between groups (Carayon,
2006; Shani et.al., 1992; Pasmore, 1988). The teehsubsystem encompasses how

things get done. More specifically, it consiststobls, techniques, devices, artifacts,
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methods, configurations, procedures, technologg, kamowledge used by the individuals
in an organization to acquire inputs, and transfamputs into outputs (Wilson, 2000;
Smith & Carayon, 1995; Shani et.al, 1992). The mmmental subsystem consists of
several subsystems (Pasmore, 1988). It frames afahdes the social and technical
subsystem interfaces with various internal and reslestake holders, such as internal
politics, physical environment, organizational cilotis, customers, competitors,

government, regulators, and societal and cultuedsures.
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Table 2.1 Work models based on the STS approach

Components of STS

Authors Social Subsystem Technical Subsystem Environmental
Subsystem
Wilson, 2000 | e Other people e Task e Environment
(cooperative e Hardware and (setting
People interact interaction) software (interface interaction)
with..... e Remote agents interaction) « Society, finance,
(temporal and e Structure, policy, | and politics
spatial interaction)| and roles (contextual
e Supply chain (organizational interdependence)
(logistical interaction)
interaction)
Smith & e People e Task e Physical

Carayon, 1995

Tools/technology

environment
Organizational

Individuals conditions
interact with...
Hendrick & e Personnel sub- e Technological e Internal and
Kleiner, 2001 system subsystem external
e Task and environment
organizational
design
Rasmussen, | e Staff involved in | ¢ Productive e Company
2000 planning work processes and interacting with
e Management plans work performed various
operations and by operator regulations
supplies resources e Government
Moray, 2000 | e Individual e Physical devices | e Organizational
behavior and physical and managemen
e Team and group ergonomics behavior
behavior e Legal and
regulatory rules
e Societal and
cultural
pressures

Adapted from Carayon (2006)
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Mutual causality. It is seen that the social and the technical ysibss are
mutually independent with respect to their origifitie social subsystem follows the
principles of human sciences (e.g. sociology & psyagy), while the technical
subsystem follows the laws of natural sciences. @gmistry, physics & mathematics)
(Baba & Mejabi, 1997). However, according to Tr{d©981), the two systems are
correlated, in that one needs the other for thestoamation of an input into an output.
Thus, while the systems are causally independeey, dre interdependent in action.

Joint optimization. The proponents of the STS approach to work desgeve
that the overall performance of the system depestdon the optimization of a single
subsystem, but rather the joint optimization of #oeial with the technical subsystems
within the context of the given environmental swgisyn (Baba & Mejabi, 1997, Taylor
& Felton, 1993; Taylor & Asadorian, 1985; Caray@®06). Figure 2.1 illustrates this
concept of joint optimization. The combined optimwalue for the integrated socio-
technical system is greater than the individualinopin value of each system taken

separately.
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RESULTS ARE BEST WHEN THE TECHNICAL SYSTEM
AND SOCIAL SYSTEM ARE JOINTLY OFTIMIZED

Combined
Sociotechnical
Results

Technical Social
Systom System

Technical Approaches == B - Organizational Approaches

FROCESS ALTERNATIVES

EFFECTIVENESS OF WORS PROCESS

[N SRS .

Adopted from Taylor and Asadorian (1985)
Figure 2.1. Joint optimization of the STS approach

2.1.3. STS as a set of principles

In order to design a work system which jointlyioptes the social and technical
subsystem within an organization, researchers ulated the STS approach to
organizational work design through a set of pritespCherns, 1976, 1987; Trist, 1981;
Clegg, 2000). Cherns (1976) compiled a set of mneciples based on the concepts
distilled from the early work of researchers at Tlawistock Institute of Human Relations
(Trist & Bamforth, 1951; Emery, 1959, Emery & Tri4072) to facilitate in work design
based on the STS approach. In order to incorpohatehanges in the business climate
over time, Cherns amongst others (Trist, 1981; &l€2P00) revisited the principles
articulated to facilitate the joint optimization thfe social and technical subsystem within

an organization. These researchers believed tinaaor revised set of principles was
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needed to reflect the STS approach to work designtd the effect of globalization,
newer technologies, and newer breed of workers.

Trist (1981) extended the earlier work of Cheryspiboviding clarity for STS
principles according to the level of implementat{erng. work system, organizational, or
societal). Clegg (2000) explicitly provides prinieip that capture the design issues based
on these different levels of implementation. Thetay@inciples provide a systemic
worldview for design considerations, the contenig@ples focuses on specific aspects of
the content of the new system, and finally the esseprinciples emphasize an overall
process of design.

Cherns (1987) revised his earlier set of pringgdg including two new principles
(power and authority, and transitional organizatjprwhile removing one (design and
human values). He suggested that this latter pi@cinderpins all of the other principles
and hence needed to be dropped. The principlewépand authority was added to make
sure that top management does not misuse informatiotake charge of a situation
remotely; instead, they should provide people at firefront with not only access to
pertinent resources, but also with the authorityctmnmand them. The principle of
transitional organization emphasizes that membiktiseodesign team are engaged in the

process of change within an organization.

2.1.3.1. STS principles based on the works of Cherns

Compatibility. This principle emphasizes that the systems dgsigoess should
be consistent with the goals of the design (Chd®g6, 1987). The design process

should involve employee participation; and more omgntly, the responsibility for
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planning and designing of the system should regtstive people who manage and use it
(Hyer et.al., 1999). Being a participatory procesmflicts will arise as it is difficult to
satisfy all aspects of the design objectives. Themeflicts can be resolved through
consensus, wherein each participating member pesvidtionale and assumptions to
either support their point of view or refute someaise’s. The degree of compatibility
between the process and the desired outcome adhikveugh the participation of
employees determines how well the other principlesimplemented.

Minimum critical specification. This principle deals with specifying the ends but
not the means while undertaking a task. This ppiednas two aspects. Firstly, specify no
more than what is absolutely essential. Secondlgntify only what is essential and
critical to the successful completion of the ta€lhérns, 1976, 1987). In other words,
determine what has to be done, and thelmow to do itshould be left to the individuals
or the team performing the task. This approach @mges employees to use their
creativity and previous experiences to adapt touanstances (Huber & Brown, 1991;
Beglund & Karltun, 2007). Once the performanceecid are set, much of the detailed
design should be determined by the employees whnplete the task (Hyer et.al., 1999).

Variance control. This principle suggests that the unexpected deviatirom the
standard operation procedures, plans, or routineslad be controlled as close as possible
at its point of origin (Cherns, 1987). Cherns reaed this principle from its earlier name
‘sociotechnical criterion’ to incorporate and bring surface the inefficiencies in an
organizations’ method of controlling key variancasd also lay emphasis on how to

improve it. Variances result from the inabilityehployees to either identify the cause of

21



the variance or correct the cause. Hence work mystehould be designed such that
errors can be identified, controlled and corredietbre they are fed downstream (Closs
et.al., 2008; Hyer et.al., 1999). For example, ipalkeed not be inspected in a product; it
needs to be built into the product (Huber & Browf99).

Boundary location. This principle states that boundaries, be theycsiral or
just an artificial demarcation, should be determdibb@sed on a logical process criterion
(Hyer et.al., 1999; Huber & Brown, 1991; Cherns84P The boundary location should
be determined such that it does not impede tharghaf information, knowledge and
learning within an organization. The boundariesusthmot be drawn in the middle of a
process; rather they should encompass tasks tleatteanporally, sequentially, and
technically related to each other (Carayon, 200g&rHet.al., 1999). In other words, the
structures should fit the process and not vicear@fdegg, 2000).

Information flow. This principle refers to the flow of work relatedormation to
individuals who need it most to complete their {asKCherns, 1987; Hyer et.al., 1999).
Information flows should allow for three basic pospes: (1) controlling - help monitor
the behavior of workers; (2) recording - providenagement with comprehensive and
detailed information of various operations withine tplant/department/work unit; and (3)
actionability — provides a feedback mechanism tatrod for variances (Huber & Brown,
1991). Depending on its purpose, information fldwawdd be directed towards those who
need it first and to be able to act on it (Chelr®87).

Power and Authority. This principle refers to the ability of employeesaccess

and exercise authority over resources in ordemtoyoout their responsibilities (Cherns,
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1987). In addition to authority and power, thisngiple also focuses on the issue of
ownership of responsibilities and accountability aftions. Employees are made
responsible for completing a task successfullylevhiso being held accounTable for the
appropriate use of the resources to complete #ke(Gloss et.al., 2008).

Multi-functionality. This principle refers to the practice of developimgrker
skills through training so that they could be meggponsible for multiple task(s) within
their unit (Cherns 1976, 1987). The workers aresaan as expendable and functional
redundancy can be reduced by having multiple tdiskcation. Organizations in fast
changing markets needing product and process flgxidfocus on the multi-
functionality of their workforce (Huber & Brown, 99; Closs et.al.,, 2008).
“mechanisticorganizations would achieve flexibility by hiringpecialists and experts,
while ‘organic organizations would achieve flexibility throughaining employees to
be able to perform multi-tasks (Cherns (1987).

Support congruence. This principle refers to the social support stroetthat
should be designed to reinforce the behaviors whigh organization structure is
designed to elicit (Cherns, 1976, 1987). Sociapsupstructures such as reward systems,
the selection process, training policies, confliesolution mechanisms etc should be
consistent with the objectives that govern the gitesif the work system (Hyer et.al.,
1999). As newer systems and subsystems assimi&teolder pre-existing ones, the
process of change can be made smooth for empldyekaving the appropriate support

structures (Closs et.al., 2008).
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Transitional Organizations. This principle refers to the transitional process
redesigning an organization from an older tradalosystem to a newer philosophy of
management that is based on socio-technical sysising design teams (Cherns, 1987).
The design team and its processes are viewed &degebf transition and it is important
that the design team and the processes thereitved/an the change, do embody the
values of socio-technical systems principles (Cktsal., 2008). The period of transition
requires a lot of planning and design. More impaita one must be careful that
‘experts’ do not exclude users of the system wdésigning and implementing it. This
could lead to loss of a vital learning opportunity users who end up using the new
system.

Incompletion. This principle refers to the efforts made to examicritique, and
improve a system the moment it is implemented. éystdesign is an iterative process.
That is, there is no such thing as a final des@imefns, 1987). At the end we are back at
the beginning. There is no state of equilibriumalfdity is desired, but the organization
must continue to review and revise its design tiecethe appropriate changes due to the
changing environment (Huber & Brown, 1991, Closslgt2008). There is always a
better way of doing things. Everyone must be ablagpreciate that the design is never

finished — it is always incomplete.

2.1.3.2. STS principles — based on the works of Clegg

Design is systemic.This principle states that there are certain irdpethdencies
between the social and technical subsystem thatrmoaye apparent when designing a

new system. There may be unintended consequencéseirsocial and/or technical
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subsystem for systems design change initiativeaiorganization. According to Clegg
(2000), “some of the consequences may only becdme@ws when the system is in
operation.”

Values and mindset are central to desigmhis principle focuses on the notion
that system designers should consider employeessasts (and not costs), while
technologies (and techniques) are the tools to atipgmployees in completing their
task(s). Designers should create a system that seekan appropriate balance between
human and technological activities. According teddj (2000), employees should not be
designed out of the system as soon it is technoddlgi feasible; and a command and
control approach should not be adopted to manaaga thhen it is not possible to design
them out of the system. Instead, one must challéhgeexisting status quo by asking
guestions such as: “why are we using technologynttertake this task?”, “What are the
roles of human in this system?”, “what alternativays are there of configuring the
work?”

Design involves making choicesThis principle emphasizes that choices exists
on all dimensions in the design of a sociotechrsgatem (Klein, 1994) and that they are
not necessarily independent of each other. For plegma decision choice made in the
technical subsystem may influence the social suesyand vice versa. Being dependent
does not mean that these choices are determindstatioice is one area does not fully
determine a choice in another. According to Cl&f2p0), “choices constrain (but do not

determine) other choices”.
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Decision should reflect the needs of the businassusers and their managers.
This principle insists on evaluating a system inmte of how well it meets the current
needs of the users, the managers and most imgdgrtaatbusiness. Business needs may
change over time as a result of changes in theeh@tkce and changes in the strategic
direction. Users and managers need may changdimesas they develop new needs and
sometimes they may not even know what they wantoAting to Clegg (2000), a system
that focuses on the needs of the business, thegeenand its users’ has a better a
performance than companies that do not.

Design is an extended social proceskhis principle states that systems design is
not a one-off thing that has a definite ending. The processystems design continues
beyond its implementation and throughout its usapke, who use, maintain, evaluate,
and upgrade the system, continuously interpraiignd it, massage it, make adjustments
as they see fit, and eventually (re-)configure@iatcomplish their task(s). This principle
also brings out the social nature of the desigrcgss, in which various stakeholders
(internal to an organization) help shape and madedesign choices over time.
According to Clegg (2000), “different people wiliterpret the system in different ways,
and there needs to be structures and mechanismsgthiwhich views can be aired,
recognized, and recorded.”

Design is socially shapedThis principle is an extension of the above prifecijit
makes explicit that design is shaped by a rang®oill partners over time. In the earlier
principle, the stakeholders referred to people witAn organization (i.e internal

stakeholders), however in this principle stakehddeould be external to the

26



organization. In addition to external stakeholdsystems design could be shaped due to
the following: fad and fashion of the time, purstotlead, or respond to market and
competitive pressures, and government mandates.

Design is contingent. This principle acknowledges that design choices are
subject to contexts and do not have universal egiplity. There is nhodne best way
System designers must consider under what circunoesa systems design would
improve overall performance before designing anplémenting a new system.

Core processes should be integratedhis principle emphasizes the importance
of designing integrated core processes. The boiewdaf the core processes should be
based on logical process criterion before consiaera of how they will be managed,
controlled, and supported (Cherns, 1976, 1987uc8ire fits the process, and not vice
versa (Clegg, 2000).

Design entails multiple task allocations betweendammongst humans and
machines. This principle focuses on identifying the continges under which the
following forms of work organizations are optimtdsk allocation amongst humans, task
allocation between hardware and software, and #dlsication between humans and
machines. System designers should conduct a feysgiudy to determine which form
of work organization fits in a given situation. Fhehould calculate the cost of
automation, find out the health and safety impiaa of allocating decisions, and
determine the characteristics of the task itsetbigeimplementing a particular form of

work organization.

27



System components should be congruefithis principle emphasizes on the set
of working arrangements that are needed to be cengrwith the goals of the new
system and its practices. The working arrangemeottonly include the social support
structure (e.g., payment and reward system, sefesiistem, work measurement system,
performance assessment system) but it also coegiuetechnical support structure (e.qg.,
information and control system). According to Cletigese working arrangements do not
necessarily influence the outcomes of the new sysbeit that the new system could get
assimilated into the older system and its set akimg arrangements.

Systems should be simple and make problems visibleis principle focuses on
the concerns regarding the ease of use, ease efatadding, and learnability of a new
system. Systems should not only be designed swathtliby are simple to explain and
communicate, but also are very powerful in thefe@s. This principle also suggests that
once a problem is detected, resources should beas#id immediately to resolve the
quality issue.

Problems should be controlled at source.This principle states that any
deviations from the ideal state should be contdode its point of origin (Cherns, 1976,
1987). According to Clegg, the need to control prois at their source, allows for
people to take control over problems they face.yTlearn to perform better through
exerting control and by anticipating and solvinglgems.

The means of undertaking tasks should be flexiblgesified. This principle

emphasizes instructions that are given to the eyeploto perform a certain task. Specify
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no more than that which is absolutely essentiatofding to Clegg (2000), “whilst the
ends should be agreed and specified, the meankighail

Design practice is itself a sociotechnical systefihis principle states that design
teams that undertake design projects should theeséle designed in accordance to the
STS principles. The design process itself is subgedo both social and technical
changes.

Systems and their design should be owned by theanagers and users.This
principle emphasizes the relationship between tgt®m of ownership and appropriation
of a new system within an organization. It is fouhdt different forms of expertise are
involved at different stages, undertaking differesttivities while designing and
implementing a new system. According to Clegg (300@ performance of the new
system is best when the same person is resporisiblee design, implementation, and
use.

Evaluation is an essential aspect of desigifhis principle refers to the concept
of systematically evaluating a new system agaimstadriginal goals it was supposed to
achieve. The evaluation should encompass a widgerahsocial, technical, operational
and financial criteria. More importantly, evaluatsoshould be viewed as an opportunity
for learning Clegg (2000).

Design involves multidisciplinary education. This principle focuses on the
relationship between the effectiveness of a newesysdesign with the amount of
knowledge possessed by the team that designetiateffectiveness of a new system is

only as good as the knowledge possessed by the deaigning it (i.e. a team having

29



partial knowledge will design a system that is godytially effective). Multi-disciplinary
education allows members of a team to educate @heln in the complexities of designs,
and also foster creative and innovative solutions plboviding a multi-disciplinary
understanding of design need.

Resources and support are required for desigihis principle refers to the
investment in resources to design a new systenoURess include elements from both,
the social (e.g., time, effort, knowledge, expertend skills of employees) and the
technical (e.g., method, tools, techniques, destgictures and mechanisms) subsystem
within an organization. According to Clegg (2000¢sources related to time and
expertise become crucial when they are investaardesign of a new system which is
owned and appropriated by the people who will ugkraanage it.

System design involves political process@is principle highlights the need to
recognize the political nature of change. Variotekesholders of a given system are
always concerned over its design and implementatmanagement and use, and
evaluation changes. According to Clegg (2000),fédént perspectives on change should
be respected and need to be addressed”. In addigoi@in mechanisms are put in place

to handle the debate on the different perspectebange.

2.1.4. Comparison between Cherns’ (1987) and Cleggs’ (2008TS principles

Based on an extensive review of the STS literatuoeks of Cherns (1976, 1987)
and Clegg (2000) stand out as they provide a comgmsve set of principles for
designing and implementing organizational work gessystems based on the joint

optimization of the social and technical subsystemithin an organization. These
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principles can be applied at both strategic andaijmaal levels in an organization (Hyer
et.al.,, 1999; Berglund & Karltun, 2007; Closs e}.a2008). However a careful
examination of Cherns (1987) and Clegg (2000) &eesign principles reveal that these
principles are in no way blueprints or design rules strict adherence for the
development of a socio-technical system. Insteadetlprinciples are for the most part,

prescriptive and are offered as a checklist forkngyistem design.
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Table 2.2 Theoretical comparison of STS principlesed on works of Cherns (1987) and Clegg (2000)

Design Principles

Clegg (2000)

Cherns (1987)

Meta-Principles P4

Content-Principles

Process-Principles

Compatibility: The process of
designing a system must be
compatible with the goals of the
design

Design is systemic | 9

Design involves
making choices

Design in contingent

Design entails multiple
task allocations betwee
and amongst humans
and machines

n

Evaluation is an important
aspect of design

Systems and their design
should be owned by their
managers and users

Minimal critical specification: In 11 | Systems should be
the design of jobs, specify no morg simple and make
than what is absolutely essential problems visible

. _ . 12 | Problems should be
Varl_ance Control: Work IS i controlled at source )
designed to control variation
(deviation from the ideal) as close 13 | The means of
as possible to its source undertaking tasks should

be flexibly specified

Boundary condition: This should 8 | Core processes should

be determined based on logical
process critereon

Information flow - Work related
information flows to one who need
it most to complete their task(s)

n

be integrated

Power and Authority: Ability of
employees to access and exercise
authority over pertinent resource
(technical & Social) to carry out

responsibilities

Values and mindsets
are central to design

32

Resources and support are
required for design




Support Congruence: Social
support structures such as reward

systems, selection process, training

policies, conflict resolution
mechanisms, work measurement
and performance assessment is
designed to re-inforce behaviors
which the organization structure is
designed to elicit

10

System component
should be congruent

Transitional organization: 5 | Design is an extended 14 | Design practice is itself a
Involve people who use the system social process sociotechnical system
to re-configure the_ old system into|a Design is socially -
newer more effective and user
) shaped
friendly system
Incompletion: Examine, critique | 4 | Design should reflect
and improve the system the moment | the needs of the
it is implemented business, its users - -
and their managers
Multi -functionality: Workers are
made responsible for multiple tasks - - -
within their unit
17 | Design involves
multidisciplinary education
l - - 19

Systems design involves
political processes
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Table 2.2 demonstrates how Clegg’s (2000) set efarrinciples, content-
principles, and process-principles for organizalotiesign are not free standing. These
principles can be associated with Cherns’ (1987)o$den design principles. Cherns
principle of compatibility is associated with thallbwing meta-, content-, and process-
principles suggested by Clegg: design is systemdsign involves making choices,
design is contingent, design entails multiple tadlocations between and amongst
humans and machines, evaluation is an essentiatiasp design, and system and their
design should be owned by their managers and uSéexns principle of power and
authority is associated with the following meta-dgorocess- principle suggested by
Clegg: values and mindsets are central to designr@spurces and support are required
for design. Cherns principle of support congrueand information flow is associated
with Clegg’s content principle, system componerduttt be congruent. Cherns principle
of incompletion is associated with Clegg’'s metarpiple of design should reflect the
needs of the business, its users and their manaGéexns principle of transitional
organizations is associated with the following metiad process principles suggested by
Clegg: Design is an extended social process, desigsocially shaped, and design
practice is itself a sociotechnical system. Chepngciple of boundary location is
associated with Clegg’'s content principle of corecpsses should be integrated. Cherns
principle of minimum critical specification and vemce control is associated with the
following content principles suggested by Cleggstegns should be simple and make
problems visible, problems should be controlledairce, and the means of undertaking

task should be flexibly satisfied. Clegg’s procgssnciple of design involving
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multidisciplinary education and systems design inwe® political process is not explicitly

mentioned in Cherns set of 10 design principles.

2.2. Lean production perspective
2.2.1. Origins of lean production

Lean production can be traced back to the ToyotsoMCompany and Toyota
Production System (Holweg, 2007; Shah & Ward, 200fno, 1988). Formed out of
sheer necessity rather than by intended desigmtad§roduction System (TPS) evolved
as an alternative to the then existing mass prasludystem (Ohno, 1988). TPS was
Toyota’s response to overcome the three dauntiafieciges it faced after World War Il:
1) catering to the needs of a domestic market whiak not only small but demanded
high product variety, 2) inability of the capitatasved company to make huge
investments in western technologies, and 3) comgewith well-established foreign
brands such as General Motors and Ford (Cusum&®&%).1This concept proved very
successful and came to be generalized as leangironlu

In an endeavor to produce large variety in smalumes, reduce costs and
eliminate waste, Ohno (1988) laid the foundationBfS by implementing ‘just-in-time
production” (JIT) and ‘autonomation’. The concept &IT emphasized low-cost
production through the elimination of waste in thgstem, and the concept of
autonomation — automation with a human touch —geized the diligence and ability of
the workforce by entrusting them with greater remspaility and authority. Ohno applied

his ‘common-sense approach’ to the then existinthateof mass production. He argued
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that production in large batches resulted in higheentory, larger warehousing needs,
tied-up capital, and most importantly, made it idift to accommodate customer
preference for product diversity (Holweg, 2007). resolve these issues, Ohno initiated
production in small batch sizes. Shingo’s developnté the concept of single minute
exchange of dies (SMED) made it economical to pcedin small batch sizes and
facilitated in the implementation of the TPS.

TPS was an implicitly communicated production sgstwhich remained internal
to Toyota plants until the mid-sixties. It was faity documented for the first time when
Toyota rolled out the ‘Kanban’ system to its supgiin Japan. The western world began
noticing Toyota Motor Company in the early eightben the International Motor
Vehicle Program (IMVP) published a report statirtte trising threat of Japanese
automobile imports in the United States. It wasruthe phase-2 of the IMVP research
that practitioners and academicians became aware 9f

Aimed at describing and measuring the gap betwden western ‘mass
production” system and TPS, this research provideduable insight into the
manufacturing practices of TPS and found evidehe¢ TPS outperformed the western
‘mass production’ systems. A study conducted byfd{ka(1986) as part of the IMVP
research showed that the NUMMI plant, a joint veatbetween GM and Toyota,
achieved a productivity level more than 50% higthan that of any other GM plant with
similar technology in the U.S. In a follow-up stud§rafcik (1988) used the word “lean”
instead of the IMVP terminology of “fragile” to daify companies according to their

production management philosophy. Subsequently, @étnet.al., (1990) used the term
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“lean production” to contrast TPS with the Westémmass production” system in their
book, “The Machine that Changed the World”. Fig@r2 summarizes the development

and recognition of lean production.

Toyota  Motor| Ohno Joins theé Toyota Shingo Is| Formal
Company automobile Motor hired as an documentation
formally formed | business and Company external of TPS when

implemented the split after| consultant Kanban
foundations  of World War Il | and develops systems rolled

the Toyota the concept of out to suppliers
Production SMED
System (TPS)
1937 1948 1950 1955 1965
QOil Crisis
1973
IMVP  phase-1] Conclusion of the IMVP phase-| International | The IMVP
research initiated IMVP  research 2  research assembly benchmarking
published in the initiated benchmarking terminology
book "Future of results fragile’  was
the Automobile” presented by replaced by the
Krafcik term 'lean’
1979 1984 1985 1986 1988

Womack et.al. wrote the book, "Machine that chanipedworld" and popularized the
concept of TPS as "Lean production”
1980

Figure 2.2. Timeline depicting the origin of legroduction

The 80’s and 90’s saw a rise in both the concétad empirical understanding
of the TPS concept. This provided valuable insigint® different aspects of lean
production, especially its practices. The workdviminden (1983), Pegels (1984); Lee &
Ebrahimpou (1984); Schonberger (1986), Ohno (198&yker (1994), and Spear &
Bowen (1999) introduced the broad concept of JI@ #me practices therein to the

western world. Monden (1983) provided a list of pirRctices related to the shop floor
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activities. Pegels described aspects (practicesJR$ which were applicable to the
assembly lines. Lee & Ebrahimpour described thectmes needed for the

implementation of JIT. Schonberger (1986) stressehy of the same shop floor
practices as Monden and also included employedverent, preventative maintenance,
and quality Barker described a structured method to createegntliate a value stream
map to differentiate between value and non-valudeddactivities. Spear & Bowen

(1999) decoded the DNA of the TPS and proposed afdeur rules which emphasized
the usage of certain lean practices.

Empirical research on the TPS concept providedjims into its dissemination
into the manufacturing sector throughout the wofltie work of Voss & Robinson
(1987), Suzaki (1985), and Sohal (1996) identifleel JIT practices used in the UK, U.S.,
and Australia. Sakakibara et.al. (1993) providdthieoretical framework identifying 16
dimensions of JIT, along with a theoretically valed survey instrument. Karlsson &
Ahlstrom offered a model that operationalized tliferent principles of lean to study
change processes when implementing lean in an izagam.

As shown in Table 2.3, there is no consensus @ynaistent set of lean practices.
There is a varying degree of frequency that eadhepractices and techniques selected
are considered in the studies reviewed. The pedcdtipull systems, production leveling,
production layout, setup time reduction, and crfosstionality are included most often,
while that of lean accounting, Hoshin planning ampowerment are referenced least
frequently in the literature. Lean production catnemean different things to different

people (e.g., managers, academics, and consultants)
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Table 2.3 Commonly cited lean practices and tegqis in operations management literature
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Lean Accounting Visual management, X
Practices Value stream
management,
Hoshin (kanri) PDCA cycle, X
planning Nemawashi, Catchball,
A3 thinking,
Standardized work Standard cycle times, X X
Standard routings,
Standard processing
Pull production Kanban X X X X X X X X X
Continuous flow Lot size reduction X X X X X
Heijunka — Level by volume, X X X X X X
Production Leveling | product type, or product
mix
Production Layout Cellular Manufacturing X X X X X X X X X X
Total productive Predictive and X X X X X X X X
maintenance preventative maintenanc
Setup time reduction SMED, Rapid tool X X X X X X X X X X
setting
Zero defects Poka Yoke X X X X X X
Visual Control Andon, 5S technique X X X
Continuous Go see for yourself X X X
improvement "Genchi Genbutsu”
Cross functional work Machine utilization X X X X X X X

practice

Cross training

39




Academicians and practitioners in the early pdrtthee twenty first century
focused their attention on providing an operatiodefinition for lean production that
would alleviate problems arising from a lack of eoon definition (Shah & Ward, 2007,
Dennis, 2007; Narasimhan et.al., 2006; Treville &tdkanis, 2006; Bonavia & Marin,
2006; Hopp & Spearman, 2004; Liker, 2004; Shah &&/&2003; Womack & Jones,
1996). Researchers developed good working defistiof lean production; however,
they defined lean from two different points of viewwne defined lean from a
philosophical approach, wherein the focus was smiinciples and overarching goals
(Treville & Antonakis, 2006; Narasimhan et.al., BQ®@ennis, 2007; Liker, 2004; Hopp
& Spearman, 2004; Womack & Jones, 1996). The qibet of view was based on a set
of management practices and techniques that catirbetly observed (Shah & Ward,

2003; Li et.al., 2005; Bonavia & Marin, 2006).

2.2.2. Philosophical approach to lean

As seen in Table 2.4, the common theme acrosscipk@s identified by
researchers defining lean from a philosophical epghn is that of elimination of ‘waste’.
Hopp and Spearman (2004) bring in clarity to themte'waste’ by explicitly
distinguishing between the obvious ‘waste’ resgltitom overproduction, waiting,
transportation, inappropriate processing, excesgsnitory, excess motion, and defects,
and the less obvious ‘waste’ resulting due to \mlitst. Treville and Antonakis (2006)
and Narasimhan (2006) concur with Hopp and Spedsmapproach to identify and
eliminate waste. Treville and Antonakis also empeathe value of respecting workers

in an organization.
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Table 2.4 Lean definitions based on a philosodraparoach

Authors

Definition of lean

Hopp & Spearman
(2004)

Production of goods or services is lean if it isaaplished with minimal buffering cost (i.e.,
inventory, capacity, and time) costs

Principle:
e Reduction in the buffering cost

Treville & Antonakis
(2006)

Lean production is an integrated manufacturingesyghat is intended to maximize the capacit
utilization and minimize the buffer inventoriesagiven operation through minimizing system

variability (related to arrival rates, processimgds, and process conformance to specifications

Principle:

e Maximize capacity utilization

e Reduce buffering cost (inventory reduction)
e Respect for workers

<

Narasimhan et.al.
(2006)

Production is lean if it is accomplished with mirilmvaste due to unneeded operations, ineffic
operations, or excessive buffering in operations

Principle:
e Minimizing waste by reducing unneeded operations
e Minimize excessive buffering

ent

Dennis (2007)

Lean Production is doing more witlsleless time, less space, less human effortiashinery,
less materials-while giving customers what theytwan

Principle:
e Provide customers with high quality products at msts in short lead times
e Produce the right item at the right time in thentiguantity

e Strive to have automation with a human intelligence
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e Standardization and stability of processes durnoglpction
e Engage workers in production planning and problelwiisg

Liker (2004)

No definition provided....
"lean is a philosophy that is defined by a setwéliopg principles (Lander & Liker, IJOP, 2007, |
3696)

Principle:

e Base management decisions on a long term philosepéty at the expense of short term gai
Create continuous process flow to bring problenthéosurface

Use "pull" systems to avoid overproduction

Level out the workload

Standardized tasks are the foundations for contimumprovement and employee
empowerment

Use visual control so no problems are hidden

Use only reliable thoroughly tested technology #&tes your people and process
Develop exceptional people and teams who will feli@ur company's philosophy

Respect your extended network of partners and mupgdy challenging them and helping the
improve

e Go and see for yourself to thoroughly understaedottoblem

e Become a learning organization through relentlefisation and continuous improvement

M

Womack & Jones
(1996)

Lean is defined as a five step process which ctnsfglefining customer value, defining the
value stream, making it "flow", "pulling” from treustomer back, and striving for excellence

Principle:

Specify value for the customer

Identify the value stream for each product

Make product flow without interruptions

Produce only what is pulled by the customers jusinne

Pursue perfection by complete elimination of waste
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The principles suggested by Womack and Jone86)18re the most frequently
cited list of lean principles found in the litere#u However, these principles do not
include an emphasis on the individuals that makéhepsocial subsystem that facilitates
the implementation and management of lean produdiself. Liker (2004) extended the
works of Womack and Jones (1996) by explicitly utthg the ‘people focus’ in his
principles. According to Liker, an organizatiorflesan’ not when it uses a variety of TPS
tools, but when it develops appropriate lean pples and practices them diligently.
Dennis (2007) provided a set of six simplified, geimprehensive, lean principles that
stemmed from the “house of lean” (Japanese ManageAssociation, 1980), a visual
description of the TPS. These principles differniréhe earlier works of Womack &
Jones (1996) and Liker (2004), in that they speallfy focus on shop floor practices of

lean production.

2.2.3. Practical approach to lean

As seen in Table 2.5, researchers (Bonavia & M&006; Li et.al., 2005; Shah &
Ward, 2003) have also defined lean production ims$eof the management practices

used to eliminate waste.
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Table 2.5 Lean definitions based on a practicgirapch

Authors

Definition of Lean

Shah & Ward (2003)

Lean Production is a multidimenal approach that encompasses a wide varietyaoigement
practices that can work synergistically to creas¢r@eamlined high quality system that produce
finished products at the pace of customer demattdlittie or no waste

Practice:

e Lot size reduction, continuous flow, pull productieetup time reduction (JIT bundle)
e Continuous improvement, quality management (TQMdben

¢ Predictive and preventative maintenance (TPM byndle

e Self directed work teams, cross functional emplsgdBM bundle)

Li et.al. (2005)

The practice of eliminating wagtest, time etc) in a manufacturing system, charad by
reduced setup times, small lot sizes, and pullycbadn

Practice:
e Setup time reduction, pull production, continuousldy improvement, lot size reduction

Bonavia & Marin
(2006)

Set of techniques and tools designed to increasi@dms competitiveness by systematically
eliminating all kinds of waste

Practice:

e Cross functional employees, quality circles

e Cellular manufacturing, group technology, setupetimduction, production leveling, pull
system

e Total productive maintenance

¢ Quality control, standardized work, visual control
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It is worth noting that every researcher has idietia set of different practices to define
lean. A study by Shah & Ward (2003) explains theltidimensionality of lean
production by providing a comprehensive list of mgement practices. These practices,
depending on their function, were then categorim¢d one of four bundles: Just-In-
Time (JIT), Total Quality Management (TQM), TotaloBuctivity Management (TPM),
and Human Resource Management (HRM). Li et.al. $2@&fined lean based only on
the JIT and TQM bundles. Bonavia and Marin (20@@yaborate the findings of Shah &
Ward (2003), that lean production is a multi-dimenal concept and to achieve the true
benefits of lean production, organizations mustlement appropriate practices from all

four bundles.

2.2.4. Reconciling the philosophical and practical approakes to lean

Lean principles provide an understanding of whiggh are done, and a basis for
judging whether an organization’s progress is iant with those principles. However,
the principles are abstract in nature; they arerjas/e fundamental assumptions that
are accepted as truth and used as a basis fomiegs@ractice, on the other hand, is the
observable facet of principles and is conceiveddwities or sets of activities that help
achieve the principles (Dean & Bowen, 1994). Hemeeagrder to fully understand lean
production, it is not only important that we undarsl the principles, but it is imperative
that we understand the practices and techniquesithe

Shah and Ward (2007) bridged the definitional lgefpveen the philosophical and
practical approaches to lean by explicitly definlegn as both a principle and a set of

practices (Table 2.6). They define lean as “angiated socio-technical system whose
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main objective is to eliminate waste by concurgeméducing or minimizing supplier,
customer, and internal variability”. This definmicallows for both the philosophical
theme of reducing waste and eliminating variahilggd also for the social and technical

practices needed to achieve the philosophical tlgec

Table 2.6 Lean production defined as a principid a practice

Lean production is an integrated socio-technicatesy whose
main objective is to eliminate waste by concurnergducing or
Shah & Ward minimizing supplier, customer, and internal varigyi

(2007) Principle Associated Practice
Eliminate waste (obvious and | Minimizing supplier, customer,
not so obvious) and internal variability

2.2.5. Principles of lean production

Researchers accept the fact that lean productasrbbcome a common if not an
integral part of the manufacturing landscape atbs& the globe in the last couple of
decades (Voss & Robinson, 1987; Sohal and Egglestb®94; Karlsson & Ahlstrom,
1996; Pannizzolo, 1998; Sanchez & Perez, 2001; ShaWard, 2003; Hopp &
Spearman, 2004). The benefits of lean implememtatoe well accepted by both
academicians and practitioners’ alike (Krafcik, 89%/omack et.al., 1990; Sohal, 1996;
Shah & Ward, 2003; Spear, 2004, Liker, 2004; Browyn& Heath, 2009). In this section
we will review the most widely applied lean prodantprinciples that are instrumental in
companies achieving the benefits from implementean production. These principles
provide an understanding of why things are dond, arbase for judging whether the

progress made is consistent with those principlesiorganization.
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2.25.1. Lean principles based on the works of Womack & Jore

Womack & Jones (1996) proposed five principles alvhformed the early
foundation of lean implementation in the westernldiAccording to them: (1) specify
value for the customer, (2) identify the value atnefor each product to distinguish
between value added and non value added activ{Bgsnake the product flow without
interruptions, (4) let customer pull value from r@ducer, and (5) pursue perfection by
complete elimination of waste. These five principleere specified at a philosophical
level, and could be applied to different businesstexts.

Specify value for the customerSpecifying Yalu€' for the customer is a critical
starting point for lean thinking. “Value” can onlye defined by the customer. It is
meaningful when expressed in terms of a specificpet (e.g., goods or service), which
meets customers’ needs at a specific price and sgteaific time. In a manufacturing
organization, “value” added may involve any activibat increases the market form or
function of the product, for which the customewitling to pay.

Identify the value stream for each producOrganizations that recognize “value”
in terms of their customer expectations need td feexis on identifying the value stream
for each of their product. Value stream defined‘ggecific activities required to design,
order, and provide a specific product, from condeptaunch, order to delivery, raw
material into to finished goods into the handshef tustomer” (Womack & Jones, 1996),
helps distinguish the value adding activities fritta non value adding activities for each
product being manufactured. Three types of aotisitneed to be evaluated while

analyzing a value stream — one kind adds value tfledther two are wastes (type 1 and
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type 2). The value added activities are those ginambiguously create “value” for the
customer. Type 1 waste, include activities thattmeno “value”, but are necessary to
maintain operations, by assisting the operatorsyagers, or stake holders (inventory
clerk, maintenance department, accounting depatjmeype 2 wastes, include activities
that create absolutely no value and can be avdelgdrework, scrap, waiting times).

Make the product flow without interruptions. A value stream that provides
customer “value” is just not sufficient. Organizais need to focus on achieving an
uninterrupted flow of material through the entigdue chain. Flow is often interrupted by
poor process visibility, long changeovers timesxpected machine breakdowns or poor
cooperation with suppliers. Uninterrupted produldwf defined as, “a progressive
achievement of tasks along the value stream soathmbduct proceeds from design to
launch, order to delivery and raw materials intosthed goods for the customer with no
stoppages, scrap or backflows” (Womack & Jones618@Ips ensure continuous flow.
In order to achieve uninterrupted product flow, Wamk and Jones suggest that one
should move away from the traditional large bateth queue approach to production.

Let customer pull value from the producerHaving developed a value stream
which facilitates uninterrupted product flow, orgaations should make sure that
production matches with the pace of the customerathel. Customer demand, thus acts
as a trigger mechanism for production to start.a@izations need to make sure that they
produce only what the customer needs (in termsotf Quantity and timing). This pull
mechanism defined as, “a system of cascading ptiauand delivery instructions from

downstream to upstream in which nothing is produmgthe upstream supplier until the
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downstream customer signals a need” (Womack & Joh886) makes certain that
unnecessary inventory buildup is avoided.

Pursue perfection by eliminating all kinds of “wast. Once the above
principles are in place and organizations can sutitem, they should strive to maximize
the value for the customer by pursuing perfecti@n,develop routines that continuously
help minimize the non value added activities (tgthe 1 and type 2). The pursuit of lean
is a never ending process. There will always beities that may be considered waste in

the value stream.

2.2.5.2. Lean principles based on the works of Liker

Liker (2004) in his book, “The Toyota Way”, extesttthe works of Womack and
Jones (1996) by explicitly including the ‘peoplectis’ in his principles. He described
lean production using a list of fourteen principlessed on his experiences at different
Toyota plants. Liker's study emphasized that usangariety of TPS tools is not
considered as being lean, but it is about devetpftie principles that are right for the
organization and diligently practicing them thatk@s an organization lean.

Base your management decisions on a long term pbojohy, even at the
expense of short term financial goalsThis principle focuses on long term thinking.
Managing decisions based on a long term philosophgn at the expense of short term
financial goals forms the bedrock for all othernpiples, as it determines the kind of
decisions organizations will take in given situato Organizations should develop a

mission which creates value for its customer, eyg®s, and the society as a whole. This
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way of thinking helps organizations create a carmstaf purpose and hence everything
the organization does is subjugated to this guigmggciple.

Create continuous process flow to bring problemsthhe surface. This principle
focuses on the elimination of waste resulting fromaiting, transportation, and
inappropriate processing (Shingo, 1992). Contindtmys results in the lowering of cycle
time by minimizing the inter-operation time (queaed waiting) between tasks. This
results in bringing to surface the inefficienciesthe system. Problems surface in a
continuous flow process since there are no capaonwgntory, and time buffers to hide
the inefficiencies in the process. Thus creatimgmtinuous flow is an essential principle
for organizations that want to start their journ@ypecoming lean.

Use “pull” systems to avoid overproduction.This principle focuses on the
elimination of waste resulting from overproductioBustomer orders which initiate
production form the basis for pull production. Tperest form of pull production is
illustrated in the previous principle of continudiisw (a.k.a one piece flow) wherein a
product is manufactured only at the moment it iedeel in the shortest cycle time
possible. However in instances when one-piece ifomot possible because processes are
too far apart or the cycle times to perform therapens vary a great deal, organizations
must resort to the principle of pull, i.e. providestomer with what they need, when they
need it, and in the amount they need it. Rother &hdok (1999) suggest that, “flow
where you can, pull where you must”.

Level out the workload (heijunka).This principle focuses on the elimination of

waste resulting from the production variability ¢fuori et.al., 1977). The principle of
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“Heijunka” suggest that production should be ledela terms of both volume and
product mix. This can be achieved when productsonat be based on the actual flow of
customer orders, but based on the total volumeddre placed in a certain time period.
Thus a leveled out workload results in producirgghme amount and mix each day.

Build a culture of stopping to fix problems, to geuality right the first time.
This principle focuses on the elimination of wasgsulting from defective parts being
produced, and is the second pillar of the TPS -ek#iidOhno, 1988). This principle
emphasizes the importance placed on the cultuistofothe line in case of defective parts
being produced. In case of machines, built-in deviwill automatically stop the machine
when it detects a problem, while in case of humtrey; are given the authority to push a
button or pull cords — “andon cords” which can Brim machine or an entire line to a
stop. The machine or the line remains shut unélrthot cause of the problem has been
resolved. This culture of stopping the machine/pobidn line makes certain that
defective parts are not sent downstream.

Standardize tasks are the foundations for contintoumprovement and
employee empowermentThis principle focuses on the elimination of veasésulting
from the inappropriate processing and variabiliyedto different work methods.
Standardization of the activities (tasks), conmawsj and production flows, lead to
flexibility, adaptability, and creativity (Spear Bowen, 1999). Whenever a standard is
specified, an implicit hypothesis is created. Tiygothesis is then tested to see if it is

supported. This process of testing new hypothesesnteally leads to continuous
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improvement. In addition the ability of employeas éxperiment with already set
standards, leads to employee empowerment.

Use visual control so no problems are hiddehis principle focuses on the
elimination of waste resulting from unnecessary iamtand defective parts being
produced. Visual control makes certain that theormftion regarding processes,
equipment and inventory buildup is not only visyatbservable, but it is also easily
accessible. This can be achieved when the visdatdators are placed close to the work
areas. Being able to detect any deviations fromrsthedards quickly results in improved
productivity, reduced defects and mistakes, impsogafety and most importantly
facilitates communication between workers.

Use only reliable, thoroughly tested technology thserves your people and
processes.This principle focuses on valuing people ovehtedogy. Adoption of a new
technology must support the people, processesthangdalues of the organization, and
not displace or replace them. Before implementingheav technology it must be
thoroughly evaluated against existing processeagetermine if it does not conflict with
the organization’s philosophy and operating pritesp If pilot proves that the new
technology does not conflict with the existing @sses and more importantly, it adds
“value”, it is quickly implemented after a procesfsconsensus analysis involving all the
stake holders affected by the new technology.

Grow leaders who thoroughly understand the workydithe philosophy, and
teach it to others.This principle focuses on tapping the human poa¢atrailable within

the organization, i.e. growing leaders from within@ organization rather than bringing
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them from outside. People within an organizatiorhowthoroughly understand the
culture, when chosen to be leaders provide the sawmnstancy of purpose as their
predecessors. These people make an effort to duipposame culture year after year and
train the subordinates to live by the same philbgpphey live by so as to create an
environment for a learning organization. This resuh laying the groundwork for
genuine long term success.

Develop exceptional people and teams who will faellojour company’s
philosophy. This principle also focuses on the tapping of ihenan potential, however
in this case the human potential is obtained eatgrinew job applicants). After a
thorough screening process, they are groomed altgrthrough training to fit the
organizations culture. Training involves developibgth the individual's technical
knowledge and other broad range of skill requiedld the job, and his ability to work
on a team. Organizations investing in people, farreget a committed worker and team
player who shows up every day on time and is mt#tydo continually improve the
process.

Respect your extended network of partners and sigwplby challenging them
and helping them improveThis principle focuses on elimination of wastsuléing from
supplier variability. Organizations that not onlgspect but also help their suppliers
improve by challenging them, grow together to mlyuaenefit in the long term.
However care should be taken in indentifying a deppThe supplier selected must
prove their sincerity and commitment to the orgatanal goals and objectives. Once

selected the supplier is not replaced except ®ntbst egregious behavior.
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Go and see for yourself to thoroughly understancetbkituation. This principle
emphasizes on the need to get on to the shop #odrsee for one’s self how work
methods and work processes are executed and impiednéndividuals should think and
speak based on personally verified data and infaomaDo not rely on others for
information. The process of problem solving is bestcuted when one goes to the root
cause of the problem by visiting the actual plageniba) where it occurred to resolve it.

Make decisions slowly by consensus, thoroughly ddesng all options,
implement decisions rapidly. This principle includes an important process of
“nemawashi”, i.e. focus on the approach of how aneves at a decision, let alone the
guality of the decision. Decisions are made ontgratovering all the facts, alternatives,
and consulting with the people who will be affecteyl the outcome of the decision.
Involving a broad range of people in decision mgkis a tough task, however when
consensus is achieved, the implementation prosegsick and smoother.

Become a learning organization through relentlessflection and continuous
improvement (Kaizen).This principle focuses on learning by establighenprocess for
continuous monitoring (Hansei) and continuous imprent (Kaizen). Learning
organizations do not adopt and develop new shilis,instead, they put a second level of
learning which focuses on learning how to learn s&ills, knowledge and capabilities
(Senge, 1990). This is achieved when organizatiwoa® errors as opportunities for
learning (Spear & Bowen, 1999), take correctivaoast immediately and distribute the

knowledge about each experience broadly.
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2.2.5.3. Lean principles based on the House of Leari

Dennis (2007) in his book, “Lean Production Sirhed”, described lean
production based on the illustration of the ‘hoo$déean production’ (referred to as the
‘house’, hereafter). This description of lean prctitin differs from the earlier works of
Womack & Jones (1996) and Liker (2004) because gpecifically aimed at the shop
floor practices of lean. As shown in Fig 2.3, thesctiption of the different parts of the

“house of lean production” can be drawn on to dawelean principles which are

applicable at the shop floor level.

Goal

Base production decision to meet

customer expectations
Just-in-time Jidoka
Create a Build a culture of participatory
production management that engage and
system that involve employees in decision making Stop
produces which affect their jobs production
the right s0 that
component | Employee Involvement | production
part at the never stops
right time in
the right Focus on labor utilization rather
quantity than machine utilization

continuous improvements

Process stability and standardization are the foundations for

Standardization and Stability

Adapted from Japanese Management Association (1980)

Figure 2.3. House of lean production
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Base production decision to meet customer expeoteti The roof of the
‘house’ represents the goals of an organizatioteims of the quality, costs, delivery
time of its products, safety of its employees, anironmental obligations. Lean
production is not a complex idea; however its impmatation which allows organizations
to achieve high product quality at low cost, in 8f®rtest time possible by eliminating
waste and maintaining employee safety and envirateh@bligations requires not only
time, but also money. Production decisions may lwvesahanges in equipment and/or
equipment layout, additional training for employeesl more importantly a change in the
management culture. Thus implementation of leamlyeton requires planning for the
long term and is always subjugated to fulfillingetimeeds and expectations of the
customers.

Process stability and standardization are the fowatidns for continuous
improvements. The foundation of the ‘house’ represents stardation and stability of
the production processes within an organizatioan@rdization is a tool for developing,
confirming, and improving the set of steps or awi@f a particular task/process with
clearly defined goals. Standardization of the tagldess allows for repeatability of the
task/process by providing clear start and end poiat each process; preserving the
know-how and expertise to accomplish the task; ss&3g the current condition to
identify problems through checkpoints in the prae¢esmd providing a basis for employee
training (Spear & Bowen, 1999). Process improvemsavithin an organization cannot
occur without stability. In order to achieve stapibne must create standards. However,

standards which are not stable are worthless. Hstatality without standardization and
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standardization without stability are meaninglessms. Together these terms help
identify the ‘muda’ or waste in the system so thst can continually improve our
processes.

Create a production system that produces the righmponent part at the right
time in the right quantity. One of the two pillars of the ‘house’ is the ceptof Just-in-
time (JIT) production system. The JIT productiostsyn is designed for efficient, quality
production with an emphasis on the idea of custopudirso that there is a value flow
rather than material flow through the system. & igroduction system which focuses on
lot-less production and strives to have one unitwvofk-in-progress at any moment in
time. The production lead times are greatly shedeny having all processes to produce
the necessary parts at the necessary time and imettessary quantity, while having only
the minimum stock on hand necessary to hold thegsotogether.

Stop production — so that production never stop3.he second pillar of the
‘house’ is the concept of jidoka or autonomatioe.(automation with a human mind).
This concept reflects the idea that intelligent kess and machines can identify errors
and can take quick counter measures to fix it.kidays’ a strong emphasis on defect
prevention and considers it okay to stop the prbdadine to eliminate the root causes
of the defects.

Build a culture of participatory management that gage and involve employees
in decision making which affect their jobs.The heart of the ‘house’ is the concept of
employee involvement. Ohno very early in his careatized the importance of engaging

and involving employees in the process of producttanning and problem solving. He
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believed that employee involvement helps devel@pctpabilities of the employees and
improves the prospect for long term success. Irerotd successfully handle today’s
rapidly changing markets and technological needapamies need to be flexible and
creative. No amount of investment in technologyalwill help companies achieve that
flexibility and creativity, if the employees are tnmvolved in the decision making
processes.

Focus on labor utilization rather than machine ut#ation. The final principle is
borne out of the concept of Jidoka or ‘autonomatand just-in-time production. With
autonomation, there is no need for workers to stand machine as they are designed to
stop automatically or emit signals when defectsuo@r the required quantity has been
produced. In a just-in-time production system thachines need not be utilized as much
as they would in a mass production system. In ol@@mpensate this loss of machine
utilization, organizations focus their efforts onaximizing the use of labor. Since
autonomation helps separate the workers from thehimes and a worker can operate
more than one machine, it is reasonable for orgdioizs to sacrifice machine utilization

in lieu of labor utilization.

2.2.6. Comparison between principles based on the works dVomack & Jones
(1996), Liker (2004), and Dennis (2007)

A careful comparison between the three differetd sf principles reveals that the
all of the lean principles suggested by Womack &e#(1996) can be associated with
the lean principles developed by Dennis (2007). ey, not all of Liker's (2004)

principles can be matched to Dennis’s (2007). Oossible explanation for this is that
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Liker (2004) provides principles for both strategied shop floor lean implementation,
while Dennis’s (2007) principles focus primarily @mop floor lean implementation.
Table 2.7 details how the principles of Liker (2D@&hd Womack and Jones (1996)

match to the six principles that Dennis (2007) eptoalized from the “House of Lean”.
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Table 2.7 Matching lean principles by Liker andiézk & Jones to lean principles by Dennis

Principles based on Dennis (2007)

Principles based Liker (2004)

Principles based on Womack
& Jones (1996)

Base production decisions to meet

Base Management decisions on a long term philosaplgn

Specify value for the custome

Match 1 . , .
customer expectations at the expense of short term financial goals
Process stability and standardization Standardized tasks are the foundations for contisuo Identify the value stream for
are the foundations for continuous | improvement and employee empowerment each product
Match 2 | improvements . o .
Become a learning organization through relentlefieation
and continuous improvement
Create a production system that Create continuous process flow to bring problenthi¢o Make product flow without
produces the right component part at surface interruptions
Match 3 | the right time in the right quantity Use "pull" systems to avoid overproduction Let customer pull value from
Level out the workload the producer
Match 4 | Stop production - so that production | Build a culture of stopping to fix problems, to gefality right -
never stops the first time
Build a culture of participatory Make decisions slowly by consensus, thoroughly icteming
management that engage and involveall options, implement decisions rapidly .
Match 5 | employees in decision making which . .
e Develop exceptional people and teams who will feliwur
affect their jobs . )
company's philosophy
Match 6 Focus on labor utilization and not Use only reliable thoroughly tested technology getes -

machine utilization

your people and processes

Use visual control so no problems are hidden*

Go and see for yourself to thoroughly understaed th
situation*

Grow leaders who thoroughly understand the wovie the
philosophy, and teach it to others**

Respect your extended network of partners and mupgly
continually challenging them and helping them inyarg*

* This is more of a practice than a principle

*%k

This is a lean principle at the strategio/kd involving top level human resource managemeaistbns

= This principles extends beyond the shop floor and is externahtorganization
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Match 1. These principles form the bedrock for all othernpmples. These
principles emphasize that everything one does itean organization should be
subjugated to the needs and expectations of thtoroes. Production decisions or
management decisions must be made after considewstgmers’ Value' proposition of
goods or services (Womack & Jones, 1996), eveinnifeians to forego financial gain in
the short term (Liker, 2004).

Match 2. These principles focus on the establishment ehdsdrds and
continuous improvement once the standards areestdbke establishment of standards
not only helps eliminate wastes resulting from prapriate processing (Liker, 2004,
Womack & Jones, 1996), but also allows for idemidy the value stream for each
product (Womack & Jones, 1996). Once standardsstaalized, they are explicitly
stated as hypotheses, which can then be tested.hypetheses form the basis of
scientific learning and facilitate in the proce$santinuous improvement resulting in the
elimination of waste (Liker, 2004; Womack & Jon&896).

Match 3. These principles emphasize value flow rather thaterral flow in the
production system. Customer demand acts as a triggehanism for production to start
and dictates which items need to be produced, #isaweheir quantity and timing, to
avoid overproduction (Liker, 2004; Womack & Jond$96). Making product flow
without interruptions (i.e. continuous flow) is tparest form of a pull system. It focuses
on producing parts in the shortest cycle time gdssby applying good scheduling
techniques and eliminating waiting time. Thus résglin bringing system inefficiencies

come to the surface (Liker, 2004).
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Match 4. These principles aim to reduce or eliminate wasgilting from the
production of defective parts. A machine or prddurc line is stopped until the root
cause of the problem is resolved. This practiceasalertain that defective parts are not
sent downstream, and that the same problem doesawt(Liker, 2004).

Match 5. These principles stress the importance of treaéingployees with
respect and making full use of their capabilitiad @otential (Ohno, 1988). The process
of “nemawashi” refers to the involvement of empleyen the decision making process
when it affects their jobs. This process focuseshenapproach to decision making rather
than the outcome and quality of the decisions (i,ik804).

Match 6. These principles suggest that companies shouldevp&ople over
technology. Technology must support the peoplecesses, and the values of the
organization, and not displace or replace thens itmportant that a new technology be
tested and evaluated against existing processafetermine if it conflicts with the
organization’s philosophy and its operating prithesp If it does, then labor utilization

should prevail over machine utilization.

2.3. Work design practices
2.3.1. Middle management support

There is absolute agreement amongst academiamahgractitioners that any new
initiative within an organization cannot be sucéassvithout the support of its top
management (Ahire et.al., 1996; Anderson et.aPR41%lynn et.al., 1994). However in

some cases, programs have failed even with thipastipAmongst many possible

62



explanations, middle management support seems godbeng candidate (Pappas et.al.,
2003; Facteau et.al.,, 1995; Brennan, 1991). It iddla management support that is
crucial in translating the organizational policiaad top management directives into
practices and action.

Middle management support, similar to top manageraepport, comes in three
forms: interpersonal relations, information prateg, and decision making (Mintzberg
1973). The difference is that the former views work an operational level and has a
short-term outlook, whereas top management suasra broader, more strategic focus
and a long-term outlook. In addition, middle mamagat support serves two
instrumental roles of providing pertinent infornzattito top management and executing
strategies formulated by them (Hrebiniak, 1984).

Middle management, which represents the middlearforganization, is the
crucial link between individual employees/teams atogp management directives
(Balogun, 2003; Mintzberg et.al., 2003; Likert, 1961t connects an organization’s
strategic and operational levels through the pmoal mediation, negotiation, and
interpretation activities (Balogun & Johnson, 200 a study by King et.al. (2001),
middle management support is viewed as a catahat identifies, develops, and
formulates operational strategies according to tm@nagement’s organizational
strategies, leading to improved performance.

From a change theory perspective, middle managemsgoport is crucial to
initiate, create, and sustain organizational chai@ghry, 1999). Top management does

not manage change; it enables middle managemeunhderstand why the change is
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needed, solicits input on how to achieve this clkamad allows them to communicate
this change to their workers (O'Toole, 1995). Tommagement expects middle
management to provide the oversight and guidan@xatk to create the requisite
collaboration and teamwork (Kuo-Wei, 2005) by ipteting top management objectives,
managing the change, and encouraging learning ghout the organization (Mintzberg
et.al., 2003; Balogun & Johnson, 2004). More imgatly, middle management support
is crucial in maintaining clarity of the messagmotigh a top-down hierarchy. If clarity or
sincerity is compromised, the say/do gap begingiten (Senge, 1990).

Middle management support has become recognized astical source to
organizational success (Huy, 2001). They help stgpp management’s organizational
strategic direction by championing alternativestre# operational levels (Burgelman,
1983), synthesizing information based on intermad axternal events (Westley, 1990)
and implement top management’s strategy. Througisexwsus building (Rue & Byars,
2003; Pappas et.al., 2003), middle managementtédes the implemention of actions
and decisions that align with the advocated visiériop management (Senge, 1990;
Valentino, 2004). In a study by Kraut et.al., (1288e most important tasks for middle
management involve planning and allocating resaureenong different groups,
coordinating interdependent groups, and managingpgperformance within their span
of control. In the traditional organizational hierlaical structure, middle management
supports the resolution of internal conflicts, eesustandards are satisfied throughout

operational units, and supports hierarchical fldwntormation (Mintzberg et.al., 2003).
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For the purpose of this study, middle managemeppau is defined as a set of
managerial activities that facilitate the provisiohresources and communication of top

management directives to employees to improve argaonal performance.

2.3.2. Employee patrticipation versus employee involvement

A review of organizational behavior and human vese management literature
reveals that “employee involvement”, “employee jgvation”, and “participative
decision making” have been used interchangeablynamy instances (Lawler, 1991,
Cotton, 1993; Marshall & Stohl, 1993; Glew et.dl995; Shadur et.al., 1999). As the
latter two terms are similar, employee participatiand employee involvement are

distinguished further to provide clarification.

2.3.2.1. Employee participation

“Employee participation” is concerned with shadkgtision making in the work
environment (Mitchell, 1973). Over the years, emgpko participation has come to mean
different things to different people. As seen inbléa 2.8, not only has it been
conceptualized in numerous ways, but when impleetenin a laboratory or
organizational setting, it brings diverse outcorbased on the innumerable methodology,
participation processes and forms used to meask@cke & Schweiger, 1979; Miller

& Monge, 1986; Guzzo et.al., 1985; Cotton et.888; Leana et.al., 1990).
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Table 2.8 Meta-analyses of employee participasinalies

Author Conceptualization
Context of Type of Setting Outcomes
Study
Locke & Schweiger| Based on Laboratory Studies No effect on productivity and satisfaction
(1979) Methodology
Co-relational field studies No effect on productivity, slight effect on
satisfaction
Multivariate experimental
field studies Difficult to determine of the results were due to
participation
Controlled experimental field
studies Positive effect on satisfaction, however not
consistently
Miller & Monge Based on Cognitive Model Stronger relationship with productivity as oppose(
(1986) Participation satisfaction
Process

Affective model

Contingency Model

66

Strong correlation between participation and
satisfaction

No effect on productivity and satisfaction




Cotton et.al. (1988)

Based on forn

Participatiomwark
decisions

Consultative participation

Short term participation

Informal participation

Employee ownership

Representative participation

Positive effect with performance and mixed effect
with satisfaction

Inconclusive effect with both performance and
satisfaction

No effect on both performance and satisfaction

Positive effect with both performance and
satisfaction

Positive effect with both performance and
satisfaction

No effect on performance and satisfaction

Guzzo et.al. (1985)

Based on
participation
programs

Training and instruction, Gos
setting

Socio-technical intervention

I Strongest positive effect on productivity
improvement

Financial compensation

Positive effect on productivity, however not
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Recruitment and selection,
Appraisal and feedback,
Management by objectives

Work re-design, Decision
making techniques,
Supervisory methods, Work
rescheduling

Kind and size of organizatior

Multiple program
implementation

statistically significant

positive effect on productivity for smaller sized,
governmental kinds of organization rather than
larger managerial/professionally run organization

Combined effect is not as great as the simple dun
the their separate effects

U)
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Locke & Schweiger (1979) were the first researsher take a comprehensive
look at the participation management literature.eyftreviewed 50 studies with
“satisfaction” and “productivity” as the criteriorariables. Their study divided the extant
literature into four general categories based emntiethodology used: laboratory studies,
correlational field studies, multivariate experirte@nfield studies, and univariate
(controlled) experimental field studies. While theyncluded that employee participation
did not relate to productivity, they did find thamployee participation increased
employee satisfaction in approximately 60% of theiriewed studies. Miller & Monge
(2986) found fault with the classification systefn_ocke & Schweiger (1979), stating it
was too general to provide any meaningful inforaran the strength of the relationship
between participation, productivity and satisfactioThey criticized Locke and
Schweiger’'s (1979) work for not attempting to detde systemic differences in the
studies that found participation to be superioc@®pared to those who found it inferior.
In their study, Miller and Monge (1986) focused wariables, identified from the
cognitive?, affectiveé and contingenéymodels, that may have moderated the relationship
between employee participation and the outcomesabisfaction and productivity.
Participation had no effect on productivity andiattion when using the contingency
model, and there were varying degrees of positlegtionship between participation and

productivity and satisfaction when using the cagaiand affective models.

% Concerned with the meaningful utilization of employees capabilities and views satisfaction as a by-
product of the participation process (Miles and Ritchie, 1970)

* Concerned with the participation and consulting activities of employees to satisfy the egoistic needs so
that they will be more cooperative to management decisions (Miles and Ritchie, 1970)

* Concerned with a variety of factors such as individuals’ personality, particular decision situations, nature
of relationships between individuals, job levels, individuals’ values participating in organizational decision
making (Vroom, 1960)
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Cotton et.al. (1988) provided a classification esole, based on the works of
Dachler and Wilpert (1978), that identified the isas forms of participation. More
specifically, participation in work decisions, imfoal participation, and employee
ownership had a positive effect on productivity aadisfaction. Short term participation
and representative participation had no effects psoductivity and satisfaction.
Consultative participation offered inconclusive ulés Leana et.al. (1990), however,
rejected the conclusions of Cotton et.al., notimgt generalization was not possible due
to methodological inconsistencies within their studlhe issue of questionable
methodologies was also raised by Wagner and Goqd®g7), who found that studies
using questionable methodologies led to strongelirigs for employee participation and
its relationship to productivity and satisfaction.

The divergence of outcomes for this research tggtems from a lack of
consensus among researchers as to what organaagbleenomena, dimension, or event
should be labeled as “participation”. Many diffardechniques have been classified
under the employee participation rubric (Glew et.2995; Coye and Belohlav, 1995).
There is no agreed upon definition of employee i@gp#tion. Also, participative
programs have varying degrees of effect on diffel@rels within an organization. Some
programs include only a few individuals or team$eveas others may include whole
plants or corporations.

In order to address the confusion surrounding tomcept of employee
participation, Lawler (1986) posited that researshese a different perspective to study

the concept of employee participation. He introduce concept of employee
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involvement. With this conceptualization, researshdéegan to examine “how”
employees patrticipate in programs rather than ihdtvprograms they participate. That
is, their focus shifted from describing the procesgvaluating the underlying factors in

the employee participation process.

2.3.2.2. Employee involvement

Employee involvement is an action-oriented orgaimimal process characteristic
that is used to manage organizational behavior ¢@Belohlav, 1995). A review of the
employee involvement literature reveals that emgdoyvolvement interventions lead to
both higher productivity (Kaufman, 2003; Hannalet2000; Lawler et.al., 1995; Lawler
et.al., 1992) and improved quality of work life (s&& Cummings, 1985; Riordan et.al.,
2005). Employee involvement is a bottom-up apprdacmanagement decision making,
in which employees are encouraged to participataciivities aimed at defining and
solving problems to improve their workplace (Shah Vgard, 2003; Ohno, 1988;
Sugimori et.al., 1977).

Employee involvement is defined as an approachmsmage organizational
performance, in which employees have a sense ofratlamy their work, receive
information about their work and performance, anel r@warded for their performance
(Lawler et.al., 1992). The managerial practices fia@ilitate employee involvement
consist of four critical factors:

e information sharing — degree of downward and upvilasd of information;

e training — expertise and knowledge of the spedfierations and organization

in general;
e rewards — types of rewards and compensation used; a
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e power sharing — type of power and the areas inhwtiey are used.

For an employee involvement program to be sucoksdf four factors should be
integrated in parallel (Frey, 1993). Lawler and Bow1995) assert that:

Power without training, information, and rewardads to poor decision making.
Information and training without power leads tosfmation because employees
cannot use their expertise to make changes. Pdvanjng, and information
sharing without reward for performance leads td lat motivation, because

employees do not see any personal growth and wétiibfor their efforts(p. ?)

Mohrman et.al. (1996) extended the works of Lawled Bowen (1995) by studying the
employee involvement activities at Fortune 100 camgs. They noted an increasing
trend to transfer employee involvement initiativdswn to lower levels of the
organization using the four critical factors sudgdsy Lawler (1986).

Information sharing practice This factor refers to a set of activities aimed a
facilitating the exchange of information about ggemal and administrative functions
with and between employees in an organization (Rioret.al., 2005). Information
sharing occurs when employees at the lowest levahiorganization have access to, are
directly provided with, or are providing others liinformation related to their work
activities (Denison, 1990; Lawler, 1986). The im@tion shared should be accurate,
relevant and timely. When both upward and downwgrannels of information sharing
are in place, employees participate in a meaningéy and act responsibly, and they are
involved in organizational processes and functitrag were previously handled only by

upper management (Randolph, 1995; Kouzes & Po%a8r).
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Training practice. This factor refers to a set of activities that pdevspecific
skill sets relevant to an employee’s work assignmeran organization (Sumukadas,
2005; Vandenberg et.al. 1999). Increasing orgaozak effectiveness depends on the
skill and knowledge acquired through training (Batogrg, 1995; Senge, 1990). Without
the right skills and knowledge, employees cannothadr jobs effectively (Lawler et.al.,
1992, 1995). The most frequently identified traghpractices for employee involvement
are cross training, team building, problem solvisgfety, and job skills (Sumkadas,
2005; Shah and Ward, 2003; Brown et.al., 2000; eaet.al., 1992).

Reward practice.This factor refers to a set of activities aimedirdting rewards
directly to individual performance and businessultss(Lawler et.al., 1995). Reward
practices are used as tools to modify the behawioemployees in an organization
(Sumukadas, 2005). The type of reward is not a®itapt as the process of rewarding.
The connection between rewards and performance rneastvisible to employees
(Vandenberg et.al., 1999). Finally, rewards mustibé to behavior, be valued, and be
achievable, in order to increase motivation andleyge involvement (Lawler, 1986).

Power The concept of power has been described initdr@ture in a number of
ways. Conger & Kanungo (1988) and Bacharach & Lawl©980) found that the
perception of power was related to availability aadtrol of information, and to access
to training. Kotter (1979) and Pfeffer (1981) card#d that the perception of power was
related to the locus of control. The greater theu$oof control, the greater is the feeling
of power. Bowen & Lawler (1992) described powertlas right to make decisions that

influence organizational direction and performan€er this study, power refers to the
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ability of employees at the lowest level in the aigational hierarchy to participate in
decision making and to determine how best to implantdecisions (Vandenberg et.al.,

1999).

2.3.3. Employee empowerment

Employee empowerment has been widely recognized pstentially effective
work design practice to manage organizations (Sedial., 2004; Menon, 2001; Bowen
and Lawler, 1992). It is, however, very differerdrh employee involvement. The major
difference between these terms is in ‘transferd@fision making authority. In employee
involvement programs, management retains controéreas in employee empowerment
programs the employees have, at least to some texteme authority to control the
coordination, allocation, and improvement of fuon8 associated with their task.

A review of the empowerment literature revealst ttmpowerment has been
classified as either structural or psychologicai8rt et.al., 2004; Mills and Ungson,
2003; Psoinos & Smithson, 2002; Randolph, 1995;géoand Kanungo, 1988; Thomas
and Velthouse, 1990; Menon, 2001). As seen in Talfde structural empowerment is
described in terms of the organizational structupsdicies and practices that support
employee empowerment (Seibert et.al., 2004; Mills Uagson, 2003; Psoinos &
Smithson, 2002; Randolph, 1995). Psychological emgpment is described in terms of
the specific cognitions an individual makes abdirt work environment (Conger &

Kanungo, 1988; Thomas & Velthouse, 1990; Menon, 1200
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Table 2.9 Perspectives on employee empowerment

Ungson (2003)

delegating the decision making prerogatives to
employees, along with the discretion to act onone'
own

Authors Empowerment Definition Dimensions

Seibert et.al. A set of shared perceptions regarding the extent to| Information sharing, autonomy through
= (2004) which an organization makes use of policies, pcasti| boundaries, team accountability
GE) and procedures to support empowerment
) Psoinos & The decentralization of the decision making autlyori| Improvements, problem solving, quality
g Smithson by delegating power to the staff to make and responsibility, planning and scheduling
g— (2002) implement decisions work, equipment maintenance and repa
L Randolph As recognizing and releasing into the organizatien | Information sharing, goal setting, decisic
Ic (1995) power that people already have in their wealth of | making rules, training, appraisal system
% useful knowledge and internal motivation teamwork
£ Mills and The horizontal decentralization of authority by
n

of

-

n

Psychological Empowerment

Conger and
Kanungo
(1988)

Thomas and
Velthouse
(1990)
Spreitzer
(1995)

Menon
(2001)

A process of enhancing feelings of self efficacyoam
organizational members through the identificatibn o
conditions that foster powerlessness and througiin th
removal by both formal organizational practices anc
informal techniques of providing efficacy infornmari
Intrinsic task motivation

A motivational construct that is manifested in four
cognitions: meaning, competence, self determinatig
impact

A cognitive state of mind that is characterizedaby
sense of perceived control, competence and goal

internalization

Feelings of self efficacy

Impact, Competence, Meagfulness,
Choice

meaning, competence, self determinatiq
nmpact

Perceived control, Perceived competenc

Goal internalization

n,

€,
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According to the conceptualization of Thomas andlthbuse (1990) and
Spreitzer (1995), psychological empowerment is fieated as four cognitions:

Meaning. Defined as an “individual’'s intrinsic caring aboat given task”
(Thomas & Velthouse, 1990, p.674), meaning is gsoaiation of job value and purpose
with the ideals and standards of the individualstfonger association results in a more
significant meaning. Tasks must be meaningful forplyees to feel empowered.

Competence. Competence, defined as a “feeling of self-effica¢onger &
Kanungo, 1988), refers to an individual’'s belietis/her capability to perform activities
with skill (Gist, 1987). Wood and Bandura (1989)cdmented four primary ways in
which self-efficacy can be instilled and strengin

e Mastery experiences — past successful performancesases beliefs about
future capabilities;

e Modeling — effective techniques and strategiesoéaserved and built into the
repertoire of the person observing, thus enhanitiadpelief that they have the
capability to manage future situations;

e Social persuasion — a realistic encouragement leéadgreater expended
efforts which results in likely successes; and

e Physiological states — Emotional arousal and tensam create both favorable
and unfavorable outcomes.

Regardless of the method chosen, maximizing empBybeliefs of self-efficacy is
important because without a sense of confidenceheir abilities, employees feel
inadequate and unempowered.

Self-determination This cognition is defined as “an individual’'s semdédaving
a choice in initiating and regulating actions” (Dest.al., 1989). In other words,

individuals see themselves as initiators of theindbehavior, free to select their desired

outcomes and corresponding means to achieve thetfid&ermined employees see
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themselves as being proactive rather than reactivereitzer, 1995). They feel
empowered and take ownership of their behaviorumse# originates from within, rather
than being controlled from external sources.

Impact. Employees feel empowered when they perceive themabior has an
effect on organizational outcome. Impact refer&he degree to which an individual can
influence strategic, administrative, or operatingcomes at work” (Ashforth, 1989). A
lack of impact can lead to learned helplessnessr(iis and Velthouse, 1990). This can
result in reduced motivation and thus lead to &rfgeof being unempowered.

Menon (2001) conceptualized empowerment on the igeerthat the psychological

experience of power underlies the feeling of empavemt. The sociological perspective
treats power as potential influence in the contxsocial interactions (Bacharach &
Lawler, 1980), while the psychological perspectiveats power as motivating factors
(McClelland, 1975). Combining these perspectivesenbh (2001) conceived

empowerment to manifest itself in three dimensigusver as perceived control, power
as perceived competence, and power as being eeértpavards achieving the valued
goals of an organization. These dimensions of ey@gleempowerment are used in this
study.

Perceived control Perceived control, conceived from the sociological
perspective of power, occurs in situations in wipolwer is treated as an internal urge, or
drive, to influence and control others and theirkvdecisions (White, 1959). It reflects
Thomas & Velthouse’s (1990) cognitions of impace.(iability to influence others to

effect organizational outcomes) and self-deternonati.e. autonomy in initiation and
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continuation of work behaviors). For the purposetlug study, perceived control is
defined as an individual's perception of autonomy the scheduling of work,
performance of work, utilization of resources, aedision making (Menon, 2001).

Perceived competenceStemming from the psychological perspective of powe
perceived competence is essential for the feelihgerapowerment. An individual
believes that s/he can successfully meet routis& temands and any non-routine
challenges that might arise in the course of wdfkr{on, 2001). Perceived competence
occurs in a situation in which power is treatedaamotivation factor that boasts one’s
feeling of self-efficacy to meet given situatiordgmands (Wood and Bandura, 1989).
This belief of self-efficacy reflects Thomas and ItWieuse’s (1990) cognition of
competence. For the purpose of this study, perdem@mpetence is defined as an
individual's self-efficacy and confidence with reda to role demands.

Goal internalization Also grounded in the psychological perspective @iver,
goal internalization is the energizing aspect o€ thsychological experience of
empowerment. It occurs in a situation in which poigetreated as a motivating factor to
energize and strengthen one’s belief and actidharattainment of a mission or a valued
cause. This commitment in belief and action refleidhomas and Velthouse’s cognition
of meaning. For the purpose of this study, goakrimdlization is defined as an
individual's belief in the goals of the organizatiand his/her readiness to act on its

behalf (Menon, 2001).
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2.3.4. Task interdependence

A review of organizational design and behaviorerbture reveals that
interdependence has been described in differemisforesource interdependence, task
interdependence, goal interdependence, and rewad feedback interdependence
(Wageman, 1995; Mitchell and Silver, 1990; Saaveneft.al., 1993; Wageman and
Baker, 1997; Hardin, 1968). In a more recent stiBhrrick et.al. (2007) suggested that
interdependence can be categorized into two typesctural interdependence is based
on the nature of the task or the technological irequents (Thompson, 1967).
Psychological interdependence is based on thelstan@and to work together in order to
achieve collective outcomes (e.g. goals and reyy#&wlageman, 1995).

Task interdependence is an important structuraiabie in organizational
behavior theories, especially those that focusrgarazational design. Kiggundu (1983)
characterized task interdependence as being dititeted or received. Initiated task
interdependence occurs when an individual influsremmeone else’s task performance,
whereas received task interdependence occurs whemdividual is influenced by
someone else’s task performance. Thompson (19&7paavendra et.al. (1993) used the
exchange of information and resources to categdez& interdependence as pooled,
sequential, or reciprocal.

Pooled task interdependenceTeam members make a contribution to group
output without the need for direct interaction watiiher work group members. Typically,
members in the team have similar roles and do aintdsks. For example, the overall

output of a team making widgets in the drilling dgment is dependent on the individual
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outputs of each member working on the same operabat on different machines
without any direct interaction with each other.

Sequential task interdependenceA team member must act on a particular
operation before other members of the team caromdt to complete the remaining
operations needed to complete the whole task. &ilpicmembers in the team have
different roles, performing different tasks in ajuletermined order (work sequence is
unidirectional). Most importantly, no one membemgdetes the entire operation. For
example, the overall output of a team manufactusimgts is dependent on the output of
each member working on the different operations. @utting, stitching, labeling, and
packaging) in a pre-determined sequence on diftareachines with direct interaction
with each other.

Reciprocal task interdependence/Nhen the scope of an operation is too large,
team members must work simultaneously to completeQne team member’s output
becomes another member’s input and vice versa.r@gneeam members have different
roles and often are specialists in performing dmedasks. Work sequence is bi-
directional and time-lagged. For example, in a cdeaand rescue operation, team
members communicate location, status, and othaf wiformation to coordinate their
efforts and complete the operation.

In organizational work design, task interdependecen vary along a continuum
from none (e.g. an individual task executed by @aeson who has all resources
necessary to complete it) to high (e.g. a collectiask whose successful completion

depends on the input of multiple individuals). Rbe purpose of this study, task
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interdependence is defined as the degree to whembars within a work unit work

closely with each other and share material andréispan order to complete a task.

2.3.5. Technical practices

The common themes across lean definitions inptiegious section suggest that
the most important objective of lean productiontlie elimination of ‘waste’ and
reduction of variability. In this section we willeview the most commonly used
practices, both in the literature and in the industry theliphin achieving the objectives of
elimination of ‘waste’ and reduction of variabilion the shop floor. Table 2.10 provides
a summary of those technical practices that hetpimhte the seven classical forms of

waste and reduce the variability due to processing and customer demands.

> Practices are the observable facets of principles. They are conceived as activities or a set of activities
(Dean & Bowen, 1994) since principles are too general and abstract for empirical research
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2.3.5.1. Standardized work

Standardized work defined as, “a set of formalttem work instructions for each
process” (Hill, 2010), lead to work that is highdpecified as to its content, sequence,
timing, and outcome (Spear & Bowen, 1999; Lee &dbiimpour, 1984). Standardized
work practices help in eliminating waste resultingm inappropriate processing (e.g.,
overproduction and transportation) and achievingcgss stability by minimizing the
variability (e.g., inventory buffering) during prodtion (Hill, 2010). It not only facilitates
in the organizational learning wherein the know-henvd expertise is preserved, but also
assists in auditing, problem solving and improvetseas standard work provides the

baseline against which processes can be measuwagtsag

2.3.5.2. Pull production

In the classical JIT view, pull production is agtice that determines what should
be ordered, how much should be ordered, and whesmatld be ordered based on
customer demands. Hopp & Spearman’s (2004) defmivf pull production distinguish
between pull and traditional push systems. Puldpction defined as, “a practice that
explicitly limits the amount of work-in-process & system” help manage material
movement in the system by a mechanism which trgggeoduction at one work station
based on the current demand at the next work st§foss & Robinson, 1987). Pull
production helps minimizing the waste resultingnircoverproduction (e.g., larger

inventory and work-in-progress, longer cycle times)
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2.3.5.3. Continuous flow

Continuous flow is the ultimate goal of lean protion. It is defined as, “a
practice that support the production and movemésinll batches through a series of
processing steps with minimal inventory and almustwaiting between steps” (Hill,
2010). This practice helps eliminate the waste ltegufrom waiting (e.g., longer cycle

times), and inappropriate processing (e.g., trarafpon).

2.3.5.4. Production leveling “Heijunka”

Production leveling (a.k.a production smoothingijthka) is defined as, “a
practice of distributing production volume and naxenly over time” (Dennis, 2007).
Instead of running large batches of one of modelr &nother, it is advised to run small
batches of many models over short periods of tihés practice results in producing the
same mix of products during each period (McLachli®97). When achieved, this
practice will help minimize the production variatyil by eliminating the unnecessary

expediting, checking, and reworks (Suzaki, 1985).

2.3.5.5. Cellular manufacturing

A production layout refers to an “approach to oigeng the physical
configuration of a facility based on the sequentsteps required to build a particular
product” (Hill, 2010). Lean operations support ggibal layout of the production facility
that facilitates a one-piece process flow whiclstreamlined (Voss & Robinson, 1987;
Lee & Ebrahimpour, 1894). Cellular manufacturing dee such process in which

equipment and workstations are arranged in a segquirat supports a smooth flow of
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materials and components through the process witimmam transport or delay (Suzaki,
1985). This practice helps eliminate the waste ltegu from transportation and

unnecessary motion of men, machinery and mateiatgki, 1985).

2.3.5.6. Total productive maintenance

Total productive maintenance is defined as, “@fra that ensures uninterrupted
and efficient use of equipment(s) through machiperator involvement” (Dennis, 2007).
Machine operators dedicate a portion of their dayboth inspection and planned
equipment maintenance activities (Shah & Ward, 200fite et.al., 1999). The machine
operators can identify and repair minor equipmerdblems to avoid future major
problems. This practice helps eliminate the waske td waiting (e.g. longer cycle times)
and reduce production variability by making surattthere are no machine/equipment

breakdowns.

2.3.5.7. Setup time reduction

Setup time reduction is defined as, “a practicat tleduces, simplifies, and or
eliminates the work required in changing over a ma€'s setup time from one
component to the next component” (Finch & Cox, )98Bhangeovers are done in
minutes rather than hours (Shingo, 1983). Setupe treduction practices included
separating internal setups from external setups$naore importantly converting internal
setups into external setups wherever possible (Rlond983). Reduction in the setup
times helped eliminate waste due to overprodud@@og. larger inventory) by facilitating

in the production of smaller batch sizes (Voss &iReon, 1987).
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2.3.5.8. Zero defects

Zero defects defined as, “a practice that is aimedmproving quality and
promoting error free production through employeepewerment” was developed by
Shingo (1983) in an effort to extend the concepdigfoka’. Sugimori et.al. (1977) in his
description of the JIT production system emphasibed workers were prevented from
taking non standard methods to keep the system ifomming. These procedures usually
resulted in accidents, troubles and or defectszal8u(1985) emphasized prevention of
defects rather than relying on inspection to detieein. This method put a check on the
transfer of any defective parts to the subsequertgss. The ability to check for defects
at the source and stopping of the line to fix thebpem resulted in the elimination of
inspection at the end of the line, and there wéheeneed for re-work nor any material

wastage (Stewart & Grout, 2001).

2.3.5.9. Visual control

It is a system that is designed to create a visu@akplace wherein the work
environment is self explaining, self ordering, asalf improving. Any out-of-standard
situation is immediately obvious and employees talte corrective action (s). Hill
(2010) defined visual control as, “a set of pragithat is aimed to design systems that
have simple indicators and metrics that can be aadrunderstood almost immediately”.
This practice helps in the elimination of waste utissg from overproduction,

unnecessary inventory, and defective parts beiadymed (e.g. re-work).
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2.3.5.10. Kaizen / continuous improvement

In order to sustain quality products and processeganizations are always
looking out for ways to improve (Koufterous et.898; Spear & Bowen, 1999; Hopp &
Spearman, 2004). Kaizen is defined as, “a pradte¢ continuously strives to make
incremental improvements through worker involvement an ongoing basis” (Hill,
2010). Achieving leanness in production is not &-off effort, it is rather a journey.
Koufterous et.al. (1998) and Hopp & Spearman (2006d)s on continuous improvement
efforts as a means to achieve high levels of pualtipction through reducing defects and
eliminating the variability in the system while $peand Bowen talk about how
continuous improvement efforts can be conductedh iscientific method under the

guidance of a teacher.

2.3.5.11. 5-S

5-S is a lean manufacturing practice that helgmmzations sort, set in order,
shine, standardize, and sustain productive workremments. The first sub-practice,
“Sort’ focuses on separating the necessary from theoassary and getting rid of the
unnecessary items. This is done through a visu#thodecalled as “red tagging”. A red
tag is placed on all items that are not requireddmplete a job in a given work area.
The second sub-practice5ét in ordet focuses on organizing the work area by making
sure that everything has a place and everything its place. The third sub-practice,
“Shine” focuses on keeping the work area clean and shifihg fourth sub-practice,

“Standardize” focuses on standardizing the best work practices @stablished in each
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work areas. The fifth sub-practic&§ustain” emphasizes on the importance of sustaining

the new standards once they are implemented anelvach

2.4. Quality of work life

An extensive review of the organizational behavi@rature reveals that there is
no consensus on the definition and operationatinadf the term “quality of work life”
(QWL) (Rethinam and Ismail, 2008; Martel & Dupud)06; Lewchuk et.al., 2001,
Sirgy, 2001; Loscocco & Roshelle, 1991; Nadler &er (1983); Levine, 1983; Kohl
and Shooler, 1982). According to the early workdNafdler and Lawler (1983), QWL
was described using six definitions: (1) as a \deia(2) as an approach, (3) as a set of
methods, (4) as an ideology, (5) as everything, @)ds nothing. As a variable, QWL
was measured as the individuals’ overall outcomeagbb (Levine, 1983). As an
approach, QWL was defined as a program to improageration between management
and the union to improve outcomes for both the viddial and the organization
(Lewchuk et.al., 2001; Lippitt, 1978). As a setméthods, QWL was described as a
variety of organizational change levers such askwedesign, participation in decision
making, gainsharing, and team building (Martel &gpius, 2006; Glaser, 1980). As an
ideology, QWL was defined in terms of the naturetioé work and the worker’s
relationship to the organization. This definitioot only included the methods to achieve
QWL, but also elaborated on why those methods desgrable, moral, and obligatory.

The last two definitions refer to QWL as a globahcept; it was perceived as a panacea
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for coping with grievance problems, quality prob&now productivity rates and just

about everything else.
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Table 2.11 Quality of work life definitions

Operationalization
Author Definition

Dispositional approach Structural approach

Glaser (1980) | (none, only description)

breaking down traditional status barriers betweddrganizational commitment,
management and production personnel, internatpmpetency development,
motivated, challenging work, growth
opportunities,

Nadler &

Lawler (1983) QWL is defined as a way of thinking about peoplerkyand organization

Idea of participation in organizational problem | Basic nature of work itself,
solving and decision making, reward systems, | physical work environment

Levine (1983) | QWL is defined in terms of those aspef work which make a difference to individuals

Social satisfaction needs, self esteem, equitablé/ariety in daily job routines, work
promotions, non work life balance challenges

90




Lau & May QWL is defined as favorable conditions and envirenta of a workplace that supports and promotes
(1998) employee satisfaction by providing employees watvards, job security, and growth opportunities

Rewards, job security Growth opportunities
Sirgy et.al. QWL is defined as employee satisfaction with aetgrof needs through resources, activities, and
(2001) outcomes stemming from participation in the workge!

Satisfaction of health and safety needs,

satisfaction of economic and family needs,

satisfaction of social needs, satisfaction of

aesthetic needs, satisfaction of knowledge needs,

satisfaction of actualization needs, satisfactibn| o

esteem needs
Martel & QWL at a given time is defined as the conditionezignced by the individual in his or her dynamicguuit
Dupius, 2006 | of his/her hierarchically organized goals withinrwdomain .....

Participation in decision making Time to perform duties, Fit between
affecting one’s own work, Autonomy in skills and type of work, Diversity of
performance of duties, effectiveness dtduties, Physical requirement needed

work, Feeling of belonging, Emotive | perform the duties, Work
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power, competitiveness, relationship
with colleagues, supervisor, and
employer, Income and Income securit
Clarity of role, Allocation of work
during absence of other employees

environment, Equipment and tools
needed for work facilities, Company
ypolicies concerning leave for family
reasons, Possibility of advancement
Transfer, Work schedules,

Rethinam &
Ismail (2008)

QWL is defined as the effectiveness of the wonkiremment that transmit to the meaningful
organizational and personal needs in shapingdhes of the employees that support and promotéhe
and well being, job security, job satisfaction, gatency development and balance between work amd

work life

Job security, Job satisfaction, Work at
non-work life balance

ntHealth and well being, competency
development

92

no



The different definitions and their operationaliaa can be categorized into two
broad categories: the dispositional approach amdsthuctural approach (Kerce and
Booth-Kewley, 1993; Lawler, 1982). As shown in Tal®.11, in the dispositional
approach, QWL definitions are subjective. Theydatned as a variable, which focuses
on the individual's reaction to work and their pmral consequences of their work
experience (Nadler & Lawler, 1983). These defimsi@re then operationalized based on
individuals’ culture and values (Sirgy et.al., 200hniels, 2000). This approach assumes
that individuals may be predisposed to certain waitkudes and values (Staw et.al.,
1986) and that these attitudes and values canr diised on age, gender, culture, and
education. According to the structural approach, lQi&finitions are objective. They are
defined as an approach or method, which focuseb@process by which the outcomes
for both the individual and the organization canit@roved (Loscocco & Roschelle,
1991; Nadler & Lawler, 1983). These definitions dhen operationalized based on
situational attributes, such as characteristice@ated with an individuals’ job (Nadler &
Lawler, 1983; Levine, 1983).

A review of the definitions and their operatiozalion indicates that QWL is a
multi-dimensional construct made up of a numbantdrrelated factors that need careful
consideration to conceptualize and measure. lrudysby Lau and May (1998), they
acknowledge that these factors need not be universdernal. The choice of the factors
included in a study depends on the intended cowtiesdch administration.

For the purpose of this study, QWL is defined s ¢ondition experienced by

individuals that result from the effectiveness bkit work environment (Martel &
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Dupius, 2006; Rethinam & Ismail, 2008). The factarsluded in this study are: (1)
physical context, (2) psychosocial context, (3) gatisfaction, and (4) job security. The
physical context is defined as the organizatioriigsical environment that is likely to
influence the workers safety and health (Rethinansi&ail, 2008; Martel & Dupius,
2006; Brown et.al., 2000; Nadler & Lawler, 1983helpsychosocial context is defined
as the individuals’ quality of social interactionthvother employees in the organization
(Martel & Dupius, 2006; Sirgy et.al., 2001; Levirk983). Job satisfaction is defined as
the appraisal and feeling one has towards thei(lR@athinam & Ismail, 2008; Sirgy et.al.,
2001). Job security is defined as the ability & ¢inganization to provide stable full-time
employment, regardless of changes in the envirohifigthinam & Ismail, 2008; Sirgy

et.al., 2001; Lau & May, 1998).

2.5. Employee performance

A review of the operations management, human ressu and organizational
behavior literature reveal that researchers haspgsed a wide variety of measures for
employee performance. The selection of these measisr based on the following
characteristics: relevance to objectives, ability assess performance accurately;
simplicity of data collection and calculation; amdpact on operational productivity
(Seibert et.al., 2004; Motowidlo et.al., 1997; Gadbn & Riggs, 1989). The common
employee performance measures in operations mamrageare based on the evaluation
of operational actions such as output quantity, liuaof output, timeliness,

dependability, and flexibility (Spangenberrg & They 2004; Ahmad & Schroeder, 2003;
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Globerson & Riggs, 1989). The most widely used @yg¢ performance measures in
human resources and organizational behavior litezas based on behaviors which are
under individuals’ control, and which contribute, tor detract from, individual,
departmental, and/or organizational goal attainmi@darker, 2007; Campbell et.al.,
1993). Employee performance based on these indiVidehaviors can be measured as
either task or contextual performance.

Task performance is operationalized in one of tways. It is measured as
performance based on task knowledge, which is medsas the individuals perceived
competence cognition. More specifically, it is wmduals’ knowledge of facts and
principles related to their function(s) in the amgaation, and includes knowledge of
procedures, heuristics, and rules for processifgnmation and making decisions about
matters related to their function(s). Task perfarmoe can also be measured as
performance based on task skill. Here, performameoeeasured in terms of individuals’
ability to use their skills and relevant techni¢aowledge to perform the necessary
actions, quickly, smoothly, and without error (Smibet.al., 2004; Motowidlo et.al.,
1997).

Contextual performance is also operationalizednie of two ways. It is measured
as performance based on contextual knowledge, wiatdrs to carrying out actions
known to be effective for handling situations tlcall for help and coordination with
others. More specifically, this is done by folloginrganizational rules and procedures,
and by endorsing, supporting, and defending orgdioizal objectives. Contextual

performance is also measured as performance basecbmextual skill. Employee
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performance is measured in terms of individualslitglto use their skills and relevant
technical knowledge to carry out actions known éodffective for handling situations
that call for help and to coordinate with otherslidwing organizational rules and
procedures; endorsing, supporting, and defendirgarozational objectives. (Seibert

et.al., 2004; Motowidlo et.al., 1997).
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CHAPTER 3. RESEARCH MODEL AND HYPOTHESES

This chapter provides the theoretical argumentsdut conceptualize the
framework for the research model. This frameworlused to evaluate whether lean
production, defined as an integrated socio-technggstem, enhances employee
productivity and quality of work life. Following éhresearch model are the hypotheses

tested in this study.

3.1. Conceptualization of the research model

The review of the LP and STS literature revealdohla between organizational
work practices and the principles of LP and ST9s Bection establishes the theoretical
rationale for the research model. Table 3.1 detads specific work practices are

associated with LP and STS principles.
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Table 3.1 Work practices associated with LP an8 Siinciples

Work Practice

STS Principles
Adopted from Cherns (1976, 1987)

Lean Principles
Adapted from the "House of Lean" (2007)

Management Support
Middle Management
Support

Compatibility: The process of
designing a system should be consiste
with the goals of the design

Production decisions based on meeting customer
nexpectations: Identify and address the critical
production needs

Employee Involvement
Information sharing
practices

Training practices
Rewards practices

Information flow : Flow of work related
information to individuals who need it
most

Support Congruence: Social support
structures such as reward systems,
selection process, training policies,
conflict resolution mechanisms designe
to re-inforce behaviors which the
organization structures is designed to
elicit

Multi-functionality Work design shoulg
avoid highly fractionalized jobs;
individuals should be trained to perforn
a range of tasks

Transitional organizations Involve the
design team to transition into new
systems based on the STS approach

Participatory management: Build a culture that
engage and involve employees in decision making ¢
decisions which affect their jobs/tasks

Labor utilization Cross train workers so that they c3
perform multiple task(s)

2dl

N

AN

Employee
Empowerment

Minimal critical specification In the

Stop production Employees stop the production ling

design of jobs, specify no more than w

h&d prevent defective parts from being transfer@the
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Perceived Control
Perceived Competence
Goal Internalization

is absolutely essential

Power and Authority Ability of
employees to access and exercise
authority over resources to carry out
responsibilities

subsequent process

Technical practices
Standardized work
Pull production
Continuous flow
production
Production leveling
Setup time reduction
Total preventative
maintenance

Zero defects

Visual control
Kaizen

5-S

Cellular Manufacturing

Variance control Work should be
designed to control variances (deviatio
from the ideal place) as close to their
sources as possible

Incompletion Examine, critique, an(
improve the system the moment it
implemented

Process stability and standardization are the
nfoundations for continuous improvement

Continuous improvement processes through which

employees identify and then eliminate the ‘wasttéie

system
)

Jaist-in-time production Focus on customer pull so
that there is value flow rather than material flow

Task Interdependence*

Boundary location Boundaries should
be determined based on logical proces
criterion

[72)
1

* |s a work factor and not a work practice
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3.1.1. Middle management support

Defined as a “set of managerial practices thatitae in the implementation of
top management directives by providing resourcesiaterpreting the top management
directives to employees to accomplish their task(Ramus & Steger, 2000), middle
management support is associated with the STSipkenof compatibility and the LP
principle of Hoshin planning. Compatibility emphess the congruence between a
systems design and an organization’s long termctibbgs (Cherns, 1987). Planning for
and designing of the system should be the respititysitf the people who manage and
use it (Hyer et.al., 1999). The LP principle ¢fashin kanri (a.k.a Hoshin planning)
refers to a process used to identify and addressctitical business needs of an
organization by aligning company resources to aehithe organization’s long term
objective(s) (Dennis, 2007). Though it is top maragnt who uses Hoshin planning to
develop a road map that has a starting point agelstination (i.e. long term objectives),
and also a plan for getting there (i.e. system&gdgsit is middle management support
that determines the plan’s success or failure.

The successful implementation of top managemengicives depends on how
well middle management manages daily operationdites, interprets the change for
themselves and their teams, and most importantignneunicates the interpretation to
their teams, in an endeavor to achieve the top gemant’s vision (Balogun & Johnson,
2004; O’'Toole, 1995). Compatibility between the topanagement’s vision and its
execution can occur only if middle management suppihe change and facilitates in

consensus building within their teams. This hefpalign teams’ actions and decisions
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with top management’s vision, thus increasing tkelihood of achieving that vision

(Rue & Byars, 2003).

3.1.2. Employee involvement practice

The work practice of employee involvement is definas an approach that
emphasizes participatory organizational and managensystems that involves
employees in production planning, problem solveny] decision making activities aimed
at the success of an organization (Lawler et.&95). It is associated with the STS
principles of information flow, support congruenceulti-functionality, and transitional
organizations, and the LP principles of participatmanagement and labor utilization.

The information flow principle states that workated information should be
provided to individuals to complete their task($his information can be used by
individuals for the purposes of controlling, momitq, record keeping, and action taking,
and should be directed towards those who needttonait (Cherns, 1987). The principle
of support congruence states that organizationsuldhprovide for social support
structures such as appropriate reward systems ramntg opportunities in order to
reinforce the behaviors that the organization wdat®licit from its employees. The
principle of multi-functionality states that worlseshould be cross trained so that, when
the need arises, they can be made responsible dltipla tasks within the department.
The principle of transitional organizations statbst design teams should involve
existing employees in the planning and design stalgen transitioning into a newer

structure.
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The LP principle of participatory management &ateat employees should be
engaged and involved in the process of producti@amrpng, execution, and problem
solving at all times (Ohno, 1988). Involving emp@g not only helps to develop their
capabilities but also to improve the organizatioct®nces of success in the long term.
The principle of labor utilization states that emes need not stand in front of an
automated machine to monitor its operations; imstemployees should be trained to
perform multiple tasks so that their time and capgls well utilized (Ohno, 1988).

Thus, employee involvement is a process charattermf the job that allows
employees to participate in decision making thédc$ their jobs and in the designing of
new systems. Employees must be provided with jinaeld accurate work related
information in order to have meaningful and resjgaesparticipation. They are also
encouraged to participate by receiving approprsageport that reinforces behaviors the
organization wants to elicit at the time. Finallgtganizations that focus on labor
utilization provide employees with multi-functiontihining so that they can be actively

involved in organizational activities while beinglato perform a wide range of tasks.

3.1.3. Employee empowerment practice

The work practice of employee empowerment is @efims an “individuals’
cognitive state of mind which is characterized sease of perceived control, perceived
competence, and goal internalization” (Menon, 200f)is associated with the STS
principle of minimal critical specification and &watity, and the LP principle of stopping

production so that production never stops.
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The STS principle of minimal critical specificatigtates that management should
specify as little as possible about how jobs shd@gerformed, so as to leave room for
employees to use their creativity (Hyer et.al., %9However, one must first identify
only what is essential and critical to the sucadssbmpletion of the task(s), and only
that which is essential should be specified toghmloyees (Cherns, 1976; 1987). The
STS principle of authority states that employeesukh have the ability to access and
exercise power over resources in order to carrtloeit responsibilities (Cherns, 1987).
Employees are also made accountable for complétieilg task(s) with the appropriate
use of resources that they have access to andrayitver (Closs et.al., 2008).

The LP practice of ‘stop production’ states thamgpetent and well trained
workers using ‘autonomated’ machines are givenpibwer to push a button or pull a
chord that can stop the entire production line whiesy first identify defects or any
variation from the standards. The line continuegetaain shut down until the root cause
of the defect is resolved.

Thus, employee empowerment is a process in whichpetent, self motivated and
committed individuals expend high levels of effomjitiative, and persistence in
accomplishing their task(s). Organizations pronastgpowerment by designing jobs such
that employees are provided with no more infornmativan what is absolutely essential.
The information provided is usually essential antical to the successful completion of
the task(s). Employees at lower levels in the omgdion are given the control of and

access to resources to carry out their job respiitisis. They also have the authority to
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stop a production line when a defective part idpoed and not allow it to be moved to

the subsequent process until the root cause afdfest is corrected.

3.1.4. Technical practices

Technical practices include eleven commonly usedctwes that aim to
continuously eliminate all kinds of ‘waste’ by mimizing internal variability during
production (Shah & Ward, 2003; Hopp & Spearman, 400rhese practices are
representative of three bundles — just-in-time XJlbtal preventative maintenance
(TPM), and total quality management (TQM) — thatevelassified by Shah and Ward
(2003). The JIT bundle includes the practices ofl puoduction, continuous flow,
production leveling, and setup time reduction. TR bundle includes total productive
maintenance practices. TQM bundle includes thetipescof standardized work, kaizen,
zero defects, 5-S and visual control. The techmcattices are associated with the STS
principles of variance control and incompletiondaihe LP principles of continuous
improvement through stability and standardizatiod the principle of just-in-time.

The principle of variance control states that amgxpected deviations in the
output conformance should be controlled as closeassible to its point of origin
(Cherns, 1987). The work system should be designadh that it facilitates in the
identification, controlling and most importantlyreecting the source of the error, so that
defective parts are not fed downstream (Closs.e2@08). The principle of incompletion
states that there is no such thing as a final deerns, 1987). Systems design is an

iterative process. Stability is desired, but thgamization must continue to review and
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revise its design to reflect the appropriate charigeeope with the changing environment
(Closs et.al., 2008; Huber & Brown, 1991).

The principle of stability and standardizationtesathat in order to achieve
stability one must create standards (Dennis, 208@bility can be achieved when the
workplace supports management through organizatmmhstandardization, to be able to
correct any deviations from the standard conditibn.addition, machine operators’
ability to perform the basic equipment maintenatasi(s) such as inspection, cleaning,
lubricating, and tightening of loose parts redunceschine breakdowns, minor machine
stoppages, minor and hidden machine failures, angraves operational stability
(Dennis, 2007). Standard are set in place throughdardized work procedures. This
allows for repeatability by providing clear stamdaend points for each task(s) or
processes.

The principle of pull systems states that a wogkter must produce the right
component at the right time in the right quantity the subsequent work center. For
example, the pull production practice eliminates dhrer production and reduction in the
work-in-process inventory, the continuous flow piees, set-up time reduction practices,
and production leveling practices aim to reduceuheecessary delays in flow times by
elimination of unnecessary wait times. These JActices help in creating a pull system
which produces the right components at the rightetiin the right quantity. The
standardized work practices eliminate variancestaydardizing work in terms of its
content, sequence, timing and outcome (Spear & BpwW899). The total productive

maintenance practice maximizes equipment effectisgnand provides production
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stability by preventing unexpected equipment breakd These TOM and TPM

practices help achieve stable and standardizeduptiod process. Zero defects and
visual management practices reduce (or eliminagd¢ative parts from being sent to
subsequent operations in the production processehging a signal to stop production
until the root cause of the problem is resolvedeSENTQM practices facilitate the process
of variance control by detect and possibly reatifyiany deviations from the ideal.
Kaizen practices help examine critique and contlpumprove processes the moment
they are implemented. This TQM practice reflectse timotion that although

standardization and stability are desired, they ao¢ the end all. Organizations

continually strive to review and revise its pro@ss® adapt to the changing environment.

3.1.5. Task interdependence

Task interdependence is considered an importanictstal variable in
organization design literature. It is defined as thegree to which members within a
work unit need to work closely with each other,rehaaterial, and expertise in order to
complete the given task” (Cummings, 1978). Thisidtiral variable is associated with
the STS principle of boundary location.

The principle of boundary location states thataoigational boundaries should be
determined based on a logical process criteriow, @aot how it is supposed to be
managed. Structure should fit the process and et wersa (Cleggs, 2000; Huber &
Brown, 1991). It is essential that the boundariesutd be such that it does not impede
the sharing of information, knowledge and learn{@derns, 1987). Boundaries which

impede either the sharing of information, knowledigarning and/or resources lead to

106



interdependence. This interdependence could beedaby the manner in which
employee roles, skills and resources are diffeagedi and distributed within the
organization.

In the literature, degree and type of interdepandeis categorized as either
structural (Saavendra et.al., 1993; Thompson, 1987)sychological (McGrath et.al.,
2000; Wageman, 1995). Psychological interdependaacesists of goal interdependence
(manner in which goals are defined), reward andlldaek interdependence (manner in
which performance is rewarded and feedback is gj\ae overlooked in making a direct
association with the STS principle of boundary tmrabecause even though these begin
with task requirements of work, they extend inte f#ocial demand to work together to
achieve collective outcomes such as goals and dsav@icGrath et.al., 2000). In this

study, we will focus on the structural type of mtependence.

3.2. Research model

The recent research on lean manufacturing suggestslean is an integrated
social-technical system which encompasses a widetyaf management practices (i.e.
JIT, TQM, TPM & HRM practices) that work synergeslly to create a streamlined high
guality system (Shah & Ward, 2003; 2007). The dosiabsystem comprises of
employees and encompasses their aptitudes, aijtbdkefs, and their relationships both
within and between groups (Shani et.al., 1992; Pasm1988; Emery, 1959). The
technical subsystem focuses on how things get @madeconsists of consists of tools,

techniques, procedures, and technology used byosegd in an organization to acquire
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inputs, and transform inputs into outputs (Hupp @aR, 1995; Shani et.al, 1992; Emery,
1959). Figure 3.1 presents a theoretical modelnointegrated lean production system.
This model operationalized the integration of tlean and STS principles. More
specifically, the model presented shows the retlahg between the specific work design

practice and how it affects the quality of worleldnd employee performance.

Hlc

i
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Work Life
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Management
Support

Task
Interdependence

H4 H5

Hib Hé

Employee Employee
Empowerment Performance
P H3b

Hla

H2a
H4b

Employee
Involvement

Usage of Lean

H2b

Technical Practice

Figure 3.1. Research model for lean work practice

In figure 3.1, the middle management support caoostrinfluences the
implementation of the three employee involvememtcpces considered in this study —
information sharing practice, reward practices, draning practices (Huy, 2001;
O’Crevy, 1998; Lawler et.al., 1995; Fisher, 1986mnployees can find themselves being
involved when the middle managers facilitate thiferimation sharing practices by acting
as a conduit of communication between them andsenanagement (Mintzberg et.al.,

2003; Block, 2002; O'Toole, 1995). Middle managevbo by the virtue of their unique
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position in the organizational hierarchy are clasefrontline employees than the senior
managers, can facilitate in building a consensuwden employees to support senior
managements’ organizational strategic directionsie(R& Byars, 2003; Floyd &
Wooldridge, 1992). Middle managers can improve @ygé involvement initiatives by
providing employees appropriate training practisiege they are in a better position to
know where and what their problems are on a dajatpbasis (Huy, 2001; Facteau et.al.,
1995). Middle managers can sustain the employe@hiament initiative when
performance measures and reward practices arenramniflict with each other (Lawler
et.al., 1995). Middle managers attention to thes®extual dynamics would determine
the success of any employee involvement initiafileus it is suggested that:
Hla: Middle management support is positively relatd to the employee

involvement practices

In figure 3.1, the middle management support casstreates and fosters a work
environment within an organization which promotesptyees’ psychological
empowerment in terms of their feeling of perceiweatrol, perceived competence and
goal internalization (Menon, 2001; Klagge, 1998;t BuMolleman, 1998). Employees
feel empowered when middle managers enhance tbeling of perceived control by
delegating responsibility, promoting participatioand providing information and
resources (Kirkman & Rosen, 1999). Middle managars create an environment which
not only allow for employees’ to be able to makdiféerence in their day-to-day work
outcomes, but also have the choice in making dewsiabout their actions at work

(Spreitzer, 1995). Perceived competence of empkygaa be strengthened when middle
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managers actually use/implement their ideas andestigpns in the workplace. This
makes the employees feel more confident in theirtiab and capabilities to perform
activities with skill (Spreitzer, 1995; Guzzo €t,d1993). Middle managers formulate and
articulate the valued cause, objective or a visowrthe future of the organization, which
helps frontline employees to judge them in relatiortheir own individual ideals and
standards (Spreitzer, 1995). In doing so, middi@agars help align employees work
goals to the organizations’ goals and objectives ibgpiring, energizing, and
communicating the high performance expectationthefmanagement for them (Guzzo
et.al., 1993; Burns, 1978). Thus it is suggested:
H1lb: Middle management support is positively relagéd to employee

empowerment

As shown in figure 3.1, middle management supporistruct influences the
effectiveness of the four dimensions of qualitywadrk life considered in this study —
physical context, social context, job security, goll satisfaction. Middle managers can
influence the employees’ physical context, morecdjally, the safety and health issues
by making sure that physical work environment hhsraterial elements needed for
employees to perform their work and non-work relaéetivities without any safety or
health related inhibitions (Martel & Dupuis, 2008he social interactions at work can be
increased when middle managers organize team bgiklitivities (e.g. regular team get-
together, family picnics, meetings to discuss irdiials work related issues in a group,
etc). Organization changes such as downsizing atgborcing have adverse effects on

employee loyalty, moral, motivation and job segurince middle managers are closer
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to the daily operations than senior managers, ttay conceive, suggest, and set in
motion new ideas that the top managers may not teeght of (Huy, 2001), which may
result in sustaining or even creating of new jobbsmplement and execute those new
ideas. In addition, middle managers could helpefoah environment in the work place
which could be perceived by employees as intergséind stimulating (Rethinam &
Ismail, 2008). Thus it is suggested:

Hlc: Middle management support is positively relagd to the quality of work

life of employees

As shown in figure 3.1, employee involvement pi@edicontribute to the success
of the lean work design framework by supporting ghecess of employee empowerment
(Bowen and Lawler, 1992; Thomas & Velthouse, 198mpowerment can be achieved
when employees at the lowest hierarchical levelehagcess to the “right mix” of
information (about processes, quality, customedifeek and organizational policies and
procedures), training (regarding all aspects rdladevork and work safety), and rewards
(tied to organizational results and ones’ own jebfgrmance). The information provides
a framework on which employees can make sense efotiganizations goals and
objectives. They can then base their behavior atidres in a meaningful manner in work
activities beyond their immediate job duties (Lawét.al., 1992). Training not only
allows employees to perform their jobs effectivednd gives them a feeling of
competence (Lawler et.al., 1992), but in additiathwhe “right mix” of information it
also enables them to comprehend, and contributedking appropriate decisions about

their work, thereby giving them a feeling of pexeaal control. Rewards which are tied to

111



employees’ behavior and performance always motitfaen to perform better and get
involved. Thus it is suggested:
H2a: Employee involvement practices are positivelyelated to employee

empowerment

As shown in figure 3.1, employee involvement pi@edicontribute to the success
of organizational performance by promoting the esafjthe specific technical practices
— standardized work, pull production, continuowsaflproduction, production leveling,
setup time reduction, total preventative mainterarzero defects, and visual control.
Organizations that promote employee involvementpbyviding information sharing
systems, appropriate and timely training, and aimgrdewards which are linked to
individual/group and/or business performance cataitdy motivate employees to use
certain technical practices (Sumukadas, 2005; Rah,€2001; McLachlin, 1997; Lawler
et.al., 1992). Information sharing practices thaedvpe accurate, timely, and relevant
information encourage employees to use the visuaraol practice (e.g. Andon, 5-S) as a
means to reduce and/or eliminate quality defeatzdks, 1985), pull production practice
as a means to reduce over-production of unwantets §Koufterous et.al.,, 1998),
continuous flow practices to reduce and/or elinertae long wait and queue times (Shah
& Ward, 2003; Voss & Robinson, 1987), and produtt®veling practices to reduce lead
time, work-in-process inventory and stress, dueneven workload for employees (Shah
& Ward, 2003; Koufterous et.al., 1998; Voss & Ramn, 1987). Training practices
provide opportunities for employees to build conepetes in their jobs by learning how

to interpret and execute the standardized procassictions (Shah & Ward, 2003; Spear
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& Bowen, 1999), practice setup time reduction teghes (Shah & Ward, 2003;
Sakakibara et.al., 1997; Voss & Robinson, 1987)fop@ machine maintenance to
reduce machine downtime (Shah & Ward, 2003; Koafteret.al., 1998; Voss &
Robinson, 1987), and identify and eliminate sourcksjuality defects in operations
(Voss & Robinson, 1987). Reward practices fostereamironment in an organization
which motivates employees to perform better thagirtprevious ways by using the
technical practice of kaizen and continuous impnoeet (Shah & Ward, 2003;
Koufterous et.al., 1998; Voss & Robinson, 1987)udit is suggested:
H2b: Employee involvement practices are positivelyelated to the usage of

technical practices

As shown in figure 3.1, employee empowerment caftuence the four
dimensions of quality of work life considered instlstudy — physical context, social
context, job security, and job satisfaction. Orgations that encourage employee
empowerment by enhancing their feeling of perceigedtrol, perceived competence,
and goal internalization will usually see an inseh workforce commitment and
humanization of the workplace. This in turn, result improved quality of work life
(Barling et.al., 2003; Podsakoff et.al., 1997; Qokeal., 1997).

The quality of work life based on the physical @xtt(i.e. work place safety and health
issues) can be safer and healthier when emplogstgHat they are in control of their
physical work environment (Barling et.al., 2003;088n et.al., 2000). Empowered
employees can influence work unit outcomes by takawnership of the process

(Spreitzer, 1995; Ashforth, 1989), thereby makinggifer, cleaner, and healthier for them
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to work in. The quality of work life based on thecsl context (i.e. quality of social
interaction with colleagues at work) can be impobwden competent employees interact
with co-workers to offer work related expertise afe@dback, and share power and
authority to complete a task (Liden et.al., 200Qrganizational changes such as
downsizing, rightsizing, and outsourcing have adelr affected perceived job security.
The quality of work life based on the perceptionalf insecurity can be reduced if not
completely eliminated when employees feel a serispetceived competence. Being
competent at one’s job makes an employee a valwegset to the company and most
likely he will be able to keep his job longer. Theality of work life based on the job
satisfaction can be enhanced when employees festnge of goal internalization
(Treville & Antonakis, 2006; Liden et.al., 2000)miBloyees are satisfied when they feel
that the work they are doing is not only meaninghut also challenging which may
provide opportunities for recognition in the futufidus it is suggested:

H3a: Employee empowerment is positively related tthe quality of work life

Organizations that encourage employee empowermemnbancing employees
feeling of perceived control, perceived competeacel, goal internalization are expected
to see higher levels of employee performance thrganizations that do not (Sigler &
Pearson, 2000; Spreitzer, 1995). Employees whe\methat they can have an impact on
their work through autonomous initiation and regjola of their own behavior, have the
necessary skills to do the job, and most imporyacwhsider what they do at work to be
meaningful show a higher level of performance tbaes that do not. Employees’ ability

to control and/or influence decisions that afféwit work area can lead to improvement
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in work quality. Employees’ competence in addititbm the control can lead to an
increased productivity and dependability to meetgigoals. The above outcomes are
only possible if the employee intrinsically cardsoat the task(s) at work. Thus it is

suggested:

H3b: Employee empowerment is positively related tomprovement in

employee performance

As shown in figure 3.1, employee empowerment cbuatds to the success of
guality management programs in an organization bgperting the application of
specific technical practices considered in thisdgtu standardization practice, pull
production practice, continuous flow practice, prctibn leveling practice, setup time
reduction practice, total preventative maintenapiaectice, zero defects, visual control
practice, and continuous improvement practice. Bagped employees use either a
single technical practice or a combination of salvdechnical practices to make
improvement in product and process design, padieipn problem solving activities,
manage quality control responsibilities, maintainoduction levels, and schedule
equipment maintenance (Psoinos & Smithson, 200ePd 995). Organizations that
encourage employee empowerment by enhancing tkelin§ of perceived control,
perceived competence, and goal internalization uslhally see an increased usage of

technical practices.

Employees’ feeling of perceived control promotes tisage of certain technical

practices: pull production practice, zero defeats] visual control. Empowered workers
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have the authority to stop the production line whefective parts are produced and keep
it shut down until the root cause of the errordientified and counter measures are put in
place (i.e. zero defects). Employees who work ddéngasn, control inventory in the
system by requesting goods as and when they adeddeom employees upstream (i.e.
pull production). Empowered employees have theaiithto sort and discard materials
used on the shop floor; in addition, they can setgeols for signboards, walkways, and
protective clothing needed on the shop floor, dmltcan maintain a clean, organized

workplace (i.e. visual control).

Employees’ feeling of perceived competence promdles usage of certain
technical practices: setup time reduction and fotaentative maintenance. Empowered
workers have the appropriate training to reducestteup times required when changing
from one operation to the next through practice aading special fixtures that convert
internal setups to external setups (i.e. setup tedection). Empowered employees have
the training to perform basic equipment maintenamogk such as inspection, cleaning,

lubricating, and tightening of machine componenés (otal preventative maintenance).

Employees’ feeling of goal internalization prom®tthe usage of technical
practices. Empowered employees who not only ascribe the organizations
goals/objectives, but also are ready to act onbébalf are likely to use technical
practices. To eliminate waste by maintaining androwing the production flow,
empowered employees will engage in continuous fioactice, pull production practice,

production leveling and setup time reduction pc{Shah & Ward, 2003). To sustain
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and improve product and process quality, empoweretployees implement work
standardization practice, zero defects, visual robntpractice, and continuous
improvement practices (Shah & Ward, 2003). To maerequipment effectiveness,
empowered employees use total preventative mainten@ractices (Shah & Ward,
2003). Thus it is suggested:

H3c: Employee empowerment is positively related tthe usage of technical

practices

As shown in figure 3.1, technical practices areeex@d to improve employees’
performance through the systemic usage of techsicual tools in managing the
production flow activities, continuous improvemerdctivities, and equipment
maintenance activities (Shah & Ward, 2003; Spedafven, 1999; Koufterous, 1998;
Sakakibara et.al., 1993; Voss & Robinson, 1987;a8121985; Sugimori et.al., 1977).
While some studies (Parker, 2003; Bruno & Jordd@922 Babson, 1993) suggest that
technical practices are not directly related to lewyge performance, other studies
(Lander & Liker, 2007; Shah & Ward, 2003, Suzakd8%) find evidence that the
technical practices have a significant impact opleyee performance by managing the
production flow activities, continuous improvemerdctivities, and equipment
maintenance activities. Production flow practicesch as continuous flow practice, pull
production practice, production leveling, and setimpe reduction practices) improve
employee performance by facilitating the continuceguction and eventual elimination
of all forms of waste, more specifically, the wastsulting from high work-in-progress

inventory and the waste resulting from unnecesdatsys in flow time (Ohno, 1988).
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Continuous improvement practices (such as starzirdn practice, zero defects, visual
control practices, and kaizen practices) improveplegee performance by increasing
productivity and decreasing the quality defectsthe production process (Grout &
Stewart, 2001; Spear & Bowen, 1999). The equipnmeaintenance practices (such as
planned, predictive, and preventative maintenancactiges) improve employee
performance by facilitating in the maintenance ajuipment(s) efficiency and
effectiveness and prevent any unplanned downtinméchvmay result in increased flow
times and reduced productivity and dependabilitpkékibara, 1997; Finch & Cox,
1986). Thus it is suggested:
H4a: Technical practices usage is positively relat to the improvement in

employee performance

As shown in figure 3.1, technical practices areeex@d to improve employees’
quality of work life through the systemic usageethniques and tools to facilitate in the
improvement and maintenance of safety and healtiessin one’s workplace, allow for
team building opportunities, development of onegsspnal skill, and achievement of a
feeling of job satisfaction (Rethinam & Ismail, B)Martel & Dupius, 2006; Sirgy et.al.,
2001; Brown et.al., 2000; Lau & May, 1998; NadlerL&wler, 1983; Levine, 1983).
Technical practices such as 5-S and visual corftedp make the physical work
environment safer. These practices promote safetynéking sure tools, raw materials,
and component parts are in its place and that trk& @nvironment is self explaining, and
self improving through visual cues. Technical pis such as pull production,

continuous flow production, and kaizen activitiesorpote opportunities for social
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interaction with colleagues at work. These prastisapport social interaction as team
members are required to communicate and coordthateactions and task(s) with each
other. Technical practices such as zero defecisekaand total productive maintenance
can lead to a feeling of job satisfaction. The pecacof zero defects and total productive
maintenance, which empowers employees to take ativeeaction to make sure they
have error free production, could result in a feglof satisfaction for a job well done.
The ability to participate in kaizen activities r@solve issues that have caused strife at
work could also result in a feeling of job satigfae. In today’s work environment very
few companies can promise job security to their leyges. However, employees that
adopt and routinely apply the technical practiaegheir daily work task(s) are more
likely not to be fired as opposed to employees daatot. Thus it is suggested:

H4b: Technical practices usage is positively relatl to the employee quality

of work life

As shown in figure 3.1, employees’ quality of wdifle is expected to influences
employee performance through the provision of aersaind cleaner physical work
environment, opportunities to socially interactiwtiolleagues, assurance of job security,
and a feeling of job satisfaction (Phusavat et20Q9; Lau & May, 1998). A safer and
cleaner physical work environment reduces workplatated injuries, injury costs, and
days lost and helps improve employee productiviggovn, 1996). Employees that do
not feel safe in their jobs are most likely to mat their jobs well (Das et.al., 2008).
Collegiality and social interactions at work cariphenprove employees’ relations with

each others at work so that they can collectivagtigbute to the accomplishment of
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organizational objectives/goals by improving theeim performance (Briscoe, 1980). The

assurance of job security is an important determired employee health, employee

turnover, and employee commitment. Healthier eng#sy who are committed to the

organization will perform better than employees whimain absent (due to iliness, stress
etc) and are not as committed to the goals/objestof the organization. While a study

conducted by Page & Wiseman, (1993) suggest thadgtisfaction is not directly related

to employee performance, other studies (Vallar@97; Osterman, 1995) suggest that
improvements in employee performance can be acdthiievieen the employees are

committed and satisfied. Thus it is suggested:

H5:  Quality of work life is positively related to the improvement in

employee performance

As shown in figure 3.1, task interdependence alteescourse and consequences
of employee empowerment in an organization (Sonetet., 2009; Barrick et.al., 2007;
Bacharach et.al., 2006; Langfred, 2005). As tasksoime highly interdependent, the
need for employees to interact and coordinate wdhh other increases (Wageman,
1995). This creates an opportunity for conflictdjietr then result in lower employee
performance (Wilmont & Hocker, 2001; Guzzo & Sh#392). However as tasks become
less interdependent, employees work relativelypedeently of one another, without the
need to interact and coordinate with each otheguieatly. This results in improved
employee performance. Thus it is suggested:

H6: Task interdependence moderates the relationghibetween employee

empowerment and improvement in employee performance
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CHAPTER 4. RESEARCH METHODOLOGY

This chapter details the methods used to condseiareh that aims to develop a
model for lean work practice that explains the rmt#ationships between middle
management support, employee involvement, emplogaegowerment, technical
practices, and task interdependence with employeguptivity and quality of work life.
The research design (i.e. unit of analysis, kepardent, target sample frame, sample
size, and survey administration) is explained firfhe next section provides the
measurement items, along with a discussion of thaderlying structure. The last section

contains the methods used for measurement andwtilicalidation.

4.1. Research design
4.1.1. Unit of analysis

The unit of analysis in this study is a ‘team’.eThespondents were asked to
answer the survey items with respect to their teawiibin the department. For the
purpose of this study, a team is defined as a g(ogre than two) of people associated
together at work or in an activity wherein eachsper has a distinct role (Bamforth,

Griffin, 2008).

4.1.2. Key respondent

For this study, survey respondents included fleopervisors, manufacturing
supervisors, production supervisors, and team tsadgy virtue of their hierarchical

position within their companies, these individualere the most informed respondents.
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They possessed sufficient understanding of midddmagement support for employee
involvement and empowerment initiatives, and ditaadwledge of the extent to which
their shop floor employees were involved and emped.e

Key respondents in this study were also potentialiyare of the quality of work
life of their employees, as they interact with thelosely on a daily basis. Interviews
with operation managers confirmed this selectienthay agreed that supervisors of shop
floor employees would be the most informed respaotsldor this kind of study.
Triangulation of performance data is achieved byniadstering the survey to both
supervisors/team leaders and their reporting man@agethe operations manager) within

the department.

4.1.3. Target sample frame

The population of interest in this study inclugglsmanufacturing organizations
in the United States that can be identified witlC $bdes 311 through 339. Since the
purpose of this study is to develop a model fonleark practice, the sample frame was
comprised of manufacturing plants in the Unitedt&tahaving a minimum of fifty
employees. This threshold was chosen based ommumaliy interviews with academic
experts in the field and with plant managers. Bgithups agreed that a plant with less
than 50 employees most likely would not possessthanizational structure necessary
for testing the research model.

The target sample frame was selected from threessu
1. Manufacturing plants with more than 50 employeesewandomly selected from

the directory of the Association of ManufacturingcEllence (AME).
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2. An online business directory called Jigsaw was useddentify and select
additional manufacturing plants within the Unitedt8s.
3. Personal contacts and references from Clemson titlydaculty and alumni

were also used to identify and select manufactyslagts in the United States.

4.1.4. Sample size

To make sure that the statistical tests performetlis study will detect an effect
in the sample size when, in fact, a true effecstsxin the population, the sample size has
to be adequate (Cohen, 1988). A review of theaipmrs literature revealed that there is
no consensus on the exact number of responsescéadstudies applying the SEM
technique for testing a structural model (Schumaekel Lomax, 2004; Mitchell, 1993).
According to Shah and Goldstein (2006), in a reviefvarticles in the Journal of
Operations Management, sample size should be: rhjnanum of 200, as a rule of
thumb, or 2) based on the number of observed asamumber of parameters to be
estimated, and adequate statistical power deditedce, a sample size of at least 200
responses was required for this study, in ordeertsure that a true effect would be

detected within the population.
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4.1.5. Pilot study administration

The pilot survey was administered online using emand, a national market

research firmvww.zoomerang.cojn This firm sent out the survey to its online pane

which fit with the key respondent profile and thergple target frame described earlier
(Sections 4.1.2 - 4.1.3). In order to gain bettmtol over the target frame and ensure
that respondents answering the survey were the walkinformed individuals about the

survey items, the following screening questionsewecluded in the survey:

e Which industry best represents your organizatiordgr product from the list
provided?

e How many employees work at your plant?

e Please indicate the job that best describes yaitipo in the organization?

e Do you work in manufacturing?

e How many years have you worked with this organarei

e Do you directly supervise shop floor employees ¢inr@e operators?

4.1.6. Final survey administration

For the final survey, a comprehensive list of 13#fiential respondents was
compiled from the AME directory, Jigsaw — onlindesadirectory, and personal contacts
and references. This list contained individual'snea, their company names, e-mail ids,
and their job title. The final survey was administeto this list using the total design

methodology for e-mail surveys procedure suggedsyedillman’s (2000).

¢ Zoomerang is a market research firm that has over 3 million members in its research panel. These
members are profiled across 500 attributes. Individuals that belong to this research panel have double
opted into the panel to participate in surveys. Double opt-in implies that the panelists sign up and are
given the opportunity to withdraw from the panel, ensuring that they do want to participate. Panelists are
provided with incentive points for each survey that they complete. Respondent quality in Zoomerang is
maintained and fraudulent behavior is curbed by monitoring the survey taking time and response pattern
for individual respondents.
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Four rounds of e-mail correspondence were carriatd with the potential
respondents. The first contact was made in the fofra brief e-mail asking potential
respondents if they would like to participate ie tlesearch study. Immediately following
their acceptance, an e-mail with the cover lettef the link to the online survey was sent
in a reply e-mail. One week later, a second comat made through e-mail which
contained the same link to the online survey. Agpnately, two weeks after sending the
survey link, a reminder e-mail (third contact) uding the online survey link again was
sent to those who agreed to participate in theystoat had not yet completed the survey.
The fourth and final contact was made with respatelevho did not respond to any of
the former contacts.

An indirect approach was also used to increaserébponse rate of the most
informed respondents. An initial contact was maid& fith the managers who were
associated with manufacturing in a plant. Thegideught for the purpose of this study
were operations manager, production manager, agmus improvement manager, and
manufacturing manager. These respondents receineetink to the online survey, and
were asked to forward the link to one supervisantdeader who directly reported to
them. The confidentiality of supervisor responses waintained as their managers were

not given access to their responses.

4.2. Construct measurement

The measures for the constructs used in the stadyg either been adopted from

existing scales or newly created. An iterative pescof pre-testing and pilot testing was
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used to improve the measurement properties ofiegistales as suggested by Malhotra
and Grover (1998). For the construction of new messand their associated scales, the
two stage scale development approach (figure 4idgested by Menor and Roth (2006)

was used. The measurement properties of constwets then assessed in terms of
dimensionality, reliability and validity (Churchjll979).

Specify theoretical domain|
and operational definition “FRONT END"
of constructs

Generate Items No
1. Literature Review

2. Structured expert interviews

|

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1 Purify and Pretest items
: 1. Item sorting by independent
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Reliability and valid

panels of expert judges items

2. Expert judge feedback on time

Yes

|

Questionnaire development

1. Define population and sample Final Survey
2. Design survey instrument Instrument

3. Pilot test instrument

| Survey data collection | "BACK END"

Confirmatory Analyses
1. Item and scale reliability

2. Scale validity

|
|
1
1
|
|
|
\L ‘ Yes 1
1
|
|
|
1
|
|

2. Examine modification indices
3. Exploratory factor analyses

Item and scale refinement
Future Research

1. Review theory & construct definitiong

Figure 4.1. Scale development approach (adopteh fMenor and Roth, 2006)

This section describes the following:

1. The item sorting approach used to purify and pseitems;
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2. The measurement items used for the construct®ineearch model;
3. The control variables used in the study; and

4. The approach to modeling and measuring the construc

4.2.1. Item to construct sorting

As shown in Figure 4.1, the construct definitiorddts multi-item scales were
subject to rigorous empirical scrutiny to establilsair reliability and validity. Based on
an initial review of the literature, the theoretidamain and operational definitions were
identified for the constructs and their factorsn@®y items were generated for the study
based on adaption of existing measurement itemst@ation of new items.

Measurement items were purified and pretestedutiirseveral rounds of item
sorting exercises. The preliminary survey instrutnveas administered to undergraduate,
full-time MBA, executive MBA, and Ph.D. students the operations management
program at Clemson University. It consisted of &niton for each construct used in the
study, and a randomized listing of all the measemnmtems. For each item sorting
round, students were asked to match each measuré&emanto the construct definition
that they deemed to be most appropriate. Each raeindtem sorting produced
independent samples of judgment-based, nominalvdaitzn was used to assess the inter-
rater reliability and substantive validity of theeasurement items. In order to include an
item in the final survey, the raw inter-rater agneat percentages, along with Cohen’s k
value, must be greater than 0.65, as suggestedooyedvénd Benbasat (1991).

To improve the face validity of these measurenitenis, interviews with experts

(e.g. operations managers, supervisors, and maaobpesators) in the field were
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conducted. An expert identified in this study wag ¢that has the appropriate knowledge,
experience, and motivation to evaluate the follgvirelevance of the constructs of the
study to practice, degree to which each item cagtuts constructs, and degree of
difficulty to rate the selected measurement iteifise identified experts were most
informed about recognizing the relationships betwtde work practices chosen in this
study. Based on the interviews with these expesesyeral items in the initial

guestionnaire were revised to improve readabilitgt &0 provide better coverage of the

construct content.

4.2.2. Measurement items

This section provides the definition and measurgmigéms used for each
construct in the research model. Middle managersepport, task interdependence, and
employee performance were measured as first oastiuicts. Employee involvement,
employee empowerment, technical practice, and tguadiwork life were measured as

second order constructs, having multiple first ofdetors.

4.2.2.1. Middle management support

Middle management support is defined as a set ahagerial practices that
facilitate in the implementation of top managemairgctives by providing resources and
interpreting the top management directives to eygse to accomplish their task(s)
(Ramus & Steger, 2000). The measures were adamedRamus and Steger (2002) and
from Schlesinger and Oshry (1984). These itemslaogvn below:

¢ MMSL1 - My manager spends time with me to explainjatypriorities
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e MMS2 - My manager provides me with the necessaguees to accomplish
my tasks effectively

¢ MMSS3 - My manager facilitates in the implementatafrquality
improvements in this department

e MMS4 - My manager provides me with the necessagurces to improve
product quality

4.2.2.2. Employee involvement

Employee involvement is defined as an approach éhghasizes participatory
organizational and management systems that invengdoyees in production planning,
problem solving, and decision making activities eihat the success of an organization
(Lawler et.al., 1995). This practice consists ofeth factors — information sharing,
reward, and training practices. The definitions d@he measures of these factors are
provided below.

Information sharing practice. Information sharing practice is defined as acfet
activities aimed at facilitating the exchange oformation about operational and
administrative functions with and between employeean organization (Riordan et.al,
2005). Adapted from Riordan et.al. (2005), Denigd890), and Lawler et.al. (1995), the
items used in the study are as follows:

e |S1 - Information regarding company policies andgadures is shared with
my team members

e |S2 - My team members receive regular feedback taheir work quality

e [S3 - Myteam members’ productivity details arergldavith them on a
regular basis

e |S4 - My team members are kept informed when soimgimportant occurs
in the department

e |S5 - My team members share information about theitk processes with
each other

e |S6 - My team members share information regardes practices with each
other

e |S7 - My team members share their productivity deth each other
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e |S8 - My team members share their frequency of nmachreakdown with
each other

Reward practice.Reward practice is defined as a set of activitisged at linking
rewards directly to individual performance and bess results (Lawler et.al., 1995).
The items were adapted from Lawler (1986) and Vahdey (1996). The items are

shown as below:

e R1 - Myteam members are rewarded with bonuses wheplant performs
well

e R2 - My team members receive recognition / praisemthey help achieve
the goals (objectives) set for this department

e R3 - Myteam members are rewarded when they malexiaa effort to
improve overall performance of this department

e R4 - My team members receive a letter or a ceatifiof appreciation when
they perform well

e R5 - My team members are rewarded when they ledditianal skills related
to their work

Training practice. Training practice is defined as a set of activitesed at
providing training for specific skill-sets relevamd one’s work assignment in an
organization (Sumukadas, 2005). The items were tadojpom Sumukadas (2005) and

are shown as below:

e T1- My team members are provided with trainingpecific job skills needed
to do their job

e T2 - My team members are provided with traininggéoform multiple tasks in
this department

e T3 - My team members are provided with trainingniprove their ability to
work as a team

e T4 - My team members are provided with trainingpiablem solving skills
related to their work

e T5- My team members are provided with trainingjuality improvement
skills related to their work area
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4.2.2.3.

Employee empowerment

Employee empowerment is described as the spedfaitions an individual has

about their work environment. It is measured asetierience of power in terms of three

dimensions - perceived control, perceived competeand goal internalization (Menon,

2001). The definitions and the measures of thasesions are provided below.

Perceived control.Perceived control is defined as an individual’'sceetion of

autonomy in the scheduling of work, performancevofk, utilization of resources, and

decision making (Menon, 2001). The items were agthfitom Kanter (1983), Menon

(2000), and Keltmer et.al (2003). The items arexshbelow:

PCTRL1 - My team member influence process chargasaffect their work

PCTRLZ2 - My team members influence changes in therk methods

PCTRL3 - My team members influence the way in whagks are completed
in their work area

PCTRL4 - My team members influence decisions assutes that affect their
work

Perceived competencePerceived competence is defined as an individsali

efficacy and confidence with regards to role demnsafdenon, 2001). The items were

adapted from Conger and Kanungo (1987) and Men@d1(2 These items are:

PC1 - My team members are confident that they catineir job well

PC2 - My team members demonstrate competence inngdkeir job tasks
PC3 - My team members have the capabilities to theatjob demands
PC4 - My team members have the ability to perfdmairtjobs effectively
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Goal internalization. Goal internalization is defined as an individudialief in
the goals of the organization and his/her readitesst on its behalf (Menon, 2001). The
items were adapted from Menon (2001). These itemis a

e GI1 - Working towards the goals (objectives) oktbepartment is important

to my team members

e GI2 - My team members are enthusiastic and readgtttowards achieving

the goals (objectives) of this department

e GI3 - My team members are inspired by the goalg@iives) of this

department

e Gl4 - My team members are willing to help this d&yment achieve its goals

(objectives)

e GI5 - Achieving this department’s goals (objectivissmeaningful to my
team members

4.2.2.4. Quality of work life

Quality of work life is defined as the conditiorperienced by individuals that
result from the effectiveness of their work envirmnt (Martel & Dupius, 2006;
Rethinam & Ismail, 2008). It is a multidimensiomainstruct. This study focuses on four
dimensions - physical context, social context, jebcurity, and job satisfaction
(Cammann et.al., 1983). The definitions and the smess of these dimensions are
provided below.

Physical context. Physical context is defined as the organizatioysjral
environment that is likely to influence the worksefety and health (Rethinam & Ismail,
2008; Martel & Dupius, 2006; Brown et.al., 2000;dNa & Lawler, 1983). The items are
adapted from Brown et.al. (2000) and Martel andiDsif2006). These items are:

e PHYCL1 - The quality of air, lighting, and noiserity work area is satisfactory

e PHYC2 - Safety protocols are enforced to preveaidants in this department

e PHYC3 - Health issues are considered when desigrithgnging the way
tasks are accomplished in this department

132



PHYC4 - Eating areas within the plant are cleanlaygienic
PHYCS5 - Restrooms within the plant are clean angldnic

Social context. Social context is defined as the quality of sociéraction with

other employees in the organization (Martel & D&piR006; Sirgy et.al., 2001; Levine,

1983). These items were adapted from Sirgy e28l01) and Martel & Dupius (2006).

These items are:

SC1 - My team members can always count on each fathsupport at work

SC2 - My team members have a good relationship @atth other at work

SC3 - My team members are always willing to helgheather when needed at
work

SC4 - My team members are friendly with each o#ttevork

SC5 - My team members can talk frankly about tjoddrwith each other at
work

Job satisfaction. Job satisfaction is defined as the appraisal aalinfg one has

towards their job. The items were adapted from Beath et.al.(1991) and Rethinam and

Ismail (2008). The items are:

JSAT1 - My team members enjoy coming to work evayyd
JSAT2 - My team members are satisfied with their jo

JSAT3 - My team members enjoy performing theirydgib activities
JSAT4 - My team members have very few complaintaiatheir job

Job security. Job security is defined as the ability of the oigation to provide

stable full time employment regardless of the cleang the environment. The items are

adapted from Rethinam and Ismail (2008). The itanes

JS1 - My team members do not worry about losing {bb

JS2 - My team members have job security within éinganization

JS3 - My team members have job stability withirs thiganization

JS4 - My team members’ jobs have not been affduyddyoffs in this plant
JS5 - My team members’ job will not be affectedalrgecession
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4.2.2.5. Task interdependency

Task interdependency is defined as the degreehtohwnembers within a work
unit work closely with each other and share maltara expertise in order to complete a
task (Saavendra et.al., 1993; Thompson, 1967).it€hes were adapted from Saavendra
et.al., (1993) and are shown as below:

e TI1 - My team members work in groups to get thedobe in this department

e TI2 - My team members rely on each other to gejdbalone

e TI3 - My team members frequently have to coordinbédr efforts with each
other to complete their jobs in this department

e TI4 - My team members work in groups to get thedobe in this department

4.2.2.6. Technical practices

Technical practices are defined as a set of mestaimed at eliminating waste
and reducing buffers (i.e. capacity, inventory, dedd time) by minimizing internal
variability during production (Shah & Ward, 2007ppp & Spearman, 2004). These
practices are operationalized using ten indicatbes were identified as the common
technical practices from an extensive review of goality management literature, and
from interviews with operations managers at the Abdaference (Kentucky, 2009). The
measures for these eleven indicators were adopbed Hill (2000). The definitions and
measures of these indicators are provided below.

Standardized work. Standardized work is defined as a set of discreteof
formal, written work instructions for each proc€Spear & Bowen, 1998). The items are:

e SP1 - My employees use well documented standardigecating procedures

to complete their task
e SP2 - My employees receive standardized processi@tions
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Pull production. Pull production is defined as a practice that exhji limits the

amount of work-in-process in the system (Hill, 2DIhe items are:

e PP1 - My team members authorize and control proalutty using kanban
cards, squares, containers, or space allocations
e PP2 - Production at one work station is initiatedoading to the demand at

the next work station
Continuous flow. Continuous flow production is defined a practicgpofducing
and moving small batches (ideally, lot size of otiepugh a series of processing steps

with minimal inventory and almost no waiting betwesteps (Hill, 2010). The items are:

e CFP1 - My team members move materials in smalliest¢through the
production process with almost no waiting at waekiens
e CFP2 - There is low waiting (queue) times obseffeedanaterial flow through

the production process
Production levelingProduction leveling is defined as a practice ofritigtion of

production volume and mix evenly over time (HilQ1D). The items are:

. PL1 - My team members work on a schedule in whiehproduction volume
and mix are evenly distributed over time
. PL2 - Production schedules are level and stable
Cellular Manufacturing. Cellular manufacturing is defined as a practice in
which equipment and workstations are arrangedsacmence that allows for continuous
and smooth movement of material to produce prodinota start to finish in a single

process flow, while incurring minimal transportatjavaiting, or delays (Hill, 2010). The

items are:

. CML1 - Workstations are arranged in a sequencedacestransportation and
delay of materials through the production process

. CM2 - Groups of machines are dedicated to procggmnts that require
similar sequence of operations

135



Total Productive Maintenance. Total productive maintenance is defined as a

practice that ensures uninterrupted and efficiesg af equipments through operator

involvement (Hill, 2010). The items are:

TPML1 - My team members dedicate a portion of eaghtd equipment

inspection / maintenance activities
TPM2 - Machine operators in this department camiifly and repair minor

equipment problems

Setup time reduction.Setup time reduction is defined as a practice rbditices,

simplifies, and or eliminates the work requirecciranging over machine setup from one

item to the next item (Hill, 2010). The items are:

e STRI1 - My team members develop special tooling|fixs) to reduce setup

times
STR2 - My employees prepare the set-up for the ap&tation while working

on the current operation

Zero Defects. The practice of Zero Defects is defined as a tephithat

improves quality and promotes error free productimmugh employee empowerment

(Hill, 2010). The items are:

ZD1 - My team members eliminate the root causerablems when quality

defects occur in their work areas
ZD2 - My employees stop the machine (line) whery identify defective

parts from being produced

Visual control. Visual control is defined as a visual design systéat has

simple indicators and metrics that can be seenuadérstood almost immediately (Hill,

2010). The items are:

VC1 - My team members visually display the produttstatus for current

operations at their work stations
VC2 - Warning lights on (or near) a machine displag current status of that

machine
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Kaizen/continuous improvement. Kaizen is defined as a practice that
continuously strives to make incremental improvetseéhrough employee involvement
(Caffyn, 2001). The items are:

o K1 - My team members initiate continuous improvetrativities in their
work area on a regular basis

. K2 - Continuous improvement efforts are an onggragess in this
department

5-S. 5-S refers to a practice that helps organizatiamplgy, clean and sustain a

productive work environment (Hill, 2000)he items are:

. 5-S1 - My team members maintain a clean and weldi@d work place using
"5-S" practices

. 5-S2 - My employees return tools and materialféirtdesignated places
once they are used

4.2.2.7. Employee performance

Employee performance is defined as an appraisatepsoin which the management
evaluates employees on how well they do their jolrmpared with a set of standards
determined by the department / organization (Motibaviet.al., 1997; Globerson &
Riggs, 1989). The measures were adapted from Ahamad Schroeder (2003), and
Motowildo et.al. (1997).

. EP1 - My team members’ abilities to deliver workmu on time has
improved over the past three years

EP2 - My team members’ productivity has improvedrahe past three years

EP3 - My team members absenteeism has decreasethe\mast three years

EP4 - My team members’ work quality has improvedrahe past three years

EP5 - My team members’ overall performance has avgul over the past
three years

o EP6 - My team members’ dependability in meeting ttepartment’s goals
(objectives) has improved over the past three years

137



4.2.3. Control variables

A review of the operations literature suggest sia¢ of plant, age of plant, union
representation and production process (i.e. jobpshHmtch shop, assembly line,
continuous flow production) should be included asmtmls for measuring employee
performance and quality of work life (Conti et.&dQ06; Shah & Ward, 2003; Cooney,
2002). Hence, in this study, questions were inaluikethe survey to control for these
four variables. The control variables were operstlized as follows:

e Size of the plant — How many employees work at ydant?

e Age of the plant — How many years ago did this ptgren for production?

e Union representation — Approximately what perceatafjthis plant's employees
are represented by a union?

e Production process — Please select the operatmress of your major product at
your plant?

4.2.4. Construct identification and measurement

When using structural equation modeling, the uydey structure of the
constructs must be conceptualized before proceddittieir measurement (Howell et.al.,
2007). More specifically, the nature and directodrelationships between the constructs
and their indicators needs to be clarified. Indicaitcan either be reflective or formative
(Edwards & Bagozzi 2000). Reflective indicatorsressent reflections, or manifestations,
of a construct (Bollen 1989), while formative ingfiors form, or produce, their
associated construct (Fornell and Bookstein 1982).

According to Jarvis et al. (2003), constructs @@nclassified as formative or
reflective, based on the answers to the followmgy fquestions:

e What is the direction of causality between condtrand indicators?
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e Are the indicators interchangeable?
e |Is there any covariation amongst the indicators?
e Does the nomological net of the construct indicatbffer?

Table 4.1 Criteria to determine the structure (egjlective, formative) of the constructs

Reflective Formative
Scale Scale

Direction of causality

e Do indicators define the characteristics of the No Yes
construct?

e Do changes in the indicator cause changes in the No Yes
construct?

e Do changes in the construct cause changes in the Yes No
indicators?

Interchangeability of indicators

e Do the indicators share a common theme? Yes No

e Does dropping an indicator alter the conceptual No Yes
domain of the construct?

Co-variation amongst indicators

e Does a change in one of the indicators also Yes No
associated with a change in other indicators?

Nomological net

e Do the indicators have the same antecedents and Yes No
consequences?

Based on the assessment of the conceptual struftaomstructs, the investigation of the
causal relationships between indicators and coctstriand the analysis of previous
studies that measured similar constructs, the relseaodel developed for this study is
comprised of all reflective constructs except frhnical practice, which is modeled as a
formative construct.

Standard statistical procedures — Factor analgsid internal consistency
reliabilities — were used to validate indicators reflective constructs (i.e. middle

management support, employee involvement, employempowerment, task
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interdependence, quality of work life, and employeerformance). Guidelines for
measuring the formative construct (i.e. technicahcpce), however, are not as
straightforward. According to Diamantopoulos andnWhofer (2001), successful index
construction for formative constructs relies onrforitical issues:

e Content specification - The domain of content tidek is supposed to capture
(Bagozzi, 1994);

e Indicator specification - The indicators must coviee entire scope of the
latent variable;

e Indicator collinearity - Care should be taken tlia¢ maximum variance
inflation factor for the indicators used in thedstshould be below the cut-off
threshold of 10 (Kleinbaum et.al., 1988); and

e External validity - use different dimensions to dep an index.

Failing to include any one of the eleven dimensiohtechnical practice would
change the composition of the formative construtihe conventional guidelines
regarding clarity, length, directionality, lack ambiguity and avoidance of jargons are
also followed (DeVellis, 1991). An issue particular formative indicators is that of
multicollinearity. Care is taken that the maximurarignce inflation factor for the
indicators used in the study should be below theoffithreshold of 10 (Kleinbaum et.al.,
1988). The criterion of external validity is necagsto ensure that the ten dimensions
relate to the construct (technical practice).

External validity is achieved through one of thy@®cedures, as proposed by

Diamantopoulos and Winklhofer (2001). One procedowlves the usage of a global
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item that summarizes the essence of the constratttie index purports to measure. The
second procedure involves the usage of some neftecidicators to assess the validity of
the proposed dimensions that form the formativestioet. The third procedure
emphasizes the linkage of the formative construth wther reflective constructs with
which it would be expected to be linked (e.g., aetents and/or consequences) to assess
the validity of the formative construct. In thisigdy, the two latter procedures were used
to validate the formative construct of technicalgtice.

First, the validation of the technical practicenstwuct was done by assessing its
relationship to the ten dimensions as a set. ked into account the interrelationships
of the ten dimensions that aim to eliminate wasi@ @educe variability. Two reflective
indicators were included in the study to help eatama multiple indicator and multiple
causes (MIMIC) model (Hauser & Goldberger, 197Xes3kog & Goldberger, 1975) for
the validation of the technical practice constrigpecifically, the reflective indicators
are:

¢ My employees use lean practices on a regular baghss department, and

e There is a strong commitment to using lean prastiae all levels in this
department.

These indicators represented the usage of and domenti to lean practices at all levels
within an organization, and they are necessarytlier model identification purpose
(Bollen, 1989). Finally, if the overall model fie.g., CFl, RMSEA ang?) of the MIMIC

model is acceptable, then there is enough supporthie inclusion of the set of ten

dimensions that form the technical practice coms$tru
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The second procedure focused on the nomologspedch of the model to validate
the construct of technical practice. This approaalseful when certain dimensions have
been eliminated from the original construct. Acaogd to Diamantopoulos and
Winklhofer (2001), this type of validation requirgsat: 1) information is gathered for at
least one construct other than the one captureithdyormative construct, 2) this other
construct is measured by means of reflective indrsaand 3) a theoretical relationship
can be postulated between the constructs. Hendbeimesearch model, the formative
construct of technical practice was linked to tleastructs of quality of work life and

employee performance, which were measured by tefiemdicators.

4.3. Data validation

Several steps were taken to analyze the datanntilei framework of the research
model. After cleaning the data, the analysis wasedo two phases. Figure 4.2 shows the

procedures for measurement and structural validatio

142



Measurement Validity Structural Validity

1. Non Response Bi 1. Hypothesis testir
a. Early v/s late respondents a. Direct effects
b. Interaction effec
2. Common Method Bias c. Indirect effects

a. Harman one factor test
b. Marker variable
c. Method facto

3. Triangulation
4. Unidimensionalit

5. Reliability
a. Internal consistency

6. Construovalidity
a. Convergent validity
b. Discriminant validit

Fioure 4.2 Data validation pla

4.3.1. Initial data cleaning

Little’s MCAR (missing completely at random) téktttle and Rubin, 1987) was
conducted to check if the missing values in the datre occurring completely at random
(i.e. missing values on variable X are not reldtedissing values on variable Y). Since
there were values missing completely at randomy there imputed using the direct
maximum likelihood method with the expectation nmaiziation algorithm (Byrne, 2006;
Allison, 2003). The data set with the imputed valweas then evaluated for possible
outliers with univariate and multivariate analyskthe observed data fell withia 3 o,
there was no evidence of univariate outliers. Hime outliers if the observation is
greater thant 3c (Cohen et.al.,, 2003Next check for multi-variate outliers using the

Mahalanobis distance method (Cohen et.al., 2008&r Ahe removal of all multivariate
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outliers, Mardia’s (1970) normalized estimate wakulated to determine the extent of
normality of the data. This test assessed the degfeurtosis in the data. When the
sample is very large and multivariately normalagé Mardia’s coefficient value reflects
significant positive kurtosis and large negativuea reflect significant negative kurtosis
(Byrne 2006). According to Bentler (2005), valuesaier than 5.0 indicated that the data

was not normally distributed.

4.3.2. Measurement validation

This section contains the details of the testswhidbe conducted to validate the
measurement model. First and foremost, the data elemned and univariate and
multivariate descriptive statistics were obtainglibre specifically, the data was checked
for missing values, and the type of distributionddtl item level responses was identified.

Next, the authenticity of the source of the dates wvaluated. This was done by
checking for non-response bias. Once the data #&dsdurces were assessed, a
confirmatory factor analysis (CFA) was conductedvédidate the factors used in the
study. Then the measurement properties (i.e., diapality, factor loading, reliability,
validity, and model fit) of the constructs wereessed (Menor & Roth, 2006). This was
followed by a check for any common method biasalfyntests were conducted to check

for agreement of responses between multiple ratexgeyed in the study.

4.3.2.1. Non-response bias

Non-response bias refers to the difference irotiteome variables between those

who answered the survey and those who did not (&komg and Overton, 1977). The
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greatest concern for an empirical researcher isr tdependence on individuals
participating in a study. Low response rates am@ays a concern; not only do they result
in a smaller sample size, but they also can underrthe generalizability of the data
collected and lead to incorrect conclusions tha aot generalizable to the entire
population (Rogelberg & Stanton, 2007; Rogelbergu®ng, 1998).

To assess the potential of non-response bias,rést@ondents were used as a
proxy for non respondents (Armstrong and Overtd@¥, 7). Early and late respondents
were identified based on the dates the responses ngeeived. More specifically, the
middle point of the data collection time frame wased as a cutoff point for
differentiating between early and late respondeft€hi-square test was performed on
the control variables (i.e., size of plant, age ptdnt, unionization, and production
process) for the early and late respondents. Aifsignce difference between the means

of the two groups indicates that there is resptese between early and late responders.

4.3.2.2. Common method bias

Common method bias refers to the variance thatatisibutable to the
measurement method rather than to the construictteiest (Lindell & Whitney, 2001;
Bagozzi & Yi, 1991; Buckley et. al., 1990). It réfsuin a systemic measurement error
that has serious confounding influence on empinieallts. This bias yields potentially
misleading conclusions, as it can inflate or defltte observed relationship between a
predictor and criterion variable (Lindell & Whitney001; Cote & Buckley, 1988;
Campbell & Fiske, 1959). In other words, common hodtbias may cause alternative

explanations for the observed relationships betwbenconstructs of interest (Williams
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& Brown 1994; Bagozzi & Yi, 1991; Feldman & Lyncl988). In this study the problem
of common method bias is reduced, if not eliminateg implementing several
procedural and statistical recommendations set foytPodsakoff et.al. (2003).

Procedural approaches based on the design of ttuel. There are four methods
by which the design of this study eliminated anahamimize the common method biases.
First, anonymity of respondents was maintaineduginout the survey administration and
data collection process. Second, survey responaaTes informed that there is no right
or wrong answer, thereby reducing their evaluaipprehension, and their likelihood to
edit their responses to be more socially desirdbteent, acquiescent, or consistent with
how they think the researcher wants them to respond

The other two procedural approaches to eliminatéa reduce common method
bias involve the measurement items. The items warefully constructed and tested with
both academicians and practitioners for their sicity| readability and content coverage.
Randomizing the items in the survey eliminated biases from priming effects, item-
context induced mood states, and any other biadated to the question context or item
embeddedness.

Usage of statistical controldn addition to these procedural remedies, three
statistical controls were also employed to reduge@otential common method bias: 1.)
Harman one-factor test (Harman, 1976), 2.) a dartiaelation procedure using a marker

variabld, and 3.) an unmeasured latent method factor.

7 Marker variable - A variable that is identified a-priori on theoretical grounds, that it should not be
related to any other variable in the study (Lindell and Whitney, 2001)

146



In the Harman one-factor test, all of the variahblethe study were loaded into an
exploratory factor analysis and the un-rotateddiasblution was examined to determine
the number of factors necessary to account forvédr@gance in the variables. As the
number of variables increase, the likelihood ofaglbihg more than one factor also
increases. If no single factor emerges, then commethod bias is not an issue.

In addition, a partial correlation procedure usmgrker variables (Lindell and
Whitney, 2001) was used to test for common methasl. A ‘marker variable’ describing
a dimension of the realms of experience (Pine ¢l @ilmore, 1998) was selected from
the tourism literature to control for common methads. In particular, measurement
items for the “memory of an experience” was usegddial out the average correlation
between the marker variable and the other varialdes in the study. The measurement
items for the marker variable “memory of an expeces’ are:

. MV1 - | have wonderful memories about my last vawrat

o MV2 - | will not forget my experience from my laghcation

o MV3 - | remember many things about my last vacation
In this procedure, two models were evaluated tesassthe potential effects of common
method bias. The first model contained items loaoiet their respective latent factors,
and the second model contained the same itemsdaatde their respective latent factor,
and also onto the marker variable, memory of aree&pce. If the comparative fit index
(CFI) between the two models is less than 0.0Xetieeno significant difference between
the two models and hence common method bias ismdgsue (Cheung and Rensvold,

2002).
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To confirm the finding from the marker variable timed, an unmeasured latent
method factor was included to test for common methias. This procedure is the most
stringent, as it significantly improves the fit thfe model by accounting for most of the
covariance observed in variables. In this procedwe models were compared to assess
the potential effect of common method bias. Thet fimodel contained items loaded onto
their respective latent factors, and the secondeiodntained the same items loaded
onto their respective latent factors, and also ¢néofirst order common method factor.
The main advantage of this technique was thatdtndit require the identification and
measurement of the specific factor responsibletier method effects. In addition, this
technigue modeled the effect of the method factothee measures rather than on the
latent constructs they represented, and did natiredhe effects of the method factor on

each measure to be equal (Podsakoff et.al., 2003).

4.3.2.3. Agreement of multiple responses

A test for inter-rater agreement (IRA) was conddcto assess whether multiple
responses from the same plant agree with each. dttter-rater agreement refers to the
absolute consensus in scores assigned by muléfgesrto the target subject (James et.al.,
1993). The within-group index () was used to evaluate inter-rater agreement. This
agreement index represents the interchangeabilitheorespondents. In this studyfR
represented the interchangeability of the responséise participating supervisors/team
leaders and their managers. A meay & 0.7 or greater indicates inter-rater agreement

(James et.al., 1993).
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4.3.2.4. Unidimensionality

Since the analysis of reliability and constructidity is dependent on the
assumption of unidimensionality (Al-Hawari et.&Q05; Nunnally and Bernstein, 1994),
a CFA was conducted to examine the unidimensignafieach factor in the model. This
test also helps to reduce the possibility of misgmations (Gerbing and Anderson,
1988). A CFI of above 0.9 suggests satisfactorgliomensionality for the factors (Al-

Hawari et.al., 2005).

4.3.2.5. Reliability

As shown in Figure 4.1, data collected in the gtusl meaningless unless
measurement properties of the constructs are femuhe reliable and valid. The internal
consistency (reliability) of the items was assedbedugh Cronbach’s Alpha, composite
reliability, and variance extracted to check ifni®e ‘hanged together’. Typically,
reliability coefficients of Cronbach’s Alpha andraposite reliability of 0.7 or greater are
considered adequate (Hair et.al., 1995; NunnallB&nstein, 1994; Nunnally, 1978),
while the variance extracted should be greater th&nto indicate reliable constructs

(Hair et.al., 1995).

4.3.2.6. Construct validity

Construct validity lies at the heart of the sdigntprocess, as it addresses the
guestion of what the instrument is actually meampurits two components are convergent

validity and discriminant validity. Together, thegdicate whether the measures are
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similar within themselves and yet sufficiently @ifént from other measures (Malhotra
and Grover, 1998).

Convergent validity. Convergent validity evaluates the similarity, or
convergence, between items measuring the sameetloabrconstruct. In other words, if
measures of constructs that theoretically shoulddbated to each other are, in fact,
observed to be related to each other, then theyaadeto have convergent validity.

In this study, the convergent validity for eachnsiuct was assessed by
examining the relationship between each individuahsurement item and its construct.
If the relationship between each measurement itechits construct was significantly
different from zero (Nunnally and Bernstein, 199%nvergent validity of the construct
was recognized. Eigen values of the constructsfiamadices of the final measurement
model were also determined. If the Eigen valuehef ¢onstruct was greater than 1.0,
there was sufficient evidence of convergent validiair et.al., 1995). Finally, if the fit
indices (i.e. CFl and RMSEA) of the measurement ehaa which the constructs were
freely correlated met the recommended guidelinesl (€ 0.9 and RMSEA < 0.05),
convergent validity was established.

Discriminant validity. Discriminant validity refers to the degree to whieach
construct’'s measurement items are distinctly fracheother. In other words, if measures
of constructs that theoretically should hetrelated to each other are, in fact, observed to
not be related to each other, then they are sdwdve discriminant validityin this study,

a CFA was used to assess discriminant validity.
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Two models were constructed for all possible pairghe latent factors in the
study. In the first model, the covariance for etatior pair was freely estimated, while in
the second model, the covariance for each factorvpas fixed to 1.0. A significant
difference in the Chi-square values for the two eledmplies the distinctiveness of the
two constructs (Bagozzi et.al., 1991). In additiire average extracted variance of the
two constructs was also calculated. If the aversg&ance extracted (AVE) for the two
constructs exceeds the square of their standardipectlation, there is evidence to

suggest discriminant validity (Fornell & Larker,89.

4.3.3. Structural validation

Once the measurement properties of the construets feund to be reliable and
valid, a structural model was built to test theemglationships between middle
management support, social practices usage, tedhmiactices usage, quality of work
life, and employee performance. Structural equatiaaleling (SEM) was used to test the
model and determine the significance of the stmattpaths among the constructs of the
hypothesized model. More specifically, the direffees and indirect effects of the
hypothesized relationships were estimated.

The moderation hypothesis related to task intenddgece and the relationship
between social practices usage and employee pexfmenwas tested based on the
guidelines prescribed by Kline and Dunn (2000) gsStM. In this approach, the items
for the task interdependence and social practicesgas constructs were first mean
centered. Next, every item of each social practiussge factor was cross multiplied with

every item of the task interdependence factor. W@sv® in Figure 4.3, the outcome of
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this process formed the moderator construct (ismcial practice usage x task
interdependence). This moderator construct, aloitig tve constructs of social practices
usage, task interdependence, and employee perfoenaas included in the structural
model. The significance of the direct effect of thederator construct determined if the
interaction effect of task interdependence on $opractice usage and employee
performance existed.

Iltem 1*

Variable
Item 2% 1
Item5
Item 3* o
Variable Crlterlon
2 Variable
Item 4*
Item 6
Item7
Item1* Item 3
Item 8
Item1* Item 4 Moderator
ltem 9 Variable
Iltem 2 * Item 3

Item 10

* |tems are mean centered
Litem 2+ item 4

Figure 4.3 Procedure to test interaction effect
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CHAPTER 5. RESULTS

This chapter contains the results of the datayaeal More specifically, it
contains the results from the pre-testing, pilatitey and final survey phases of this
study. The pre-test results provide insight to ghsort process that determined which
survey items to include in the pilot test. The pilests results help purify the survey
items such that they have high factor loadings amigh Cronbach’s alpha for the final
survey. This last phase provides results from thsessment of the measurement
properties of the constructs, and from the evaduatif the hypotheses proposed in this

study.

5.1. Pre-testing

Measurement items were purified and pretestedutiircseveral rounds of item
sorting. Based on the g-sort exercises with stidemtClemson University and the
interviews with experts, many items in the initqalestionnaire were revised for easier
readability and better coverage of the construater@. The number of items that were

initially entered into the pre-testing processsted in Table 5.1

Table 5.1 Number of items entering g-sort process

Construct Sub-construct # of items
Middle Management Support 6
Employee involvement Information sharing 5
Rewards 4
Training 5
Power 4
Employee Empowerment Perceived control 7
Perceived competence 5
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Goal Internalization

Quality of Work life Physical context
Social context
Job satisfaction
Job security

A p 0 plo

Task Interdependence 5
Technical practice Standardization practice 2
Pull production 2
Continuous flow production 2
Production leveling 2
Setup time reduction 2
Total Productive maintenance 2
Zero Defects 2
Visual Control 2
5-S 2
Kaizen/Continuous Improvement 2
Cellular manufacturing 2
Employee Performance 7
Marker Variable 3
Total 96

Each round of item g-sorting produced independgamples of judgment-based,
nominal data which was used to assess the inter-ratiability of the measurement
items. For each construct, the item placement’safiom the final item sorting analysis
is presented in Table 5.2ppendix A provides the hit rate for each measurement item in

the preliminary survey.

Table 5.2 Item placement ratios

Construct Sub-construct Ratio

Middle Management Support 80 %

Employee involvement Information sharing 76 %
Rewards 88 %
Training 96 %

Employee Empowerment Perceived control 96 %
Perceived competence 100 %
Goal Internalization 100 %

Quiality of Work life Physical context 100 %
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Psycho-social context 92 %

Job satisfaction 100 %

Job security 95 %
Task Interdependence 87 %
Technical practice 88 %
Employee Performance 100 %

Since all item placement ratios are above the sigdecut-off of 70%, they indicate

adequate convergent and discriminant validity facheconstruct. In addition, the raw
inter-rater agreement percentages, along with titee@'s k value, were greater than 0.65
(sample calculation shown ippendix B), which suggest that there is sufficient inter-
rater reliability (Moore and Benbasat, 1991). Thextnstep was to pilot test the survey

instrument.

5.2. Pilot testing

The pilot test was based on a total of sixty usal@sponses obtained from
Zoomerang. The data obtained was then used t@sadise preliminary psychometric
properties of the survey items. Table pBvides the reliability statistics for each
construct used in this study. The sample size wasange enough to allow for testing the
model as a whole. Hence, the reliability statisfmseach construct (Cronbaet) was

estimated using a two-factor CFA.

Table 5.3 Construct reliabilities based on pilatal

Construct Sub-construct Cronbach’s
Alpha
Middle Management Support 0.88
Employee involvement Information sharing 0.59
Rewards 0.77
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Training 0.81
Employee Empowerment Perceived control 0.85
Perceived competence 0.86
Goal Internalization 0.83
Quality of Work life Physical context 0.78
Social context 0.71
Job satisfaction 0.89
Job security 0.79
Task Interdependence 0.52
Employee Performance 0.77
Marker variable 0.93

As seen in table 5.3, there was adequate confdéree Cronbach’s. value >
0.7) in the reliability of all but two scales, imfoation sharing and task interdependence.
Since there was no theoretical basis to drop teeakes, they were included in the final
survey. Thus, the final set of measurement itens sedected based on the evaluation of
the factor loadings of items on their individualnstructs. The four strongest items for
each construct were retained for final testing,l&vhew items were written if a construct
had fewer than four items. After this purificatiprocess, 94 items (listed in Table 5.4)
were retained for the final studgppendix A lists all of the preliminary measurement

items and identifies whether they were retainedpded or added to the final survey.

Table 5.4 Number of items entering the final syrve

Construct Sub-construct # of items

Middle Management Support 4

Employee involvement Information sharing — (top ddw 4

Information sharing — (bottom — up 4
Rewards 5
Training 5
Power 4

Employee Empowerment Perceived control 4
Perceived competence 4
Goal Internalization 5
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Quiality of Work life Physical context 5
Psycho-social context 5
Job satisfaction 4
Job security 5

Task Interdependence 4

Technical practice

Standardization practice

Pull production 2
Continuous flow production 2
Production leveling 2
Setup time reduction 2
Total Productive maintenance 2
Zero Defects 2
Visual Control 2
5-S 2
Kaizen/Continuous Improvement 2
Cellular manufacturing 2
Employee Performance 7
Marker Variable 3
Total 94

5.3. Final survey results

The final survey instrumentAppendix C) was administered after it was
developed and refined through item generation,rtgsetructured interviews, and pilot
study. This section provides the descriptive diaisof the data collected from the
survey. Following this is the assessment of thesu@anent properties of the constructs
used in the research model. After this assessmfentstructural model was tested, and

any hypotheses that were not supported by thetseawre further analyzed with an ad

hoc analysis.
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5.3.1. Descriptive Statistics

5.3.1.1. Response rate

An initial e-mail contact was made with 1300 poi&respondents, of which 325
e-mails bounced back. Of the valid 975 emails, &pondents refused to participate in
the study. Hence, of the remaining 955 valid enaks) 230 respondents participated (i.e.
completed the online survey) in the study. Thus,résponse rate obtained for this study
is 24.08% (230/955). This response rate is consttleadequate, as it is above the
suggested cut-off value of 20% (Malhotra & Grov&d04; Dillman, 2000). A review of
the data set revealed that 26 of the 230 particigaespondents had completed less than
50% of the survey; therefore, they were elimindtech the usable data set. This resulted

in a usable data set of 204 responses.

5.3.1.2. Initial data screening

The data set was first checked for univariate amdtivariate outliers. Since
responses were within +/c3f the mean value of responses, there were nofisigmi
univariate outliers. The data was also checkedrfoltivariate statistical outliers using
regression diagnostics (i.e. leverage statistickMahalanobis distance) in SPSS. Using
the process suggested by Kline (2005), four casse wdentified as statistical outliers
and were eliminated from the data set. This reduftea final, usable data set comprised
of 200 responses.

There were 181 missing values in the final, usalaita set. These missing values

accounted for less than 0.01% of the total numbfevatues obtained from the 200
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responses. Little’s MCAR test, conducted in SPSE.@), found that these 181 values
were missing completely at random (p > 0.05). Siheedata was missing completely at
random, the values were imputed without violatihng assumptions of MCAR (Allison,
2003). The direct maximum likelihood (ML) imputationethod with the expectation
maximization (EM) algorithm was used to impute mhissing values.

The multivariate analyses were then done on thal filataset. These analyses
indicate that there were issues with skewness amtbdis. The analyses revealed that
there was negative skewness in the data as all wa@oes are less than zero. This
suggests, that many observations in the survey tedfres right on the measurement scale
(i.e., closer to strongly agree on the Likert sgalhe analyses also revealed the values of
Kurtosis -3, were both greater and lower than itesed in this study. This indicated that
the different items had a mix of high peaks and téas, and low peaks and thick tails.
Thus, suggesting different levels of kurtosis (&peendix E details). Since there was no
theoretical reason to drop those items, they watarred for further analysis.

Finally, Mardia’s (1970) normalized estimate wasarained to determine the
extent of normality of the data. The resulting ealuas greater than 5.0.This indicates
that the dataset had a non-normal distribution {Ben2005). Thus, the Satorra-Bentler
scaledy?2 statistic (Satorra and Bentler, 1988), and tlreesponding robust fit estimates
provided by EQS 6.1 (Byrne 2006) is used for alltHar statistical analyses.
Computation of the Satorra-Bentlg2 statistic takes into account the model, the
estimation method, and the sample kurtosis vallies. Satorra-Bentley2 statistic has

been shown to be the most reliable test statisticezaluating mean and covariance
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structure models under various distributions andpda sizes (Curran et al. 1996; Hu et

al. 1992).

5.3.1.3. Characteristics of sample data

The 200 usable data sets represent all types alifaeturing industries except
leather and allied products, and non-metallic nahgroducts. Table 5.5 details the
industry representation of the sample.

Table 5.5 Industry representation in sample data

Type of Manufacturing Industry Frequency % Cum(;: ative
Food manufacturing 23 11.5% 12%
Apparel manufacturing 5 2.5% 14%
Wood product manufacturing 5 2.5% 17%
Printing and related support activities 8 4.0% 21%
Petroleum and coal products manufacturing 3 1.5% 22%
Plastics and rubber products manufacturing 11 5.5% 28%
Fabricated metal products manufacturing 20 10.0% 38%
Computer and electronic product manufacturing 11 5.5% 43%
Transportation equipment manufacturing 17 8.5% 52%
Electrical equment/appllance and component 14 7 0% 59%
manufacturing

Textile mills 6 3.0% 62%
Leather and allied products 0 0.0% 62%
Paper manufacturing 6 3.0% 65%
Chemical manufacturing 14 7.0% 72%
Primary metal manufacturing 5 2.5% 74%
Non-metallic mineral products 0 0.0% 74%
Machinery manufacturing 12 6.0% 80%
Furniture and related product manufacturing 4 2.0% 82%
Miscellaneous manufacturing 36 18.0% 100%

Total 200 100%
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As is evident from Table 5.6, the data sampleesgnmts a fairly even distribution
of the plant size (based on the number of emplgyaed the type of production process
(used to manufacture the most important produttls blso seen that the data sample
comes mostly from respondents who work in orgarmaratthat have implemented lean
practices. This limits the generalizability of tsieidy, but it does improve the validity of
the study since the data sample includes orgaarmaft different stages (i.e. the number

of years) of lean implementation.

Table 5.6 Organizational characteristics of samgide¢a
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Frequency % Cumulative %
Plant Size (based on number of
employees)
Less than 100 31 15.5% 15.5%
Between 100 and 200 55 27.5% 43.0%
Between 200 and 500 61 30.5% 73.5%
Greater than 500 53 26.5% 100.0%
Total 200 100.0%
Age of the plant
Between 0 and 7 years 9 4.5% 4.5%
Between 8 and 20 years 38 19.0% 23.5%
More than 20 years 153 76.5% 100.0%
Total 200 100.0%
Lean Implementation
Yes 184 92.0% 92.0%
No 16 8.0% 100.0%
Total 200 100.0%
Number of Years of Lean
Implementation
Between 0 and 3 years 94 47.0% 47.0%
Between 4 and 7 years 64 32.09 79.0%
More than 7 years 42 21.0% 100.0%
Total 200 100.0%
Type of Production Process
Job Shop process 26 13.0% 13.0%
Assembly Line Process 59 29.5% 42.5%
Continuous Flow Process 62 31.09 73.5%
Batch Shop Process 53 26.59 100.0%
Total 200 100.0%

As seen in Table 5.7, data was collected fronvarde pool of respondents. Half
of the respondents worked in plants that had l&y-of the past two years, while the
other half did not. Of the 200 respondents, onelttiad more than five years of

experience in their current plant, and two-thirdsl tbetween zero and five years of
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experience. Also, one-third worked in plants witim& union representation, while two-

thirds worked in plants with no unionization.

Table 5.7 Respondent characteristics of data sampl

Frequency % Cumulative %
Respondent’s job title
Team Leader 54 27% 27.0%
Shop Floor Coordinator 4 2% 29.0%
Shop Floor Supervisor 46 23% 52.0%
Manufacturing Supervisor 30 15% 67.0%
Production Supervisor 27 14% 80.5%
Other 39 20% 100.0%
Total 200 100.0%
Lay-offs in the past two years
Yes 101 50.5% 50.5%
No 99 49.5% 100.0%
Total 200 100.0%
Years of experience at this plant
Between 0 and 5 years 136 68.0% 68.0%
More than 5 years 64 32.0% 100.0%
Total 200 100.0%
Union representation in the plant
None 135 67.5% 67.5%
Between 0 and 50% 17 8.5% 76.0%
Between 50 and 100 % 30 15.0% 91.0%
100% 18 9.0% 100.0%
Total 200 100.0%

5.3.1.4. Test of non-response bias

The impact of potential non-respondent bias wasssed using wave analysis.
The sample data was split into two waves — eartylate respondents — according to the
dates that the responses were received. The esspomdent wave consists of 110

responses, while the late respondent wave cori€i8 responses. A one-way ANOVA
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was run on two factors that could have impacted¢lsponse rate. As seen in Table 5.8,
the early and late respondent waves for middle gemant support and employee
performance show no differences, and they are igoifisant at the 0.05 level. This

suggests that there is no evidence of non-resgmase

Table 5.8 Assessment of non-response bias

N Mean S.D. F-value d.f. Sig.
Middle Management Support 1.56 198 0.213
Early Respondents 110 5.50 1.18
Late Respondents 90 5.69 0.94
Employee Performance 2.61 198 0.108
Early Respondents 110 5.58 1.05
Late Respondents 90 5.80 0.81

5.3.2. Assessment of measurement properties

In order to test the research model, it is impurt® assess the measurement
properties of the constructs to make certain they keoth reliable and valid. In this
section, results of convergent validity and disonamt validity are presented. As
suggested by Churchill (1979), the items of thedtlgpsized constructs are empirically
assessed using Cronbach’s alpha value, factorrigadind model fit statistics. Having
assessed the validity and reliability of the itemsthe constructs, the hypothesized
constructs are evaluated for convergent and digtaimh validity using structural
equation modeling (SEM). In this study, CFA ana$yseere done in EQS 6.1, a widely
used SEM software, to assess the measurement pegpef the constructs and their

measurement items.
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Before presenting the results of the assessmethteaineasurement properties, it
is important to discuss the requirements for usihg SEM software. To obtain
meaningful results from the SEM analyses, the ¥alhg five conditions were required.

Data type The data used in SEM analysis must be ratiokatetype. In this
study, the measurement items for all constructs hav interval scale. The items are
measured on a 7-point Likert scale, which rangemffstrongly disagree” to “strongly
agree”.

Number of indicators. Ideally, there should be four indicators for eabiseryved
construct. In certain cases, two indicators can b&s used, if the researcher is confident
in the indicators’ validity and reliability (Bolleril989). There are a minimum of three
indicators for each construct used in the study.

Model identification The model has to be over identified. In otherdgoit is a
model for which all the parameters are identifiadd for which there are more known
than free parameter$n this study, the measurement and structural nsodet over-
identified, even with the addition of a method tacnd a marker variable.

Data distribution. Multivariate normal data is preferred. Since thengle data
has a non-normal distribution, the Satorra-Bentkraled Chi-square statistics,
corresponding robust fit estimates, and the robtastdard errors were reported (Byrne,
2006; Bentler, 2005). This was done by using theb#st’ option in EQS 6.1. The
statistics obtained are valid despite the violawbithe normality assumption underlying

the estimation method suggested by Byrne (2006).
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Sample size. The sample size should be sufficiently large (EBaGoldstein,

2006). In this study, the sample size is adeqaatd, meets the suggested cut-off of 200.

5.3.2.1. Convergent and discriminant validity

Convergent validity is assessed to determine #tene to which measurement
items for a given construct refer to only that douint and no other. Table 5.9 provides
the results of the two-factor CFA that was perfalnt® determine the range of
confirmatory factor loadings for each item, alongthwits reliability scales (i.e.

Cronbach’s alpha and co-efficient Rho).

Table 5.9 Factor Loadings and Reliabilities

Factors No. of CFA Factor Reliability Reliability
items Loading (Cronbach’s (Co-efficient
Range alpha) Rho)

Middle Management Support 6 0.72-0.88 0.88 0.84
Information Sharing (Top- 5 0.69-0.82 0.73 0.72
Down)

Information Sharing (Bottom —| 4 0.71-0.82 0.85 0.85
Up)

Reward Practice 5 0.83-0.94 0.88 0.87
Training Practice 4 0.69-0.90 0.84 0.80
Perceived Control 7 0.67 -0.87 0.90 0.89
Perceived Competence 5 0.64 -0.77 0.85 0.85
Goal Internalization 5 0.71-0.86 0.88 0.88
Task Interdependence 5 0.82-0.92 0.82 0.82
Physical Context 5 0.72-0.76 0.75 0.73
Social Context 4 0.70-0.81 0.69 0.70
Job Satisfaction 4 0.77-0.80 0.89 0.89
Job Security 5 0.64-0.85 0.82 0.83
Employee Performance 7 0.70-0.85 0.88 0.87
Marker Variable 3 0.78 - 0.89 0.88 0.88
Lean Practice Usage 2 0.78 -0.85 0.82 0.80
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The items retained after the two-factor CFA wehnent tested in the overall
measurement model, where all the constructs wegelyfrcorrelated. The fit indices
suggest that the data fits the model well (SatBeatlery® = 1020.05; d.f. = 861; CFI =
0.94; RMSEA =0.037; 90% C.I. = 0.03, 0.04). Asdexit in Table 5.10, the standardized
factor loadings of all items meet the minimum recoended value of 0.70 (Fornell and
Larcker, 1981), except one item for task interdejleeice and one item for job security.
The values of the loading for these two items wetveen 0.6 and 0.7. The items were

retained, as there was no theoretical rationatEdp them.

Table 5.10 Factor Loadings

Item # Item Fact.or
Loading

Middle Management Support

MMS2 My manager pr_owdes me with the necessary resotwcascomplish 0.84
my tasks effectively

MMS3 My manager fa'C|I|ta!tes in the implementation of lgya 0.71
improvements in this department

MMS4 My manager provides me with the necessary resotmdegprove 0.85
product quality

Information Sharing (Top — Down)
Information regarding company policies and procedus shared

IS1 , 0.80
with my team members
My team members are kept informed when somethimpgprtant

1S4 . 0.70
occurs in the department

Information Sharing (Bottom — Up)
My team members share information about their vipsdcesses with

IS5 N 0.89
each other in this department
My team members share information regarding besttipes with

IS6 - 0.82
each other in this department

Reward Practices
My team members are rewarded when they make aa eftort to

R3 : : 0.89
improve overall performance of this department
My team members are rewarded when they learn additskills

R5 . 0.87
related to their work
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Training Practices

My team members are provided with training in sfie@b skills

T needed to do their job 0.74
My team members are provided with training in peoblsolving

T4 . . 0.72
skills related to their work
My team members are provided with training in dqyaprovement

T5 . . 0.81
skills related to their work area

Perceived Control

PCTRL1 My team member influence process changestfect their work 0.85

PCTRL2 My team members influence changes in therkwnethods 0.81

PCTRL3 My.team members influence the way in which taskscampleted in 0.74
their work area

PCTRL4 My team members influence decisions about isswsaffect their 0.85
work

Perceived Competence

PC1 My team members are confident that they caheiojob well 0.81

PC2 My team members demonstrate competence inngahbtir job tasks 0.83

PC3 My team members have the capabilities to nhe@t job demands 0.79

Goal Internalization
Working towards the goals (objectives) of this dapant is

Gl1 . 0.83
important to my team members
My team members are enthusiastic and ready t@aeirtls achieving

Gl2 e : 0.78
the goals (objectives) of this department
My team members are inspired by the goals (objes}iof this

GI3 0.79
department
My team members are willing to help this departaaftieve its

Gl4 oo 0.80
goals (objectives)

Task Interdependence
My team members work in groups to get the job darthis

TI1 0.87
department

TI2 My team members rely on each other to getabedjone 0.63
My team members work in groups to get the job darthis

T4 0.81
department

Physical Context

PHYCA4 Eating areas within the plant are clean aryiemic 0.71

PHYC5 Restrooms within the plant are clean anddmnigi 0.80

Social Context

sc1 VI\\/II())/r'Leam members can always count on each otheufgport at 0.75

SC4 My team members are friendly with each othevaak 0.72
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Job Satisfaction

within this department

JSAT1 My team members enjoy coming to work everyday 0.88
JSAT3 My team members enjoy performing their daily activities 0.91
Job Security
JS1 My team members do not worry about losing floéir 0.69
JS2 My team members have job security within thigpization 0.83
JS3 My team members have job stability within tiiganization 0.81
JS4 My team members jobs have not been affectéalybifs in this plant 0.62
Marker Variable
MV1 I have wonderful memories about my last vaaatio 0.91
MV2 | remember many things about my last vacation .840
MV3 | will not forget my experiences from my lasication 0.77
Employee Performance
My team members’ abilities to deliver work outpuattome has
EP1 : 0.85
improved over the past three years
Ep4 ;\//Ie)giam members’ work quality has improved overghst three 0.68
My team members’ overall performance has improwest the past
EP5 0.80
three years
My team members’ dependability in meeting this depant’s goals
EP6 o . 0.83
(objectives) has improved over the past three years
Technical practice
LP1 My team members use lean practices on a regatas 0.78
Lp2 There is a strong commitment to using lean prastitall levels 0.85

Discriminant validity is assessed to determine tleent to which the

measurement items for each construct are distelgtidifferent from each other. Since
the survey sample data had a non-normal distribp@oscaled version of the Satorra-
Bentler pairwise Chi-square difference test - apospd to the regular pairwise chi-

square test (Satorra & Bentler, 2001) - was uses&duate discriminant validity for two

constructs at a time.
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Two measurement models were compared. In the risdel tested, all of the
constructs were freely correlated. In the secoreralmeasurement model, correlation
the between two constructs (said not to be diffgreras constrained to unity, thus
suggesting that the items for the two construatsnagasuring just one construct. The fit
of the first model was compared with the fit of tsmcond model. A significant scaled
Satorra-Bentler pairwise Chi-square difference letwthe free and the fixed models
indicated discriminant validity among constructs.

This procedure revealed that employee involvemeonsisting of information
sharing (top down), information sharing (bottomsugwards, and training practice, was
not significantly different from employee empowemheconsisting of perceived control,
perceived competence, and goal internalizationtises: Thus, these two second order
constructs were re-modeled as just one second caiestruct (Figure 5.1). This new
construct, henceforth called “social practices e5agow consists of the seven first order

factors from the original two constructs.
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Figure 5.1. Revised research model

As shown in Table 5.11, the scaled version of ta®i®a-Bentler pairwise Chi-square
difference test was performed again with the relisessearch model. The results of all
pairwise comparisons are significant (p < 0.05yigating support for discriminant

validity.
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Table 5.11 Assessment of discriminant validity

Constrained
Satorra-Bentler

Constrained
Normal Model

Unconstrained
Satorra-Bentler

2
Constructs Model 1> 2 Model 1> SBAX P-Value
(d.f. 801) (d.f. 801) (d.f. 800)

Middle Management Support (MMS) with

Social Practices (SP) 1028.1 1240.7 1020.0 15.03 0000.

Task Interdependence (TI) 1037.7 1249.9 1020.0 53.40 0.000

Technical practices (LP) 1025.2 1235.7 1020.0 7.17 0.007

Quality of work life (QWL) 1030.9 1243.6 1020.0 52.47 0.000

Employee Performance (EP) 1022.3 1232.6 1020.0 44.82 0.000
Social Practices (SP) with

Task Interdependence 1027.3 1237.3 1020.0f 50.27 0.000

Technical practices (LP) 1039.3 1251.8 1020.0| 48.93 0.000

Quiality of work life (QWL) 1028.3 1241.6 1020.0 8.91 0.002

Employee Performance (EP) 1038.7 1251.2 1020.0 47.18 0.000
Task Interdependence with

Technical practices (LP) 1025.4 1235.5 1020.0| 17.84 0.000

Quiality of work life (QWL) 1031.2 1240.9 1020.0 24.28 0.000

Employee Performance (EP) 1039.6 1250.6 1020.0 21.42 0.000
Technical practices (LP) with

Quiality of work life (QWL) 1021.1 1232.4 1020.0 13.36 0.000

Employee Performance (EP) 1039.3 1251.8 1020.0 89.55 0.000
Quiality of work life (QWL) with

Employee Performance (EP) 1042.1 1270.5 1020.Q .90 3 0.048

Unconstrained normal modgt = 1231.7 with 800 df
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Convergent and discriminant validity is further essed using the Fornell and
Larcker (1981) analysis. As shown in table 5.12, dlverage variance extracted (AVE)
for each of the new constructs was above the stemesit-off of 0.5 (i.e. variance
explained by the construct is greater than the oreasent error), thus suggesting
evidence of convergent validity. Moreover, the squaot of AVE for each construct
was greater than all the inter-construct corretegtjofurther suggesting evidence of

discriminant validity.
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Table 5.12 Correlation and Average Variance Exieac

AVE MMS | ISA |ISB R T PCTRL |PC Gl TI PHYC |SC JSAT |JS EP MV LP
MMS 0.64 0.80
ISA 0.57 0.55 0.75
ISB 0.73 0.56 0.62 | 0.86
R 0.78 0.44 0.49 | 0.50 | 0.88
T 0.57 0.62 0.68 | 0.69 0.54 | 0.76
PCTRL | 0.66 0.61 0.67 | 0.68 0.54 0.75| 0.81
PC 0.66 0.44 0.49 | 0.50 0.39 0.54 0.54 0.81
Gl 0.64 0.57 0.63| 0.64 0.50 0.70 0.69 0.50 0.80
TI 0.60 0.46 0.64 | 0.65 0.51 0.71 0.70 0.51 0.65| 0.78
PHYC 0.57 0.39 0.38 | 0.38 0.30 0.42 0.41 0.30 0.39 0.4Dp0.76
SC 0.54 0.57 0.55| 0.56 0.44 0.61 0.60 0.44 0.56 0.59 0.44 0.73
JSAT 0.80 0.58 0.56 | 0.57 0.45 0.62 0.61 0.45 0.57 0.6p 0.45 .650( 0.89
JS 0.55 0.55 0.29 | 0.28 0.29 0.23 0.31 0.31 0.23 0.29 0.30 .220| 0.33 | 0.74
EP 0.63 0.63 0.52 | 0.52 0.53 0.42 0.58 0.57 0.41 0.58 0.5 .380| 0.56 0.29 | 0.79
MV 0.71 0.71 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.0p 0.00 .000| 0.00 0.00 0.00 | 0.84
LP 0.67 0.67 0.55| 0.60 0.61 0.48 0.67 0.66 0.48 0.6p 0.61 370 054 0.28 0.61 0.00 | 0.82

Note: Construct variance is shown on the diagonal.
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5.3.2.2. Analysis of common method bias

The validity of the study was also analyzed byingsfor common method bias.
Three statistical procedures were used to diagandecontrol for common method bias:
Harman’s single factor test, a partial correlatmyocedure using a marker variable, and
use of a single unmeasured latent method factas@koff et.al., 2003).

The Harman’s single factor test extracted ninetofac from the data that
correspond to the latent variables in this studyesk factors account for 70.34 % of the
variance, with one factor accounting for 36.1%.9\wgle factor accounted for a majority
of the covariance, suggesting that common methas thoes not pose a severe threat to
the validity of the study.

Next, common method bias was assessed using thal garrelation procedure
with a marker variable of “memory of an experienc&wo models were compared
(Table 5.13) to assess the potential effects of dbmmon method bias. Model 1
contained the items loaded onto their respectitentafactors, and model 2 contained
items loaded onto their respective latent factard also onto the first order marker
variable. When the two models are compared wittnh edber, the Satorra-Bentler Chi-
square difference is found to be significant (p .@08). This implies that the marker
variable may have an impact on the validity of sitedy and it could lead to common

method bias.
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Table 5.13 Results of partial correlation procedure

Without marker variable With marker variable Satorra-Bentler Chi-
(Model 1) (Model 2) square difference
Satorra-Bentler| Model 1 | df | Satorra-Bentler| Model2 | Df | SBAy® | Adf | P-Value
Model 152 x? Model 252 r?
1026.80 1285.1§ 800 1146.36 142641 8§84 120.34 |84.0050

In addition to comparing the two models, the dtrited parameters of the model
with the marker variable were assessed. This redehlt the loadings on the factors are
much higher than the loadings on the marker vaidhlable 5.14). The low factor
loading on the marker variable contradicted theoi$atiBentler Chi-square difference
results. This inconclusive finding prompted the oé@ more stringent procedure to test

for common method bias.

Table 5.14 Item loading based on marker variable

Factor Marker
ltem # Iltem : Variable
Loading )
Loading
Middle Management Support
Average Variance Extracted 0.65 0.01
MMS2 My manager provides me Wlth the necessary resotoces 0.84 0.10
accomplish my tasks effectively
MMS3 My manager fa_uhtqtes in the implementation of lgua 071 013
improvements in this department
MMS4 My manager prowdes_ me with the necessary resotoces 0.85 0.11
improve product quality
Information Sharing (Top — Down)
Average Variance Extracted 0.57 0.01
IS1 Informatl(_)n regarding company policies and procedus 0.80 0.12
shared with my team members
1S4 My team member's are kept informed when something 0.70 0.06
important occurs in the department
Information Sharing (Bottom — Up)

176



Average Variance Extracted 0.73 0.01

IS5 My team members share mformaﬂon about their work 0.89 0.10
processes with each other in this department

1S6 My team m(_embers share !nfor_matlon regarding best 0.82 0.07
practices with each other in this department

Reward Practices
Average Variance Extracted 0.78 0.00
My team members are rewarded when they make aa extr

R3 . . 0.89 0.06
effort to improve overall performance of this depant
My team members are rewarded when they learn

RS additional skills related to their work 0.87 0.07

Training Practices
Average Variance Extracted 0.57 0.04
My team members are provided with training in sfieci

T job skills needed to do their job 074 | 007

T4 My team members are proylded with training in peoil 0.72 0.14
solving skills related to their work

T5 My team membt_ers are provided Wlth training in oyali 081 0.30
improvement skills related to their work area

Perceived Control
Average Variance Extracted 0.66 0.04

PCTRL1 My_team member influence process changes thattaffeg 0.85 0.27
their work

PCTRL2 My team members influence changes in their work 0.81 0.13
methods

PCTRL3 My team m.embe'rs influence the way in which tasks ar 0.74 018
completed in their work area

PCTRL4 My team members influence decisions about issuas th 0.85 0.23
affect their work

Perceived Competence
Average Variance Extracted 0.66 0.01

PC1 VI\\//Ié/Hteam members are confident that they can do jblei 0.81 0.17

PC2 My team members demonstrate competence in meeting 0.83 0.08
their job tasks

PC3 My team members have the capabilities to meet jbleir 0.79 0.07
demands

Goal Internalization
Average Variance Extracted 0.60 0.02

GI1 W(_)rklng towards the goals (objectives) of this depant 0.83 0.20
is important to my team members

Gl2 My team members are enthusiastic and readgtto a 0.78 0.18
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towards achieving the goals (objectives) of thigatement
My team members are inspired by the goals (objes}iof

GI3 : 0.79 0.12
this department
G4 My team members are V\_/|II|ng to help this department 0.80 0.05
achieve its goals (objectives)
Task Interdependence
Average Variance Extracted 0.60 0.03
T M_y team members work in groups to get the job done 0.87 017
this department
TI2 My team members rely on each other to getdbedone 0.63 0.16
T4 M_y team members work in groups to get the job daone 0.81 0.14
this department
Physical Context
Average Variance Extracted 0.57 0.02
PHYC4 Eating areas within the plant are clean aiemic 0.71 0.17
PHYC5 Restrooms within the plant are clean anddmnigi 0.80 0.14
Social Context
Average Variance Extracted 0.54 0.02
sc1 My team members can always count on each other for 0.75 0.14
support at work
SC4 My team members are friendly with each othevaak 0.72 0.17
Job Satisfaction
Average Variance Extracted 0.80 0.05
JSAT1 My team members enjoy coming to work everyday 0.88 0.18
JSAT3 My team members enjoy performing their dajibb 0.91 0.26
activities
Job Security
Average Variance Extracted 0.55 0.01
JS1 My team members do not worry about losing flobir 0.69 -0.05
352 My team members have job security within this 0.83 0.11
organization
353 My team _members have job stability within this 0.81 0.04
organization
334 My tgam members jobs have not been affected byftayo 0.62 0.10
in this plant
Employee Performance
Average Variance Extracted 0.63 0.01
EP1 My tgam members’ abilities to deliver work outputtame 0.85 0.04
has improved over the past three years
Ep4 My team members’ work quality has improved over the| 068 0.09

past three years
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EPS My team members’ overall performance has improved 0.80 013
over the past three years
My team members’ dependability in meeting this
EP6 department’s goals (objectives) has improved dvempiast| 0.83 0.12
three years
Technical practice
Average Variance Extracted 0.67 0.03
LP1 My team members use lean practices on a rebatis 0.78 0.18
Lp? There is.a'strorjg commitment to using lean prasiatell 0.85 017
levels within this department

Finally, common method bias was assessed usinggie sunmeasured latent

method factor. Here, once again, two models werspased. Model 1 contained items

loaded onto their respective latent factors, andeh@ contained items loaded onto their

respective latent factors and also onto a firskeonhmeasured latent method factor.

When the two models were compared (Table 5.15) Shtorra-Bentler Chi-square

difference revealed that the latent method factay fmave an impact on the validity of

the study and thus, common method bias may besan.is

Table 5.15 Results of unmeasured latent methddrfac

Without unmeasured latent
method factor (Model 1)

With unmeasured latent
method factor (Model 2)

Satorra-Bentler Chi-
square difference

Satorra-Bentler| Model 1 | df | Satorra-Bentler| Model 2 | df | SBAy? | Adf | P-Value
Model 12 2 Model 292 2
1026.80 1285.19 800 939.52 113766 759 7354 |41 000.C

In addition to comparing the two models, the stiedt parameters of the model with the

unmeasured latent method factor were assessed.réealed that the loadings on the

method factor were unusually high. This indicatest tthere was a significant method

effect.
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Table 5.16

Item loading based on unmeasured latexihod factor

Factor Method
Item # Item Loadin Factor
9 Loading
Middle Management Support
Average Variance Extracted 0.56 0.10
MMS2 My manager provides me Wlth the necessary resotoces 0.77 0.33
accomplish my tasks effectively
MMS3 My manager fa'cnlta'mtes in the implementation of lgya 0.68 0.6
improvements in this department
MMS4 My manager prowdes_ me with the necessary resotices 0.78 0.34
improve product quality
Information Sharing (Top — Down)
Average Variance Extracted 0.41 0.23
IS1 Informatu_)n regarding company policies and procedlis 0.72 0.34
shared with my team members
1S4 My team member_s are kept informed when something 0.55 0.59
important occurs in the department
Information Sharing (Bottom — Up)
Average Variance Extracted 0.50 0.25
IS5 My team members share m_formatlon about their work 0.73 055
processes with each other in this department
1S6 My te_am mt_embers share !nfor.matlon regarding best 0.68 0.44
practices with each other in this department
Reward Practices
Average Variance Extracted 0.59 0.19
My team members are rewarded when they make aa extr
R3 . . 0.78 0.43
effort to improve overall performance of this depant
My team members are rewarded when they learn
RS additional skills related to their work 0.76 0.43
Training Practices
Average Variance Extracted 0.45 0.20
My team members are provided with training in sfeci
T job skills needed to do their job 0.55 0.50
T4 My team members are provided with training iolgdem 0.71 0.38
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solving skills related to their work
My team members are provided with training in gyali

> improvement skills related to their work area 0.74 0.45
Perceived Control
Average Variance Extracted 0.34 0.37
PCTRL1 My.team member influence process changes thattaffe¢ 0.49 0.72
their work
PCTRL2 My team members influence changes in their work 057 0.60
methods
PCTRL3 My team m_embe_rs influence the way in which tasks ar 0.56 053
completed in their work area
PCTRL4 My team members influence decisions about issuas th 0.68 055
affect their work
Perceived Competence
Average Variance Extracted 0.47 0.20
PC1 Vl\\//l()e/”team members are confident that they can do jblei 0.72 0.40
PC2 My team members demonstrate competence in meeting 0.71 0.44
their job tasks
PC3 My team members have the capabilities to meet jbleir 0.62 0.50
demands
Goal Internalization
Average Variance Extracted 0.45 0.23
G W(_)rklng towards the goals (objectives) of this dapant 0.65 053
is important to my team members
My team members are enthusiastic and ready to act
Gl2 towards achieving the goals (objectives) of this 0.79 0.31
department
GI3 My team members are inspired by the goals (objes}iv 0.61 0.49
of this department
Gla My team members are V\_nlllng to help this department 0.61 0.54
achieve its goals (objectives)
Task Interdependence
Average Variance Extracted 0.52 0.11
™ My team members work in groups to get the job done 0.79 0.36
this department
TI2 My team members rely on each other to getabedone 0.54 0.39
TIa My team members work in groups to get the job done 0.80 0.7
this department
Physical Context
Average Variance Extracted 0.55 0.07
PHYCA4 Eating areas within the plant are clean aryiemic 0.71 0.19
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PHYC5 Restrooms within the plant are clean anddmjigi 0.77 0.32

Social Context
Average Variance Extracted 0.45 0.08
My team members can always count on each other for

SC1 0.67 0.29
support at work
SC4 My team members are friendly with each othevaak 0.67 0.26
Job Satisfaction
Average Variance Extracted 0.53 0.28
JSAT1 My team members enjoy coming to work everyday 0.70 0.55
JSAT3 My team members enjoy performing their dgibp 0.75 0.50
activities
Job Security
Average Variance Extracted 0.51 0.06
JS1 My team members do not worry about losing floéir 0.70 0.11
352 My team members have job security within this 0.77 0.30
organization
Js3 My team members have job stability within this 0.78 0.26
organization
354 My team members jobs have not been affected byfayo 0.59 0.22

in this plant

Employee Performance
Average Variance Extracted 0.49 0.18
My team members’ abilities to deliver work output o

EP1 ) . 0.74 0.42
time has improved over the past three years

Epa My team members’ work quality has improved over the 0.75 0.15
past three years

EP5 My team members’ overall performance has improved 0.72 0.39

over the past three years

My team members’ dependability in meeting this
EP6 department’s goals (objectives) has improved dver t 0.59 0.59
past three years

Technical practice
Average Variance Extracted 0.66 0.04
LP1 My team members use lean practices on a regatas 0.83 0.06
Lp2 There is a strong commitment to using lean prastitell 0.80 0.27
levels within this department

In addition to the Satorra-Bentler scales Chi-sgudifference test, and estimating the

item loading on the unmeasured latent method fatttermodel fit (i.e. CFl) value for the
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model with the unmeasured latent method factor @hagl and without it (model B) was
also evaluated. Byrne (2006) suggests that sindéesdifare differences are sensitive to
sample size, researchers must evala&i€l for the two models. As th&CFIl of 0.013
(model A CFI = 0.951; model B CFI = 0.938) in thstudy was greater than the
recommended value of 0.01 (Cheung & Rensvold, 20@2) conclude that common
method bias was an issue. Hence for all furthetyaes, the unmeasured latent method

factor is included in the structural model to paErtut any method factor.

5.3.3. Hypothesis testing

This section provides the structural propertiethefhypothesized research model.
This is followed by the results of the analyseslioéct effects and moderation effects of
the proposed hypotheses in the study. Lastly, post-analyses provide possible

explanations for the proposed hypotheses that m@&rsupported by the data.

5.3.3.1. Structural model

The measurement model was tested with all fadiensg freely correlated with
one another. The measurement items were loadedtlogitorespective factors and also
onto the unmeasured latent method factor. Thistivas included in the structural model
that was used to test the hypothesized researckelmbide moderator variable (i.e. task
interdependence) was excluded, as it was testetaefy. The fit indices, as shown in
Table 5.17, suggest that the revised structuralainiitd the data well. The CFI fit index
is above the suggested cut-off of 0.90, and the RM®&alue is below the cut-off of 0.05

(Kline, 2005).
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Table 5.17 Fit of the hypothesized structural nftode

Satorra-Bentler
. Fl RMSEA
Chi-Square (df) c S
Measurement model 1020.05 (800) 0.95 0.037
Structural model 1295.17 (934) 0.91 0.044

* These models do not include the task interdependence construct

5.3.3.2. Analysis of direct effects

Rewards Perceived Perceived Goal
Control Competence Internalization
0 7

Information Information

Sharing Sharing
(Top - down) (Bottom-Up)
' L, e O 24*
N * 1 * 0-62*ﬁ/ -
e 5 0.73 : 0.743/ it 0.36*
\\(\J.39 ' ,
0.61%* )

079* ‘

Quality o™
Work

Middle
Management

Employee
Performance

Usage of
Technical
Practices

ns Not significant at 0.05 level
*  Significant at 0.05 level
** Significant at 0.01 level
*** Significant at 0.001 level

Values in parenthesis are the unstandardized coefficients

Figure 5.2 Hypothesized structural model with sfamlized path loadings

The result from this analysis is provided in faategories. First, the direct effect
of middle management support on social practicegeisaechnical practice usage,
employee performance, and quality of work life isgented. Second, the direct effect of

social practice usage of technical practice usagmloyee performance, and quality of
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work life is presented. Third, the direct effecttethnical practice usage on employee
performance and quality of work life is presentEdurth, the direct effect of quality of

work life on employee performance is presented.eral8., provides a summary of the
results from the analyses. The structural modeWshim Figure 5.2 provides the nature
(i.e. direction) and the standardized path loadofghe hypothesized direct relationships

in the study.

Table 5.18 Summary of direct effectsin the propasedel

Unstd. Std. CR. p- Supgorted

Hypothesis Direct Effect Loading | Error value

Middle Management Support
-> Social Practices Usage
Middle Management Support
- Technical Practices Usage
Middle Management Support
H3 - Improvement in Employee | 0.58 0.08| 7.55 0.00 Yes
Performance

Middle Management Support
- Quality of Work Life

Social Practices usage

- Technical Practices Usage
Social Practices Usage

H1lb - Improvement in Employee | -0.221| 0.11| -2.10 0.01 Yes
Performance

Social Practices usage

- Quality of Work Life
Technical Practices Usage
H2b - Improvement in Employee | 0.055| 0.02| 2.75 0.01 Yes
Performance

Technical Practices Usage
- Quality of Work Life
Quiality of Work Life

H8 - Improvement in Employee | 0.100 | 0.99| 0.10 0.47 No
Performance

Hla 0.35 0.10| 3.51 0.00 Yes

H2a -0.62 | 0.43| -1.45 0.15 No

H4 0.22 0.13| 1.58 0.11% No

T

H5 5.220 | 0.97| 5.16 0.00 Yes

H7 -0.664| 0.21| -3.18 0.00 No

H6 0.122 | 0.02| 5.08 0.00 Yes
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Direct effects of middle management suppoth thestudy, middlenanagement
support is proposed to have a direct effect onasqmiactice usage, technical practice
usage, quality of work life and improvement in eoygle performance. More
specifically, hypothesis 1a proposed that middi@agaement support is positively related
to the social practices usage. This hypothesis sugported 3= 0.54, p < 0.001).
Hypothesis 2a proposed that middle management stigguositively related to technical
practices usage. This hypothesis was not supp¢fied0.064, p < 0.15). Hypothesis 3,
proposed a positive relationship between middleagament support and improvement
in employee performance. This hypothesis was suppds= 0.76, p < 0.001). Finally,
hypothesis 4 proposed a positive relationship betwaiddle management support and
quality of work life. This hypothesis was not suped 3= - 0.18, p < 0.15). This
contradictory finding may be explained by conclasidrom Sirgy et.al (2001) and
Martel and Dupius (2006), who found that employges’ceptions of their quality of
work life change constantly, based on their immtediadividual needs. In other words,
employees have changing dispositions to the dimess{i.e. physical environment,
social context, job satisfaction, job security)cpfality of work life. Therefore, middle
management support will not have a significantatféa individuals’ perceptions of their
quality of work life.

Direct effects of social practice usageln this study, social practice usage is
proposed to have a direct effect mnprovement inemployee performance, technical
practice usage and employees’ quality of work I[f¥éore specifically, hypothesis 1b

proposed a positive relationship between sociattme usage and improvement in
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employee performance. This hypothesis was not stgghoHowever, contrary to the
expectation, there was a significant negative igrahip between the social practices
usage and employee performange ¢ 0.18, p < 0.04). To investigate this contraafigt
finding, correlation analyses for all items of sdcpractices, middle management
support, quality of work life, and employee perfamse were analyzedppendix D).

The bi-variate correlation between the construdtsocial practice usage and
employee performance was found to be positive. earthe first order correlations
between middle management support and employeerpece was much greater than
the correlation between social practice usage amuayee performance. This suggests a
case of net suppression. The result of hypothdsisah now be interpreted as follows:
given that the level of middle management suppartains constant, increasing the level
of social practices usage will have a negative chpa employee performance. Stated
differently, this means that increasing the usdgsoial practices does not automatically
translate into improved employee performance. $ogractices usage will have a
positive impact on employee performance, only wivencontrol for the level of middle
management support.

Hypothesis 5 proposed a positive relationship betwsocial practices usage and
technical practices usage. This hypothesis wasastgap 3= 0.77, p < 0.0001). Finally,
hypothesis 7, proposed a positive relationship betwsocial practices usage and
employees’ quality of work life. This hypothesissvaot supported. However, contrary to
the expectation, there was a significant negaationship between the social practices

usage and employee performange { 0.664, p < 0.0001).
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Direct effects of technical practice usagén this study, technical practice usage
is proposed to have a direct effect@mployees’ performance and quality of work life.
More specifically, hypothesis 2b proposed that mézdd practice usage is positively
related to improvement in employee performances Thypothesis was supportei=(
0.30, p < 0.01). Hypothesis 6 proposed a positationship between usage of technical
practices and the employees’ quality of work [ifais hypothesis was also supportgd (
0.99, p < 0.001).

Direct effects of quality of work life.In this study, hypothesis 8 proposed that
employees’ quality of work life is positively regt to their improvement in performance.
Contrary to the expectation, this hypothesis wasdwer not supported3€ - 0.007, p <

0.95).

5.3.3.3. Analysis of interaction effect

Hypothesis 9 proposed an interaction effect d taterdependence on the
relationship between social practice usage andawgment in employee performance.
The SEM analysis revealed that this interactioeaffvas insignificantf= -0.017, p <
0.68). Thus hypothesis 9 was not supported. A lget@ixamination of the results reveals
that although task interdependence is not a saamfi moderator between these two
constructs, the data indicates that for low levefistask interdependence, employee
performance reduces as the usage of social pradticeeases. For high levels of task

interdependence, employee performance increassexcied practices usage increases.
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The insignificant interaction effect found in thesudy may be attributed to a
phenomenon called as the ceiling effect (Cohen.,e2@03). More specifically, a careful
examination of the study sample revealed that 18the® 200 respondents worked in
organizations that had implemented lean practicek therefore we suppose that they
heavily depended on teams. As a result of this saeiparacteristic, the variance in the
independent variable (i.e. task interdependence)dcaot be measured or estimated
above a certain level of dependency. Scores faritasrdependence were bunched at the
upper level of the Likert scale. Hence future stsdshould collect data from firms that

have implemented a lean approach to work desighako ones that have not.

5.3.3.4. Post-hoc analyses

Indirect effect. Indirect effects are the mediation effects in thgothesized
research model (Figure 5.2) that were determinesi-lpoc using the Sobel test (Sobel,
1982). In this approach, “a@énd “b” represented the unstandardized path loadiog
path X>Z and Z2>Y respectively, for an overall path model represdras X> Z > Y.

In addition to the unstandardized path loadings, &%l Sk represented the standard
error for paths XZ and 2 respectively. The unstandardized indirect effegtse

obtained by taking the product of the two unstadidad path loadings a and b, while the
standard error for the indirect effect $Bas calculated ag b?SE;2 + £SE,2 . The Sobel

test statistic (a*b/Sk) was interpreted as the z-test for the indireétatf Table 5.20

provides the results for the post-hoc propositions.
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Table 5.19 Sobel test for indirect effects

Mediating Std.

effect Error Z- Statistics| p-value

Proposition Indirect Effect

Middle Management Suppot®
P1 Social Practices Usag® Technical 1.763 0.61 2.901 0.003
Practices Usage

Middle Management Suppot®

P2 Social Practices Usag® Quality -0.223 0.11 -2.195 0.02
of Work Life
Middle Management Support

P3 ->Technical Practices Usage -0.076 0.06 -1.382 0.17

Quality of Work Life

Middle Management Suppof®

P4 Quality of Work Life > Employee -0.002 0.24 -1.611 0.10
Performance
Middle Management Suppot®

P5 Social Practices Usage® -0.078 0.04 -1.805 0.07

Employee Performance

Middle Management Support
P6 ->Technical Practices Usage -0.034 0.03 -1.273 0.20
Employee Performance

Social Practices Usage Technical
P7 Practices Usage> Quality of Work 0.613 0.17 3.620 0.00
Life

Social Practices Usag® Quality
P8 of Work Life > Employee 0.007 0.00 2.841 0.003
Performance

Social Practices Usag® Technical
P9 Practices Usag® Employee 0.276 0.11 2.426 0.01
Performance

Technical Practices Usage
P10 Quality of Work Life > Employee -0.001 0.00 -5.077 0.000
Performance

Technical practices This test aimed to determine if process type @ssembly
line, batch shop, job shop, or continuous flow ps®) had an impact on the usage of
technical practices, which was measured as thewolly bundles: total quality
management (TQM), total preventative maintenané¢®& )l and just-in-time (JIT). The
one-way ANOVA for process type and the technicahcfices usage (Table 5.21)

revealed no significant difference. & 0.95). This result indicates that the production
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process used by a plant (to manufacture its maidyat) has no influence on the specific

technical practices implemented in that plant.

Table 5.20 One-way ANOVA for process type anchteahpractices

Sums of| Df Mean Fstat Significance
Squares Squares
TQM bundle
Between Groups 4545 3 1.515 1.752 0.158
Within Groups 169.470 196| 0.865
Total 174.014 199
TPM bundle
Between Groups 7.642 3| 2.547 1.055 0.369
Within Groups 473.313 196| 2.415
Total 480.955 199
JIT bundle
Between Groups 1831 3| 0.610 0.670 0.571
Within Groups 178.512 196| 0.911
Total 180.344 199

This study confirmed the earlier findings of Skatd Ward (2003), that size of
the firm has an influence on the usage of technirattices (measured as the lean
bundles). Additionally, one-way ANOVA tests (TalBe22) revealed which technical

practices are influenced by plant size.

Table 5.21 One-way ANOVA for Organizational Size &echnical Practice

Sums of| Df Mean Fstat Significance
Squares Squares
TQM bundle
Between Groups 14901 9| 1.656 1.977 0.044
Within Groups 159.113 190| 0.837
Total 174.014 199
TPM bundle
Between Groups 25486 9| 2.830 1.180 0.310
Within Groups 455,487 190| 2.397
Total 480.955 199
JIT bundle
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1.212
0.892

1.359
Within Groups

Total

Between Groups
180.344 199

10.908 9
169.436 190

0.209 ‘

Test results for the TQM bundle were significamt< 0.95). This indicates that plant
size influences the implementation of the technigedctices of standardized work,
kaizen, zero defects, visual control, and 5-S. dhalyses of the JIT and TPM bundles,

with respect to plant size, were not significant.
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CHAPTER 6. SUMMARY AND CONCLUSION

This chapter discusses the contributions thatdisisertation makes to the field of
operations management. Key findings from the da#dyaes are presented first, followed
by applications of this research to academia ar itidlustry. Finally, this chapter

addresses limitations of the study and presengstilins for future research.

6.1. Key findings
The key findings of this dissertation are presgméth respect to the four
research questions posed in Chapter 1:
1. What work practices integrate socio-technical am@nl approaches to
organizational work design within manufacturing?
2. What are the effects these organizational worktmas have on the employee
quality of work life?
3. What are the effects these organizational work times have on employee
performance?
4. How does task interdependence affect employee pesfice in

manufacturing?

6.1.1. Key finding 1: Integration of STS and lean princides

Based on a systemic method of comparing and tatggaerizing the STS and LP
principles which are based on a common overarchoals the principles are trying to

achieve, work practices were identified that coh&lp in achieving those goals (see
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section 3.1). The work practices identified thufiected an integrated STS and LP
approach to work design. These work practices wedelle management support, social
practices usage, and technical practices usagegeUsh social practices consists of
information sharing practice (both top-down infotroa sharing and bottom—up

information sharing), reward practice, traininggtiee, and practice of power manifested
as perceived control, perceived competence, andigeanalization. Usage of technical

practices consists of the lean practice bundlestiftled by Shah and Ward (2003) —
TQM bundle, TPM bundle, and the JIT bundle.

To provide a succinct explanation of the impacttlud above identified work
practices on employees’ quality of work life andfpemance, a parsimonious model was
tested (Figure 6.1). This model contained only significant direct effects of the
relationships proposed in the full model (Figur2)5The fit of this model (CFI - 0.91,
RMSEA - 0.044) was not significantly different thidue fit of the full model (CFI - 0.91,
RMSEA - 0.044). Hence, we suggest that the pardmaemmodel succinctly describes

the relationships.
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Figure 6.1 Significant paths in the research model

6.1.2. Key finding 2: Impact on quality of work life

The decomposition of the total effects of middlenaxgement, social practices
usage and technical practices usage as shown ile Bah reveals that only technical
practices usage had a significant direct effeceimployee’s quality of work life. Social
practices usage and middle management support datirect significant effect on the
employees’ quality of work life. Social practicesage had a significant positive indirect
effect of quality of work life when mediated thrdugechnical practices usage. This
means that usage of technical practices, when @meiting usage of social practices,
improves employees’ quality of work life. Furthemapthe indirect effect of the social
practice usage on quality of work life is greateart the direct effect of technical practice

usage on employees’ quality of work life. This sestg that both social practices and
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technical practices are needed to have a greapacinon the employees’ quality of work
life.

Middle management support like social practicesgesalso has a significant
positive indirect effect on the quality of workdifivhen mediated through social practices
usage and technical practices usage. This suppaods findings in the literature that
when middle managers promote the usage of sociattipes (i.e. bi-directional
information sharing, providing access to relevamd appropriate training, instating a
reward structure, and empowering employees (Mef06Q]; Bowen & Lawler, 1992),
employees are more likely to utilize technical pies effectively. This leads to
improved working conditions and therefore, empleyeaperience a better quality of
work life (Rethinam & Ismail, 2008; Treville & Antakis, (2006); Sumukadas, 2005;

Shah & Ward, 2003; Pun et.al., 2001; Brown et241Q0).

Table 6.1 Total effect decomposition

Endogenous Variables
Social practices Technical practices Quality of Employee
Causal Variables usage usage work life | Performance
Unstd. Unstd. Unstd. Unstd.
Middle management support
Direct effect 0.41 - - 0.54
Indirect effect - 1.31 0.13 0.06
Total 0.41 1.31 0.13 0.60
Social practices usage
Direct effect 3.203 - -
Indirect effect - 0.32 0.14
Total 3.203 0.32 0.14
Technical practices usage
Direct effect 0.1 0.04
Indirect effect -
Total 0.1 0.04

* Effect of quality of work life on employee perfoance was non-significant
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6.1.3. Key finding 3: Achieving employee performance

The decomposition of the total effects of middlenagement, social practice
usage and technical practice usage as shown ire Babl reveal that middle management
support has both a significant positive direct andirect effect on improvement in
employee performance. Technical practices usagelas a positive significant direct
effect on improvement in employee performance. &qumiactices usage and quality of
work life however, had no positive significant diteeffect on employee performance.
Social practices usage infact has a significanitipesindirect effect on improvement in
employee performance. Technical practices usageatesdthe relationship between
social practices usage and improvement in empl@g®ormance. Furthermore, the
indirect effect of social practices usage on improent in employee performance is
greater than the direct effect of technical pr&sicsage on improvement in employee
performance. This suggests that, it is importarttadee both the social practices as well
as the technical practices to have a greater impactimprovement in employee

performance.

6.1.4. Key finding 4: Effect of task interdependence

In recent years, the focus of organizational woesign has shifted from
individuals to teams (Liker, 2004; Shah & Ward, 20&ohal & Egglestone, 1994).
Tasks have become highly interdependent, and hi&weceeed for employees to interact
and coordinate with each other has increased (WagedD95). This interdependency
creates opportunities for conflicts, which can feso lower employee performance

(Wilmont & Hocker, 2001; Guzzo & Shea, 1992). Thuask interdependence was
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posited to have a moderation effect on improvenremimployee performance (Treville
and Antonakis, 2006; Seibert et.al, 2004; Kozlow&kiBell, 2003). However, the

research results do not offer support for thisnalai

6.2. Overall conclusions

6.2.1. Integration of the social and technical practices sage

Social practices usage has a significant indieffeict on both employees’ quality
of work life and improvement in employee performanchis effect is mediated through
the usage of technical practices. This suggestsotiganizations that promote the usage
of social practices by encouraging information Bitarpractices, training practices,
reward practices, and empowerment practice whicimé&asured as power through
perceived control, perceived competence, and go&rnalization has an effect on
employees’ quality of work life and improvement @mployee performance only if
employees use the technical practices (i.e., thd, TIRQM, JIT bundles). This conclusion
supports the underlying methodology for the redes§ work practices based on the
socio-technical systems philosophy — to enable meffextive integration of human and
technological resources (Cherns, 1979, 1987; Cle2§080) — and the lean production
system — an integrated socio-technical system wh@se objective is to eliminate waste
(Shah & Ward).

The above finding supports the definition of ‘lgamduction’ provided by Shah
and Ward (2007), in which they consider LP to bardegrated socio-technical system

that focuses on the usage of social practices tneka the benefits of the technical
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practices. This finding also resonates with anesddocdomments made by practitioners.
For example AME president Ralph Keller, in his kegte address at the AME annual
conference in Covington, KY (2009), acknowledgeat tfe industry has now turned its
focus to the usage of social practices. Accordmdpitn, the 80s and 90s was all about
using the technical practices alone, now it is tinee to promote the usage of social
practices to gain benefit from the usage of tecdrpeactices and improving the workers

guality of work life in the process.

6.2.2. Implications of middle management support

Middle management support had a significant direiféct on the employee
performance. This implies that when middle managesside employees with resources
to accomplish their task(s) and interpret the t@gmagement directives, have a significant
effect on the performance of their employees. Heremiddle management support had
no significant direct effect on the technical preetusage and the employees’ quality of
work life. Middle management support infact hadignsicant indirect effect on the
usage of technical practice and employees’ quafityork life.

Social and technical practice usage mediated tlaiaeship between middle
management support and quality of work life, whigehnical practices mediated the
relationship between middle management support em@loyee performance. This
implies that the both social practice usage andnieal practice usage is vital for middle
management support to have an impact on both th@ogees quality of work life and

the employee performance.

199



6.3. Contributions of research

This dissertation makes several contributions tih besearch and practice. Until
now, researchers studying lean production havenee@fand described lean production
primarily in terms of achieving the end goal — miiging buffers, reducing variability,
and eliminating all kinds of waste (Dennis, 200@r&simhan et.al., 2006; Treville &
Antonakis, 2006; Bonavia & Marin, 2006; Li et.a2005; Hopp & Spearman, 2004;
Liker, 2004; Womack & Jones, 1996). Of these neeas, only Shah and Ward (2003)
defined and described lean production as a muttedsional approach that encompasses
a wide variety of management practices that worlesyistically to create a high quality
management system. In 2007, they further refined thork by defining lean production
as an integrated socio-technical system; howewey bnly focused on the technical
practices. This study extends the research stregnoperationalizing STS and LP
principles to identify both social and technicahgiices that reflect an integrated socio-
technical system. The developed model for leangdesicludes both social and technical
practices (along with middle management support axplains how these practices
impact employees’ quality of work life and performea.

Secondly, this study is an answer to the call teeaech which focuses on
understanding the interaction between operatiossareh and human behavioral research
(Bendoly et.al., 2006; Boudreau et.al., 2003; M&n3tewart, 1997; Forza, 1996). The
empirical model developed for this study examinkd integrated approach to work
design by including the effects of human considenat(i.e. usage of social practices) on

classical operations management results (i.e. grapl@erformance), and operational
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considerations (i.e. usage of technical practices) classical human resource
management results (i.e. quality of work life).

Thirdly, while prior research in operations managathas operationalized lean
production and described it in terms of its pragi¢Shah & Ward, 2003; Narasimhan
et.al., 2006), this study is the first to examieehnical practices usage as a formative
construct. Shah and Ward (2003) classified theowaritechnical practices into four
bundles (i.e. TPM, TOQM, JIT, and HRM), it is cldhat the items used to measure those
practices within each bundle do not share a comtheme. There is little reason to
believe that all these practices are sampled frontcoemmon domain and are
interchangeable. Thus this research uses a measntr@pproach which presumes that
changes in the indicators cause variation in tmsicact, rather than the other way round.
The eleven technical practices of standardized wpuak production, continuous flow,
production leveling, cellular manufacturing, totaoductive maintenance, setup time
reduction, zero defects, visual controls, contirsugaprovement, and 5-S determine the
construct of technical practice usage. This metlmddmeasurement adds to the
understanding of technical practices usage withinrganization.

Fourthly, this study demonstrates that middle mansnt support is critical in
the implementation and sustenance of a lean sydR@searchers need to measure the
level of middle management support when evaluating factors that determine the
success of lean implementation.

In more recent years, practitioners’ focus withegan production has been

changing. During the 80’s and 90’s, they soughtrtplement the tools and practices of
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lean. Now, they have come to realize that althotayiis are necessary, they are not
sufficient (Keller, R., 2009). The focus now is abiout the “people” who use these tools
and the work practices that help facilitate in tlsage of those tools. From a practical
stand point, this study describes specific andtitiable factors that can lead to improved
employee performance and quality of work life. lartpcular, it provides practitioners

with key ingredients necessary to successfully @m@nt a true lean production system
which incorporates elements of both the social el &g the technical system. The social
system incorporates the middle management supganployee involvement practices,

and the empowerment initiatives. The technicalesyisincorporates the practices used in

lean production (depending on the operational m®edthin that plant).

6.4. Limitations of the study

A major limitation of this study is the use of agle respondent to measure both
independent and dependent variables. Supervisors’e wasked to assess their
organizations’ implementation of work practices dth®n the STS and LP approaches
(i.e. independent variable), and the same indiVidizas also asked to assess the impact of
these work practices on their employees’ perforreaaacd quality of work life (i.e.
dependent variable). This self-reported data isaase for common method bias. To
counter the effects of using a single respondettigmstudy, multiple responses from 54
companies were collected, and the analysis of -natter agreement revealed that there
was adequate reliability between the respondentstoffvi & Schroeder, 2004).

However, the limited sample size did not allow tiige of muilti-trait multi-method
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(MTMM) analysis with the data. Hence, it was nosgible to evaluate the whole data set
(of 200 responses) for common method bias.

The type of respondent chosen for this study alsated a limitation. Since it was
not possible to access shop floor employees to ephe survey, their supervisors
were selected as the key respondents to answeeysgpestions on behalf of their
employees. According to organizational behavior pagchology literature, supervisors
generally believe that employees are treated marerébly than employees themselves
are actually treated (Lester, Turnley, BloodgoodBd&lino, 2002). To account for this
limitation, a familiarity scale was developed tsttéhow familiar the respondents (i.e.
supervisors) were with their shop floor employees.

The measures of the different technical practicesduin this study (i.e. JIT,
TQM, and TPM bundles) limited our ability to fullynderstand: 1) how long have
employees been using the individual technical prest and 2) how often employees use
these practices in their daily work task(s). Futtesearch should assess the length of
time and frequency of technical practices usageder to better measure this construct.

This study is unable to establish causality for pineposed model. The cross-
sectional survey used in this study does not aflowthe examination of the possible
causal direction between quality of work life andrfprmance of employees. Future
research should employ a longitudinal approach wenfully understand the causal
direction and possible reciprocal relationship leswthese two independent variables.

The insignificant interaction effect found in thssudy may be attributed to a

phenomenon called as the ceiling effect (Cohen.,e2803). Since the study sample
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consisted of 184 respondents that worked for omgaioins that had implemented lean
practices and therefore were heavily depended amggethe variance in the independent
variable (i.e. task interdependence) could not leasured or estimated above a certain

level of dependency.

6.5. Suggestions for future research

This study provides a stepping stone for severéldeareas for future research.
Conduct another cross sectional study with a reviservey to be able to measure
employees changing dispositions to the dimensidregiality of work life (i.e. physical
environment, social context, job satisfaction, ggzurity). This may provide support for
the effect of quality of work life on employee parhance. Also include plants that have
not implemented lean so as to test the effect sK taterdependence on the relationship
between social practice usage and employee perfamena

Next, conduct a multi-national study to test thdidity of the model across
different cultures (e.g. India, Taiwan, and the .)J.8Iso organizational culture has been
known to have an impact on many quality managenmatiatives (Zu, 2005). It is
important that we enhance our understanding ofntipact of organizational culture (e.g.
Organizational Citizenship Behavior) on the impletagion and the execution of the
work practices identified in this study. Future eash should focus on how
organizational culture results in improved employgaality of work life and

performance.
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Also conduct a multi-level case study to determhog this integrated approach
to work design impacts the quality of work life apérformance of employees at
different level within an organization (e.g. middbeanager, team leader, shop floor
employee).

Finally, investigate how service operations caretage the usage of social and
technical practices by customers in the co-productf products. As service sectors
progresses towards the concept of mass custormzdkie usage of social practices and
technical practices will play an important role impacting the business performance.
Hence researchers should undertake case studigairtodeeper insight into how the

above practices can be used in a co-productionamwient.
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APPENDIX A

Items dropped, retained, and added after pilot test

Scales used Hit Rate
Middle Management Support
My manager spends time with me to explain my jdbrjires 1.00
My manager provides me with the necessary resotwcascomplish my task(s) 0.88
effectively
My manager facilitates in the implementation of lgyamprovements in my 0.90
department
My manager provides me with the necessary resotwdegprove product quality 0.75
My manager supports my efforts to improve my woulalgy * 0.60
My manager spends time with me to explain the depsrt's goals (objectives) * 0.40
Information Sharing (Top — Down)
Information regarding company policies and procedus shared with my team 0.88
members
My team members receive feedback about their woslity 0.86
My team members productivity is shared with them ora regular basis ** 0.86
My team members are alerted when something importaroccurs in the 0.71
department **
Information Sharing (Bottom — Up)
My team members report (record) their productioalipidata in a timely manner f 0.54
My team members share information about produdiitgjisasues with each other * 0.62
My team members report their productivity data tingely manner * 0.65
My team members share information about their workprocesses with each 0.75
other in this department **
My team members share best practices with each othi this department ** 0.76
My team members share their productivity data witheach other in this 0.75
department **
My team members share their frequency of machine lakdown with each 0.75
other in this department **
Reward Practice
My team members' pay increases are based on ¢hgagformance * 0.65
My team members receive recognition/praise whe tiedp achieve the goals 0.75
(objectives) set for this department
My team members are rewarded when they make aa eftart to improve overall 1.00
performance of this department
My team members are financially rewarded when thagn additional skills related 0.90
to their work
My team members are rewarded with bonuses when theusiness performs well 1.00
**
My team members receive letters or certificate of gpreciation when they 0.88
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perform well **

Training Practice

My team members are provided with training in spe@b skills needed to do
their work

My team members are provided with cross-trainingadorm other jobs within the 0.58
department *

My team members are provided with training to inver¢heir ability to work as a 0.85
team

My team members are provided with training in penblsolving skills related to 0.90
their work

My team members are provided with safety trainglgted to their work * 0.60
My team members are provided with training in quality improvement skills ** 0.88
Perceived Competence

My team members demonstrate competence in meéigngob duties 1.00
My team members have the capabilities to meet jbleidemands 1.00
My team members have the ability to perform thelirsj effectively 1.00
My team members are confident that they can do jbleiwell 1.00
My team members are capable of doing their job$*wvel 0.60
Perceived Control

My team members influence process changes thatt alfffeir work 1.00
My team members influence changes in their workhioss 1.00
My team members influence decisions about isswsaffect their work 1.00
My team members influence their schedule for omerthours * 0.45
My team members influence the way in which task(sgre completed in their 0.90
work area **

My team members have influence over how their vemtkedule is created * 0.60
My team members influence managerial decisionsdtfiact their work * 0.45
My team members influence the allocation of resesiwithin this department * 0.62
Goal Internalization

Working towards the goals (objectives) of this dépant is important to my team membefs

My team members are inspired by the goals (objesjief this department 1.00
My team members are willing to help this departnaattieve its goals (objectives) 1.00
My team members are enthusiastic about working towals the goals (objectives) of this| 1.00
department **

Achieving this department's goals (objectives) eaningful to my team members 1.00
Achieving the goals (objectives) of this departmisnimportant to my team members * 1.00
Physical context

The quality of air, lighting, and noise in my wakea is satisfactory 1.00
Eating areas within the plant are clean and hygieni 1.00
Restrooms within the plant are clean and hygienic 1.00
Safety hazards are controlled/eliminated in my depent * 0.65
Safety protocols are enforced strictly in this depdment ** 0.88
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Workplace safety and health issues are taken styiouthis department * 0.65
Health issues are taken seriously in this departmern™* 0.88
Social Context

My team members are satisfied with the qualityaxfial interaction with their 0.70
colleagues at work

My team members can always count on their colleagador support at work** 0.75
My team members have a good relationship with thaleagues at work 0.88
My team members take an interest in each otherflshgeng at work 1.00
My team members are always willing to help each o#r in this department** 0.90
My team members can talk frankly about their jathwny each other at work 1.00
My team members treat each other with respect & o 0.40
My team members are friendly with each other** 1.00
Job Satisfaction

My team members enjoy coming to work everyday 1.00
My team members are satisfied with their job irs Whepartment 1.00
My team members enjoy performing the daily actatof their job 1.00
My team members have very few complaints about tfad in this department 1.00
Job Security

My team members do not worry about losing their job 1.00
My team members have job stability with this orgation 1.00
My team members job will not be affected by a reims 1.00
This organization offers full-time employment * 1.00
My team members have job security with this organiation ** 0.88
Lay-offs have not affected the jobs of my team mengos within this 0.86
organization **

Task Interdependence

My team members rely on one another to get thelgote within the department 1.00
Different task(s) are performed sequentially byet#nt team members in this 0.50
department *

My team members work in groups to get the job don@ this department ** 0.70
My team members need to work together to compl@ib affectively 0.75
My team members share their resources (equipmentsjith each other to 0.86
complete the job within the department **

My team members work together to complete a johiwithis department * 0.59
My team members frequently have to coordinate theiefforts with other in the 1.00
department to complete the job **

My team members perform different task(s) in agetermined order to complete 0.62
the job *

Employee Performance

My team members' ability to deliver work outputtame has improved over the 1.00

past three years
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My employee absenteeism has decreased over ththpastyears 1.00
My team members' work quality has improved overghst three years 1.00
My team members' overall performance has improwed the past three years 1.00
My team members' dependability in meeting this depent's goals (objectives) has  1.00
improved over the past three years

My employee turnover rate has decreased over tielae years 1.00
My team members' productivity has improved overghst three years * 1.00
Marker Variable

| have wonderful memories about my last vacation .001
I will not forget my experiences from my last vaoat 1.00

| remember many things about my last vacation 1.00

*  ltems that were dropped after the pilot test

**  Jtems that were added after the pilot test asdd in the final large scale survey
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APPENDIX B

Sample calculation for Cohen’s K value

Survey ltems KEY | J1 |J2|J3 |J4 | J5 | HIT | Hit Rate
My employees are provided with cross-training to perform other jobs
1 | within the organization 4 4| 4| 4| 4] 12 4 80%
My employees need to coordinate their job activities with others to
2 | complete their jobs 12 121121212 12 5 100%
3 | My employees are competent in their jobs 6 6| 6| 6| 6| 4 4 80%
4 | My employees have to rely on one another to get the job done 12 112112 6] 12| 12 4 80%
5 | I have a good relationship with my colleagues at work 9 91 91 9] 9|11 4 80%
6 | My employees' promotions are based on their job performance 3 31 3] 3] 3] 3 5 100%
My employees are provided with training to learn the safety protocols
7 | (procedures) related to their work 4 4| 4| 4| 4| 4 5 100%
Information regarding company policies and procedures are shared with
8 | my employees 2 2|1 2| 2] 2| 2 5 100%
9 | My employees receive recognition (praise) based on their job performance 3 31 3] 3] 3| 3 5 100%
10 | My employees have a great deal of control in how they do their work 5 5/ 5] 5] 6] 5 4 80%
11 | This organization uses many setup time reduction technigues 13 113113131313 5 100%
12 | My manager provides me with resources necessary to accomplish my task 1 1] 1 1 1 1 5 100%
13 | My employees are willing to help this organization achieve its goals 7 71071 71 7] 7 5 100%
14 | I do not worry about losing my job 10 11010 10|10 10 5 100%
15 | I enjoy coming to work everyday 11 11 911 ]11] 11 4 80%
16 | My employees share their process quality data with others in the plant 2 21 2| 2] 2| 2 5 100%
17 | This organization uses many quality improvement techniques 13 113131313 ] 13 5 100%
18 | My employees share their product quality data with others in the plant 2 2|1 2| 2| 2| 2 5 100%
My employees are provided with training in problem solving skills related
19 | to their work 4 4| 4| 4| 4| 4 5 100%
20 | I have job stability with this organization 10 |10]10|10] 10| 10 5 100%
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Counting Occurrences of Numbers

Factors J1 J2 J3 J4 J5
1 1 1 1 1 1
2 3 3 3 3 3
3 2 2 2 2 2
4 3 3 3 3 3
5 1 1 1 0 1
6 1 1 2 2 0
7 1 1 1 1 1
8 0 0 0 0 0
9 1 2 1 1 0
10 2 2 2 2 2
11 1 0 1 1 2
12 2 2 1 2 3
13 2 2 2 2 2
Total Answered
J1 J2 J3 J4 J5
20 20 20 20 20
Frequency of Number Chosen
Factors J1 J2 J3 J4 J5
1 0.1 0.1 0.1 0.1 0.1
2 0.2 0.2 0.2 0.2 0.2
3 0.1 0.1 0.1 0.1 0.1
4 0.2 0.2 0.2 0.2 0.2
5 0.1 0.1 0.1 0.0 0.1
6 0.1 0.1 0.1 0.1 0.0
7 0.1 0.1 0.1 0.1 0.1
8 0.0 0.0 0.0 0.0 0.0
9 0.1 0.1 0.1 0.1 0.0
10 0.1 0.1 0.1 0.1 0.1
11 0.1 0.0 0.1 0.1 0.1
12 0.1 0.1 0.1 0.1 0.2
13 0.1 0.1 0.1 0.1 0.1
Summed Product of Marginal Probabilities
1&2 1&3 1&4 1&5 2&3 284 2&5 3&4 3&5 485
0.10 | 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
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4&5

4&5

16
20
0.8

2.0
0.8

3&5

3&4

2&5

284

2&3

3&5

16
20
0.8
1.9
0.8

3&4

18
20
0.9
2.0
0.9

2&5

16
20
0.8

2.0
0.8

284

18
20
0.9

2.0
0.9

2&3

18
20
0.9

2.0
0.9

1&5

17
20
0.9
2.1

0.8

1&5

1&4

19
20
1.0
2.0

0.9

1&4

1&3

Agreement of Judge Pairs

1&2

Calculations

1&3

19
20

1.0
2.0
0.9

1&2

19
20

1.0
2.0

0.9

Fo =
TOT

Fc =

=0.9

Mean Cohen’s K
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APPENDIX C

Key respondent survey booklet

pg 1

PART - B %

Survey of Lean Production Practices Q@,E

Survey Structure

This questionnaire evaluates how lean work pragtigéhin manufacturing organizations
improves employees’ productivity and their quadifywork life. It is designed in an easy to read
format and should takEs-20 minute®f your valuable time.

Target Respondent

This questionnaire should be completed by a stamr Bupervisor or a team leader associated with
manufacturing in an organization.

Optional $100 Visa gift card lucky draw

If you fully complete and mail in this survey andwprovide your contact information, you will be
entered into a $100 Visa gift card drawing. Threeners will be contacted at the end of this study
(September 30th, 2010).

What do you get for completing this survey

* An executive summary of the results of this studylve provided to all participants free of
cost, upon request.

* This executive summary can be used to benchmark yont'lase of lean work practices, and their
impact on employees productivity and qualitywirk life, against other plant’s participating g
survey.

Confidentiality

* Full confidentiality of your responses will be ntaimed at all times in the study and in any publisteport.

* This survey is completely voluntary.

* Your survey responses are confidential and will ot be shared with your manager. You will mail
this survey directly to the researchers in the selfddressed return envelope provided.

If you have any questions about your rights asaarch participant, you may contact the Office of
Research Compliance (Clemson University) at 864-&860.

If you need to get in touch with the researcheos, may contact Mohammed Raja at 864-508-0161 or
mraja@clemson.edu, and Dr. Lawrence Fredendab46%56-2016 or flawren@clemson.edu.
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pg 2

Please select the industry that best representsur major product:

Furniture and related product manufacturing
Apparel manufacturing

Wood product manufacturing

Printing and related support activities
Petroleum and coal products manufacturing
Plastics and rubber products manufacturing
Fabricated metal products manufacturing
Computer and electronic product manufacturing
Transportation equipment manufacturing
Electrical equipment/appliance & component manuwifidag
Textile mills

Leather and allied products

Paper manufacturing

Chemical manufacturing

Primary metal manufacturing

Non-metallic mineral products

Machinery manufacturing

Food manufacturing

Miscellaneous manufacturing

I e e e e Y Y O Y O

Please select the operation process of your majaroduct at your plant:

[J Job Shop— manufacturing standardized one of adfiploduct in low volumes (e.g. Die Casting)
Batch Process— manufacturing multiple productewnvolumes (e.g. Printing Press)

U
[] Assembly Line Process— manufacturing multiple paoslin high volumes (e.g. Automobile Mfg.)
[J Continuous Flow Process— manufacturing highly stedided products in high volume (e.g. Beer Mfg.)

Please select how many employees work at youapt:

Ll 0-49 0 50-99 0 100-149 O 150-199 0 200-249 0O 250-299
[J 300-349 [I 350-399 L] 400449 1 450-499 0 500+

Please select the job title that best describgsur position in the organization:

[J Production manager

[] Operations manager

[1 Shop floor supervisor

[0 Team leader

[] Other (please provide your title):
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pg 3

10.

11.

12.

13.

14.

Who do you directly supervise?

Shop floor supervisor
Team leader
Shop floor employees / Machine operators/ Astes

U
U
U
[] Other:

Has this plant implemented lean production teahiques(e.g. 5-S practice, visual control practice,

standardized practice, setup time reduction practiero defects, cellular manufacturing, €tc.)
[J Yes [J No

How many years ago did the plant implement leaproduction techniques?
[ 0-3 0 4-7 0 8-11 0 12-15 0 16-19 0 20+

How many years ago did this plant open for prodction?
[ 0-3 0 4-7 0 811 0 12-15 [l 16-19 [ 20+

How many years have you worked in this organizeon?
[ 0-2 [ 3-5 0 6-9 0 10+

How many years of work experience do you havwe manufacturing?
0 0-2 0 3-5 0 6-9 0 10+

Approximately what percentage of this plant’'s emplygees are represented by a union?
0o 0 25% 0 50% 0 75% [ 100%

How many shifts are operated per day at thiglant?
1 2 3

Have there been layoffs in your department dumg the past 2 years?
[J Yes [J No

To ensure that survey responses are matched ocectly for data analysis, please provide your
manager’s full name:

Last Name: Last Name:

Your survey responses are confidential and watllve shared with your manager. You will mail
this survey directly to the researchers in thé-adtressed return envelope provided.
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pg 4

On a scale of 1-7, please circle the number that ieindicates your level of agreement with each
statement as it relates to your department.

Rating Scale
1 2 3 4 5 6 7
Strongly Disagree Mildly Neither Mildly Agree Stroly
Disagree Disagree Agree Agree

Workstations are arranged in a sequence to redasgpiortation and delay of
materials through the production process

The quality of air, lighting, and noise in my wakea is satisfactory 1 2 3 4 5 6
My team members are satisfied with their job 1 2 3 4 5 6
My team members influence the way in which taskscampleted in their work 1 2 3 4 5 &
area

| remember many things about my last vacation 1 2 3 4 5 6
My team members receive regular feedback about wak quality 1 2 3 4 5 6
My team members absenteeism has decreased oyaghtaree years 1 2 3 4 5 6

My manager facilitates in the implementation of lgyamprovements in this
department

My team members’ overall performance has improwest the past threeyears 1 2 3 4 5 6

My team members are provided with training in peoblsolving skills related to
their work

=
N
w
SN
ol
(o2}

My team members can talk frankly about their jokthvéiach other at work 1 2 3 4 5 6

My team members initiate continuous improvemeniviiets in their work area
on a regular basis

=
N
w
N
o
(o2}

My team members participate in determining how begnplement
management decisions in their work area

My team members are rewarded when they learn additskills related to their
work

=
N
w
N
o
(o2}

My team members are rewarded when they make aa effart to
improve overall performance of this department

My team members have a good relationship with edloér at work 1 2 3 4 5 6

Working towards the goals (objectives) of this deépant is important to my
team members

| have worked with most of my team members for ssweears now 1 2 3 4 5 6

Achieving this department’s goals (objectives) samingful to my
team members

My team members demonstrate competence in meétiigjob tasks 1 2 3 4 5 6
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Pg 5

On a scale of 1-7, please circle the number that ieindicates your level of agreement with each
statement as it relates to your department.

Rating Scale
1 2 3 4 5 6 7
Strongly Disagree Mildly Neither Mildly Agree Stroly
Disagree Disagree Agree Agree

Workstations are arranged in a sequence to redasgpiortation and delay of
materials through the production process

The quality of air, lighting, and noise in my wakea is satisfactory 1 2 3 4 5 6
My team members are satisfied with their job 1 2 3 4 5 6
My team members influence the way in which taskscampleted in their work 1 2 3 4 5 &
area

| remember many things about my last vacation 1 2 3 4 5 6
My team members receive regular feedback about wak quality 1 2 3 4 5 6
My team members absenteeism has decreased oyaghtaree years 1 2 3 4 5 6

My manager facilitates in the implementation of lgyamprovements in this
department

My team members’ overall performance has improwest the past threeyears 1 2 3 4 5 6

My team members are provided with training in peoblsolving skills related to
their work

My team members can talk frankly about their jokthvéiach other at work 1 2 3 4 5 6

My team members initiate continuous improvemeniviiets in their work area
on a regular basis

My team members participate in determining how begnplement
management decisions in their work area

My team members are rewarded when they learn additskills related to their
work

=
N
w
N
(¢)]
(o2}

My team members are rewarded when they make aa effart to
improve overall performance of this department

My team members have a good relationship with etloér at work 1 2 3 4 5 6

Working towards the goals (objectives) of this deépant is important to my
team members

| have worked with most of my team members for ssweears now 1 2 3 4 5 6

Achieving this department’s goals (objectives) samingful to my
team members

My team members demonstrate competence in medigngjob tasks 1 2 3 4 5 6
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On a scale of 1-7, please circle the number that $teindicates your level of agreement with each

statement as it relates to your department.

Rating Scale
1 2 3 4 5 6 7
Strongly Disagree Mildly Neither Mildly Agree Stroly
Disagree Disagree Agree Agree
Safety protocols are enforced to prevent acciderttsis department 1 3 5 6
My team members dedicate a portion of each dagugpenent inspection / 1 3 5 6
maintenance activities
My team members are willing to help this departnaattieve its goals 1 3 5 6
(objectives)
My team members share information regarding besttiwes with each other in 1 3 5 6
this department
My team members participate in the creation ofrtivairk schedules 1 3 5 6
My team members are provided with training to perfenultiple tasks in this 1 3 5 6
department
My team members turnover rate has decreased owerattt three years 1 3 5 6
My team members receive recognition / praise wheg help achieve the goals
e . 1 3 5 6
(objectives) set for this department
| have gotten to know my team members on a perdeweall over the years 1 3 5 6
My team members move material in small batcheautittahe production 1 3 5 6
process with almost no waiting at work stations
My team members share information about their vipsdcesses with each otk 1 3 5 6
in this department
My team member influence process changes thatt afferr work 1 3 5 6
Health issues are considered when designing / angutige way tasks are ac-
. > 1 3 5 6
complished in this department
My team members frequently have to coordinate thféirts with each other to
o Lo 1 3 5 6
complete their jobs in this department
My team members have the capabilities to meet jbeidemands 1 3 5 6
My team members’ productivity has improved over plast three years 2 3 5 6
My team members receive a letter or a certificitgppreciation when they 1 3 5 6
perform well
My team members are kept informed when somethimpgitant occurs in the 1 3 5 6

department
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On a scale of 1-7, please circle the number that $teindicates your level of agreement with each
statement as it relates to your department.

Rating Scale
1 2 3 4 5 6 7
Strongly Disagree Mildly Neither Mildly Agree Stroly
Disagree Disagree Agree Agree

My manager provides me with the necessary resotocascomplish my task

effectively L e & 4 2 €

My team members jobs have not been affected byfayrothis plant 1 2 3 4 5 6

My team members are provided with training in sfiegob skills needed to
do their job

My team members develop special toolings (fixtutegeduce setup times 1 2 3 4 5 6

My team members are provided with training in dyalnprovement skills
related to their work area

My team members eliminate the root cause of probletmen quality defects
occur in their work areas

[EnY
N
w
SN
(6]
(e}

My team members work in groups to get the job darikis department 1 2 3 4 5 6

My team members enjoy coming to work everyday 1 2 34 5 6

My team members’ abilities to deliver work outputtime has improved ove
the past three years

[N
[N)
w
I
Ul
o

My team members share their frequency of machieakatown with each
other in this department

There is a strong commitment to using lean prestidall levels within this
department

| am familiar with my team members 1 2 3 4 5 6
My team members have job security within this oigation 1 2 3 4 5 6

Any decisions implemented by my team members have tapproved
by me first

N
N
w
N
(&3]
»

My team members are inspired by the goals (objes}ief this

department
My manager spends time with me to explain my jdbrgres 1 2 3 4 5 6
My team members are confident that they can do jhkeiwell 1 2 3 4 5 6

My team members’ opinion are given importance wimamagers make

work decisions in this department 12 3 4 5 6
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On a scale of 1-7, please circle the number that $teindicates your level of agreement with each

statement as it relates to your department.

Rating Scale
1 2 3 4 5 6 7
Strongly Disagree Mildly Neither Mildly Agree Stroly
Disagree Disagree Agree Agree
My team members work in groups to get the job darthis 1 2 3 4 6 7
department
My team members use well documented standardizechtipg
. 1 2 3 4 6 7
procedures to complete their tasks
My team members influence decisions about issussaffect their 1 2 3 4 6 7
work
My team members’ productivity details are sharethwiem on a
. 1 2 3 4 6 7
regular basis
I will not forget my experiences from my last vdoat 1 2 3 4 6 7
My team members’ job will not be affected by a msien 1 2 3 4 5 6 7
My team members influence changes in their workhiods 1 2 3 4 6 7
Information regarding company policies and procedus shared with
1 2 3 4 6 7
my team members
My team members enjoy performing their daily johdties 1 2 3 4 6 7
My team members’ dependability in meeting this depant’s goals
C : 1 2 3 4 6 7
(objectives) has improved over the past three years
My team members share their tools/equipment witi edher to 1 2 3 4 6 7

complete their jobs in this department

Answer to this question is voluntary:

If you want to be eligible for a $100 Visa gift dadrawing, please provide your name and e-mail:

Last Name: First Name:

E-mail:

Three lucky winners will be contacted at the enthisf study (September 30, 2010).

Please mail this survey immediately using the sedfddressed return envelope provided.

Mailing address:  Mohammed Raja
909 Georgetown Street

Clemson, SC 29631
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APPENDIX D

Correlation analyses for all items

Correlations
MMS ISA ISB T R PCTRL | PCOMP Gl PHYC SC JSAT JS EPERF
MMS 1.00
ISA 0.50 1.00
ISB 0.41 0.42 1.00
T 0.48 0.59 0.55 1.00
R 0.43 0.49 0.51 0.38 | 1.00
PCTRL 0.52 0.61 0.61 0.66 | 0.58 1.00
PCOMP 0.32 0.44 | 0.55 0.47 | 0.42 0.53 1.00
Gl 0.52 0.52 0.54 | 0.56 | 0.54 | 0.62 0.41 1.00
PHYC 0.32 0.30 | 0.23 0.35 | 0.36 | 0.32 0.27 0.36 1.00
e 0.43 0.33 0.53 0.39 | 0.42 0.40 0.35 0.52 0.28 1.00
JSAT 0.37 0.35 0.59 | 0.48 | 0.58 0.53 0.39 0.58 0.35 0.51 1.00
1S 0.24 0.17 0.18 | 0.32 | 0.28 0.30 0.15 0.23 0.14 0.18 0.35 1.00
EPERF 0.77 0.43 0.43 0.50 | 0.47 0.54 0.39 0.55 0.40 0.45 0.40 0.24 1.00
MMS TP SP QWL EP
MMS 1.00
TP 0.27 1.00
SP 0.54 | 0.69 | 1.00
QWL 0.24 | 0.54 | 0.08 1.00
EP 0.74 | 0.38 | 0.43 | 0.30 1.00
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Descriptive Statistics

APPENDIX E

Univariate descriptive statistics

N Minimum|Maximum| Mean |Std. Deviation - skewness - ,KUHOSIS
Statistic  [Std. Error |Statistic [Std. Error
MMS2 200 1 7.00 5.43 1.32 -1.34 0.17 1.69 0.34
MMS3 200 1 7.00 5.41 1.38 -1.09 0.17 0.87 0.34
MMS4 200 1 7.00 5.44 1.38 -1.27 0.17 1.17 0.34
I1S1 200 1 7.42 6.09 0.98 -2.05 0.17 6.58 0.34
1S4 200 1 7.00 5.83 1.25 -1.83 0.17 3.93 0.34
IS5 200 3 7.00 5.52 0.97 -0.68 0.17 0.37 0.34
I1S6 200 2 8.15 5.54 1.05 -0.80 0.17 0.83 0.34
R3 200 1 7.00 4.71 1.56 -0.63 0.17 -0.53 0.34
R5 200 1 7.00 4.31 1.57 -0.38 0.17 -0.85 0.34
T1 200 1 7.00 5.59 1.21 -1.45 0.17 2.70 0.34
T4 200 1 7.00 5.15 1.29 -0.89 0.17 0.55 0.34
T5 200 1 7.00 5.33 1.33 -1.18 0.17 1.21 0.34
PCTRL1 200 1 7.00 5.41 1.01 -1.13 0.17 2.34 0.34
PCTRL2 200 1 7.18 5.24 1.10 -1.08 0.17 2.01 0.34
PCTRL3 200 2 7.00 5.54 1.03 -1.04 0.17 1.33 0.34
PCTRL4 200 1 7.68 5.36 1.15 -1.29 0.17 2.34 0.34
PC1 200 3 7.00 5.96 0.77 -0.46 0.17 0.29 0.34
PC2 200 2 7.00 5.96 0.81 -0.72 0.17 1.76 0.34
PC3 200 2 7.52 6.09 0.89 -0.98 0.17 1.70 0.34
Gl1l 200 2 7.00 5.55 1.09 -0.69 0.17 0.48 0.34
Gl2 200 3 7.22 5.48 0.97 -0.27 0.17 -0.30 0.34
GI3 200 1 7.00 5.18 1.16 -0.47 0.17 0.29 0.34
Gl4 200 3 7.24 5.80 0.98 -0.45 0.17 -0.49 0.34
TI1 200 2 7.00 5.68 1.13 -1.21 0.17 1.63 0.34
TI2 200 2 7.00 5.83 1.10 -1.20 0.17 1.51 0.34
T4 200 3 7.32 5.60 1.04 -0.83 0.17 0.53 0.34
PHYC4 200 1 7.00 5.47 1.35 -1.15 0.17 0.78 0.34
PHYC5 200 1 7.00 5.55 1.25 -1.10 0.17 0.92 0.34
SC1 200 3 7.00 5.61 0.92 -0.76 0.17 1.04 0.34
SC4 200 2 7.00 5.74 0.92 -0.88 0.17 1.50 0.34
SC5 200 2 7.00 5.91 0.92 -1.05 0.17 1.80 0.34
JSAT1 200 1 7.00 4.92 1.26 -0.63 0.17 0.20 0.34
JSAT3 200 1 7.00 5.07 1.13 -1.11 0.17 1.76 0.34
JS1 200 1 7.00 4.46 1.67 -0.55 0.17 -0.66 0.34
JS2 200 1 7.00 5.06 1.58 -1.04 0.17 0.53 0.34
JS3 200 1 7.00 5.49 1.34 -1.13 0.17 1.21 0.34
JS4 200 1 7.00 4.36 2.06 -0.22 0.17 -1.40 0.34
JS5 200 1 7.00 3.98 1.84 -0.07 0.17 -1.18 0.34
LP1 200 1 7.00 5.14 1.41 -1.19 0.17 1.29 0.34
LP2 200 1 7.00 5.18 1.43 -1.02 0.17 0.66 0.34
Mv1 200 1 7.00 5.97 1.15 -1.50 0.17 3.04 0.34
MV2 200 1 7.00 5.91 1.30 -1.68 0.17 3.34 0.34
MV 3 200 1 7.00 5.69 1.34 -1.24 0.17 1.52 0.34
EP1 200 2 7.00 5.59 1.10 -0.79 0.17 0.64 0.34
EP4 200 1 7.00 5.76 1.09 -1.18 0.17 1.97 0.34
EP5 200 2 7.00 5.58 1.00 -1.03 0.17 1.81 0.34
EP6 200 1 7.00 5.56 1.11 -0.93 0.17 1.23 0.34
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