A CONTINGENCY THEORY APPROACH TO THE DEPLOYMENT OF LEAN
PRINCIPLES: THE CASE OF ADVANCED RESEARCH AND COMP LEX
PRODUCT DEVELOPMENT ENVIRONMENTS

by

Katrina M. Appell

A dissertation submitted in partial fulfillment
of the requirements for the degree of
Doctor of Philosophy
(Industrial and Operations Engineering)
in The University of Michigan
2011

Doctoral Committee:

Professor Jeffrey K. Liker, Chair

Professor Lawrence M. Seiford

Associate Professor Young K. Ro, University of Mgan - Dearborn
James M. Morgan, Ford Motor Company



© Katrina M. Appell 2011



DEDICATION

To my family, without whose support this would maive been possible.



ACKNOWLEDGEMENTS

My graduate school experience provided me withaaxttinary opportunities to learn and
develop, both professionally and personally. | hiageefited from the support of family,
friends, colleagues, and mentors to enable me tertee most out of this chapter of my

life, which has truly been appreciated.

| will forever be indebted to Jeff Liker. You credtthe opportunity for this research to
exist by introducing me to both of the case stutyanizations and by imparting your
knowledge to me. Thank you for your support anceaesh guidance throughout my
doctoral program. | am grateful to you for the ogpoities you have previously and

continue to provide me.

| would especially like to thank Jim Morgan. Eantymy studies your work helped form
the basis of my understanding of lean product agreent. And later the opportunity to
bounce ideas off of and discuss my research witmesoe with your product

development experience, both as a researcher antitijpner, was invaluable.

Thank you to Larry Seiford. Your willingness to megiscuss, and provide advice about

any issue or concern will forever be appreciated.

Thank you to Young Ro for your encouragement aedlfiack on my research as well as

the career advice.

| would like to thank all of the employees thatntarfaced with at both case study

organizations for your time and willingness to cdnite to this research.



TABLE OF CONTENTS

3= 1 2N I [ N UUUPPPPPR i
ACKNOWLEDGEMENTS ..ottt iii
LIST OF TABLES ...ttt sttt ettt e e e e e e e e e e e e e s e e e e e e e e e e as vii
Y = 1S Y ¥ AN O P PRPPP viii
Chapter 1A Contingency Theory Approach to the Deployment.eén Principles: The
Case of Advanced Research and Complex Product @@weint Environments.............. 1
Yoo [ o i o] o PP PPTPPPPPPRPR 1
Complexity of the Product Development ENVIrONMENt...........ccceeeiiieeeeeeeeeeeeneee, 4
RESEArCh ODJECHIVES .....uieiiiiiie s 6
RETEIENCES ... ettt a e e e e e e e e e e e e e e e e e e e e e aeeeeeeaaneee 9

Chapter 2Lean Product Development: A Comparative Case Amalyf Rational

Planning and Disciplined Problem Solving Approaches............ccccvvviiiviiiiiinneennn. 11
INEFOAUCTION ...t e e e e e e e e e e e e e e e e e e e e 11
RESEArC ODJECHIVES .....ceeeeiiieeci e 12
TheoretiCal DISCUSSION .........cooiiiiiiiiiiiiir et 13

Lean Product DeVelOpMENT ......... e 13
Lean DePlOYMENT ........ueeieieee e s 15
Research Setting & Methodology ............ oo eeernmmiiianiiee e eeceeeeiviieeeeaeeees 19
Case Selection and OVEIVIEW ..........oooi et 19
Data CoOllECHION ..ottt e r e e e e e s 21
(@ 1Y D =1 o ] 0 1[0 o SRS 21



Case Study 1: Consumer Goods Deploys Lean Entefdfide ...........ccccceeeeeeennnn. 21
Case Study 2: Turbine Gen’s Model Line Deployment...........cccccceeeiiiiiiieeeeeennn. 26
(08 Y Y g = 1S 1T 30
Case Study 1: A Rational Planning Approach ...........ccooeviiiiiiiiiiiieeeeeeee, 30
Case Study 2: A Disciplined Problem Solving AppIoac...........oooeeeeeevieveeeiiinnnnnes 33
DISCUSSION ..ottt e e e e ettt ettt e ettt e e e e e e e e e e e e e aaaaeeeeaeeaeeeeearrnnnnns 36
RETEIEINCES ... ettt ettt e e e e e e e e e e e e s s et et et e e e e e e e e e e e s 40

Chapter 3 Facilitating Cross-Functional Teamwark_ean Product Development: The

Role ofObeya and Value Stream MappPing ..........uuu e eeeeeeerrnnennnnnaeneeeeeeeeeeeeees 42
L g0To (3 ox 1 o] o ISR 42
RESEAICN ODJECHIVES .....ceeiiieiiie e s 43
Research MethodOlOgY ..........uuuuueuii o ettt e e e e e e e e e e e e e e e eeeesreeenneeeeennnnn 44
TheoretiCal DISCUSSION .........uuutiiiiiiiiiieteeee e e e e e e e e e e e e eaaeebneeeees 44

Complexity of the Product Development CONEXT mmm..vrrreeiiieeiieeeeeeeeeeeeeieiiiinnens 44
Lean Product Development as an Approach to Soo@lT@chnical Integration.... 51
Lean Deployment PEersSpeCLIVES ..........coiiiceeeeemiuiiiiiiiee et e 59
Case BaCKgrOUNG ......coooiiii ettt 60
(@ 1Y =1 o ] 0 1[0 o RSP 62
Value Stream Mapping: Initial Team Creation of Breject Plan ..............cccc........ 62
Obeya: Effective ProjeCt EXECULION ..........cuuuuuiiriiiiiiieiee e 63
ODEYA: PRASE L ...ttt n e e 66
(@] 012 V7= Wl o 0 T= 1T RSP 68
(@] 012 V7= Wl o F= 1T P 69
(O 1Y N = 1Y 1 70
Achievement Of INtEGratioN ................. e eeeereeniirri e e e e e e e e e eeeeeeeeeeeennneeeene 70
Lean Deployment: Enabling Problem SoOIVING .. oo 17
DISCUSSION ..ttt oo e e et ettt et e ettt bbb e e e e e e e e e e e e e aaaaaeeaaeeeeeeeeeernnnnes 72
RETEIENCES ...t ettt e e e e e e e e e e e e e e e aeeeeaaeeeeeeeeeeennnes 75



Chapter 4The Technical System of Lean: How Standardizatian Support Problem

Solving and People Development in Complex Prodwstdlbpment ...............cccoevvvvnnnes 78
INEFOAUCTION ...ttt e e e e e e e e e e e e e e e e e e e 78
RESEAIC ODJECHIVES ....cceiiiiiieee s 81
TheoretiCal DISCUSSION ........uiiiiiiiiiiiie e e et rmne e 82

L BN Lt ————— e 82
Coercive versus Enabling BUrEauUCIaCY ..... . ummmmm«sseeeeeeeeeeeeeeereeereennnnnnnnnnnn 85
Research Setting & MethodolOgy ..............oummmmeeernrmiiiiisieeeeeeeeeeeeeeeeeeernenennnanene 87
Case Selection and OVEIVIEW ..........cooi i 87
Data CoOllECHION ......ooiiii it eeeemr e e e e e e 88
CASE STUAIES ...ttt cmme ettt et et e e e e e e e e e e e e s s s e et e e e e e e e e e e e s 88
Case Study 1: Consumer Goods Standardization Effort..........c..cccooeevvviiiennen. 88
Case Study 2: Turbine Gen Standardization EffartS............ccccovvvvvvviiiiiinciennn. 95
DISCUSSION ...ttt ettt ettt m e e e e e e e et e e e e e e e e e e e s s s e e e e e e annnes 97
The Bureaucracy of Consumer Goods: Coercive amitfiabling? ...........ccccceeeennn. 98
A Comparison of Bureaucracies: Consumer Goods amblife Gen ..................... 99
CONCIUSION ...t ettt e e e e e e e e e e e e e s s s e e e e e e e e aeeeens 100
REIEIEINCES ... ettt e e e e e e e e e e s e e e e e e e e e eeeas 101

Chapter 5 CONCIUSION.......uuuiiiiiie et e e e e e e e e e e e eeeeeeeeeeeeeennene 104
SummMary Of FINAINGS ....ccooi i e e e e e e e e e e e e e saernnneeeeenenne 104
FULUIE RESEAICH ..o 105
REIEIENCES ... ettt e e e e e e e e e e s e e e e e e e e eeeas 107

Vi



LIST OF TABLES

Table 1.1 Comparison of Environments: Manufacturiagd Complex Product
[TV (o o 1 1T | USSR 5
Table 2.1 Comparison of Enterprise Wide Tool Ba&edodel Line Value Stream Map
DeploymMENt APPIOACNES. ... oot it ettt r e e e e e e e e e e e aaaeaeaaaeeeees 36
Table 3.1 Approaches to Achieve INtegration ...........ccooeeeiiiieiiiiiiiieieiiie 58
Table 4.1 Interdependence Matched with the Appabderiean Coordination Mechanism

Vil



ABSTRACT

The introduction of lean principles is a common rapgph for organizations seeking to
improve quality, lower cost, and shorten time takeét Many companies have applied
lean to manufacturing, but a smaller number haweudint it upstream to product
development. This research focuses on how orgaémizacan begin the transformation

to lean product development through three essays.

The first study is a comparative case analysis @img@ approaches based on “rational
planning” and “disciplined problem solving” to idéy their relative advantages and
disadvantages and organizational characteristasahable successful deployment. The
comparison shows that in the case of non-routioegsses like product development the
disciplined problem solving approach is more effest while the rational planning

approach can be effective for highly routine aspetthe job.

The second study is an in-depth case study of raduevstream mapping amteya, two

common lean product development tools, if used gngp can help cross-functional
development teams achieve coordination and integraas well as team member
engagement. This facilitates the learning of leanaasocio-technical system with a
culture of problem solving and people developmbrdugh the effective development of

a product.
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The third study looks at how standardization canuled to establish an enabling
bureaucracy with structures and standards effdgtigapporting people’s work. A

common misunderstanding is that standardizatida &reativity. It can be used to create
predictability while maintaining flexibility and abling innovation. Coercive

bureaucracies result when formalization is usedotairol employees or when there is a
misalignment between task requirements and thelatda and/or organizational design.
Having the people doing the work develop, maintaoitinuously improve, and adapt

the standards is an effective way to create anliegdbureaucracy.

The insights from this study help to understand dhallenges of lean deployment and
characteristics that enable success in lean tranatons. This can serve as an example

to aid in the transformation to lean systems ineotlcomplex environments.



Chapter 1
A Contingency Theory Approach to the Deployment of.ean Principles: The Case of

Advanced Research and Complex Product Developmennkironments

Introduction

The development of new products is critical to $bhecess of many companies. Increases
in global competition, demanding customers seekimghe products, and rapid
technology developments has changed the competdivéscape in several industries
(Wheelwright and Clark 1992). In some industri@spioving quality, lowering cost, and
shortening lead time from concept to market whigeedoping innovative products to
meet customer needs is necessary to remain comgtih other industries these
gualities can provide the company a competitiveaathge. One approach to achieving
these goals is through the introduction of leam@ples in product development
(Wheelwright and Clark 1992; Morgan and Liker 20@&rrett, Musso et al. 2009;
Morgan and Liker 2011).

Introducing lean principles into product developtes a common approach for
companies that have had success with lean mantfegtrhis is a logical step as the
magnitude of the costs and cycle time of developmerjects provides a rich target for
improvement opportunities. Additionally, it can eteaa higher level of performance in
manufacturing by ensuring that products are desigoe optimal manufacturing. And
lastly, it is a step towards achieving a holiséiari enterprise. Expanding lean thinking to
product development is recommendedTime Machine that Changed the World, the
original work which coined the term “lean.” This woemphasized the need to take a
holistic view and focus on the lean enterpri¥he Machine that Changed the World
describes a system utilizing half the human efilorthe factory, half the manufacturing



space, half the tooling investment, and half thgireering hours to develop products in
half the time of mass production. However, littteeation has been given to the chapter

on product development (Womack, Jones et al. 1990).

Prior to deploying lean product development, orgations should first define what lean
product development is and ensure that the perddigaefits match the objectives of the
effort. How the organization defines and understatehn product development will

impact the approach taken towards deployment. Taeranany existing interpretations

of lean product development, which can generallgdiegorized into two philosophies:

1. Lean product development is a development systeereviean manufacturing
tools are adapted to the product development emviemt. (Reinertsen 1997;
Smith and Reinertsen 1998; Reinertsen 1999; Remer2005; Smith 2007,
Reinertsen 2009)

2. Lean product development is a development systetelad after principles of
Toyota’s product development system. (Ward, Likerle 1995; Sobek 1997,
Sobek, Liker et al. 1998; Sobek, Ward et al. 1998yrgan 2002; Morgan and
Liker 2006; Ward 2007)

Additionally, based on the viewpoint that lean isacio-technical system that enables
people to solve problems and continuously impravkef 2004; Rother 2010; Liker and
Rother 2011; Liker and Franz 2011), a third phifggpis presented:

3. Lean product development is a development systesigiled to enable people

development, problem solving, and organizationaifang.

These categorizations of lean product developmennhat mutually exclusive and rather
reflect different understandings of lean and theulteng applications within product
development. A development system that enablesl@egyelopment, problem solving,
and organizational learning is very likely to ind&ucharacteristics similar to those seen

at Toyota and/or lean manufacturing tools adaptedtite product development



environment. Similarly, lean manufacturing toolsapiéd to product development
environments may enable people development, proldeiving, and organizational

learning. These three philosophies are unique pgores of the nature of lean product
development and the perception will impact the apph taken towards deployment and
the results achieved. Furthermore, the goal of ywbdevelopment is to create usable
knowledge for the creation of profitable value atns (Ward 2007), which can be
achieved through the development of products thatoemers value and are willing to
pay for.

As practitioners have seen improvements through uke of the technical lean
manufacturing tools derived from the Toyota ProolucSystem, it is natural to postulate
that the use of the same tools could lead to imgr@nts in product development. An
example would be the use of value stream mappirdetime the value added activities
and waste within the product development valueastreStandardization can then be used
to improve the value added tasks while eliminatwagteful activities. Another example
would be the use of visual management to highldgwiations from plans, which allows

problems to be easily identified.

Given that Toyota invented TPS, the model for leand is exceptional in the auto
industry at product development, another approadtefining lean product development
is to study how Toyota approaches product developnWith this approach, the Toyota
Product Development System is to lean product dgveént what the Toyota Production
System is to lean manufacturing. Several acadetmniies have been conducted to define
the Toyota Product Development System, resultingairmodel of an integrated
development system with key principles in processple, and tools subsystems (Ward,
Liker et al. 1995; Sobek 1997; Sobek, Liker etl898; Sobek, Ward et al. 1999; Morgan
2002; Morgan and Liker 2006). The use of valueastrenapping and standardization are
both key principles within the process subsysterfindd by Morgan. In relation to
standardization he emphasized standardizing loexatltasks to create higher-level
system flexibility. Visual management is part bettools subsystem and is used to

achieve alignment throughout the organization @aor2002).



The Toyota Production System and the Toyota Proddetelopment System are
organizational systems reflecting a deeper philogdmown as the Toyota Way. The
Toyota Way is characterized by Liker (2004) astao§&4 principles categorized into the
4P model of philosophy, process, people, and pmobs®lving. The foundational
“philosophy” focuses on long term thinking; “proséss the way the work gets done and
ideally should be free of waste; “people” emphasitat developing people and partners
adds value to the organization; and “problem sgf¥/focuses on a systematic method for
continuous improvement. Most organizations’ underding of lean is primarily at the
process level focusing on the technical systemgLiR004). This consists of the lean
tools that are countermeasures developed by Tdgosmlve their unique problems as
they have made their lean journey (Spear and Bal@®9; Liker 2004). Using the 4P
model framework what you see in the Toyota Productystem and Toyota Product
Development System are the developed organizatstnatture and culture that enable
people development and problem solving within thei@nmental contexts that Toyota
operates. Under this view, tools are used to matelgms visible, enable people to solve
them, and capture what is learned throughout tigarozation. Value stream mapping
and visual management are used to recognize preblsmthat they can be solved.
Standardization is used as the foundation of cantis improvement and to support

organizational learning.

Complexity of the Product Development Environment

Prior to implementing lean, it is important for argzations to understand the

environmental context in which they are operati@gntingency theory is based on the
assumption that there is no one right way for ajaoization to be organized and that not
every method of organizing will be equally effeetigGalbraith 1973). For organizations
to be most effective, they should be designed saitial and technical subsystems fitting
the needs of one another, the organization’s perpasd the external environment
(Pasmore, Francis et al. 1982). To achieve thdsgmiaa lean organization to solve

problems and develop people, the “right” tools amganizational design for enabling



people development and problem solving that “fiithathe environment need to exist or

be created.

Complex product development is described in comparito manufacturing because
manufacturing is the best known environmental codntéor lean deployment.
Understanding the differences between these ermigots will help to understand what
aspects of lean manufacturing may be applicableao product development and what
aspects need to differ to ensure a fit with theiremment. It should be noted that
manufacturing and product development environmamnés not in reality two discrete
entities but rather vary on a continuum from roeitimidget production to fundamental
research. The two environments discussed here @eetd points used only for
comparative purposes. Within industry, there amesonanufacturing environments that
have characteristics closer to what is depicted hsrcomplex product development and
some product development environments that woulanbee closely reflected by the

manufacturing description.

Table 1.1: Comparison of Environments: Manufacturing and Complex Product
Development

Manufacturing Complex Product Development
Repetitive production. Every project is unique.
Cycle time measured in seconds, minutes. Cycle tm@asured in weeks, months, years.

Lower levels of differentiation with most High levels of differentiation leading to
workers from the same region and similar | communication breakdowns across a diverse
technical depth levels (within a plant). group with regional and technical depth
differences.

Sequential interdependence within a function. Recial interdependence across functiors.

Line workers usually working together on theTechnical specialists working semi-

same unit. autonomously for a group goal.
Tasks and expected durations are clearly | High degree of ambiguity for the task at hand.
defined (cycle time 45 seconds). What is / are the task(s) to be done?

Finite value added tasks. Focus on eliminatir@bjective is value creation. Focus on enabling
waste to increase the ratio of value added tjmelue creation in addition to eliminating waste

/ total time. to increase the ratio of value added time / tptal
time.

Knowledge created not usually incorporated Knowledge generated might change the neixt

into the work for that unit. step.

Opportunities are usually related to Opportunities are usually related to achieving

eliminating waste in processes (barriers to | integration / alignment (barriers to effective

effective problem solving). problem solving).




Research Objectives

As organizations seek to implement lean producelb@ment, the approach taken will
vary since every organization is unique and wilgibetheir lean journey at different
points based on their history, culture, internal &xternal environments, perception of
lean, and objective for the effort (Liker and MeR006; Liker and Franz 2011). This

provides motivation for the following research attjees:

1. Better understand the opportunities, challenges,nagthodologies by which lean
principles and philosophies can be applied in cempbroduct development
environments.

2. Determine advantages and disadvantages of appsodohéean methodology
deployments in complex product development enviremis

3. ldentify organizational characteristics that enaflecessful deployment of lean

methodology in complex product development envirents.

Chapter 2 addresses these objectives through a aratiye case study of two

organizations in the early stages of lean produetetbpment deployment. One
organization began their deployment efforts by &meg on technical changes to the
process that could be leveraged across the ordgemzavhereas the other organization’s
initial efforts focused on supporting people to keaffectively and to develop a lean
culture within individual projects. The cases arempared across the identified
characteristics for successful lean implementatiohsachieving stability, length of

problem solving cycles, and achieving coordinateom integration as well as breadth

and depth of deployment.

In complex environments, such as product developnwere of the biggest inhibitors to
quick and effective problem solving is ineffectigeordination and integration across
functions. Using mechanisms that achieve effectiverdination and integration while
supporting people to solve problems can facilitéie transformation to a lean culture

(Shook 2010). How complex organizations that dgvetomplex products integrate



across functions to efficiently and effectively qaete product development programs
using some of the most commonly used lean prodegeldpment tools leads to the

following research questions:

1. How can lean tools, specifically value stream magndobeya, act as enablers
to transform R&D organizations so they can morecigitly and effectively
introduce new products?

2. What are organizational characteristics that ensibbeessful use of these tools to

begin the process of a cultural transformation ligaa enterprise?

Chapter 3 addresses these research questions lthaoug depth case study of how one
organization used value stream mapping abela to effectively achieve coordination
and integration within one product developmentgebjvhile introducing lean principles.
The use of lean tools in a manner that resulteteam member engagement while
supporting the work effectively and efficiently dated problem solving and started the
process of embedding a lean culture.

Prior to using lean tools, the intent behind th@ldshould be understood and align with
the purpose of the effort. The use of lean tooldt tton't fit with the environment or
support the intended purpose can result in thetioreaf a coercive bureaucracy, which
uses rules, procedures, and structures to contnployees (Adler and Borys 1996).
Whereas the use of tools in a manner that suppedple to identify and solve problems
can result in an enabling bureaucracy, which uséssy procedures, and structures to
support the work of employees (Adler and Borys 39@khe of the most commonly used
lean tools is standardization, which has many paepoincluding enabling problem
solving, establishing stability for a foundation fntinuous improvement, and enabling
integration. The approach towards standardizatiwh the contextual fit to support the
purpose of standardization can result in the establent of coercive or enabling
bureaucracies. The following research questionk seaddress how standardization can
be used to support lean principles in complex pcodievelopment and advanced

research environments:



1. How can standardization simultaneously be usedreéate predictability while
enabling innovation?

2. How can standardization be used as a mechanisnthieve integration and
coordination?
How can standardization support problem solving?

How can standardization enable organizational lagfh

Chapter 4 addresses these research questions lggiagdow standardization was used
within two organizations in the early stages ofnlgaoduct development deployment.
These examples of standardization are analyzedeffectiveness with regards to the
purpose for which the standardization was used.tiénehe standardization was used in
coercive or enabling ways was also determined aleitlg the resulting effectiveness.

This leads to an understanding of ways in whiclndaedization can be used to support

lean principles through supporting problem sohamgl people development.

Taken together these papers provide deeper insighhow to deploy lean in complex
research and development, as well as the role ah lenethodologies in the

transformation.
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Chapter 2
Lean Product Development: A Comparative Case Analys of Rational Planning

and Disciplined Problem Solving Approaches

Introduction

Companies frequently develop new products to craatempetitive advantage. This has
become more critical as global competition increasemanding customers seek niche
products, and technology developments occur rapiieelwright and Clark 1992).
Lean principles can be introduced to shorten thd teme from concept to market while
developing innovative products to meet customerdsewith improved quality and
lowered cost (Wheelwright and Clark 1992; Morgan &rker 2006; Barrett, Musso et
al. 2009; Morgan and Liker 2011). The approach rnakewards introducing lean
principles serves as a model for how product dgareknt and problem solving should be

conducted within an organization.

Prior to attempting the transformation to lean piicdevelopment, organizations should
first have an understanding of what lean producteligpment is to ensure that the
benefits will align with their objective. Withoubmmitted leadership who understands
what it is and believes it will deliver benefitgah programs will likely fail (Liker and
Franz 2011). Additionally, the approach to lean REeds to be tailored as every
organization is unique and will begin their leanrjeeys at different points based on their
history, culture, and internal and external envinents resulting in different approaches
to deployment (Liker and Meier 2006; Liker and ra911).

This study seeks to gain insight into advantaged disadvantages of different
deployment approaches. This is examined througloraparative case study of two

11



organizations beginning the process of lean tranmsition within product development
(Eisenhardt 1989; Yin 2003). One organization beg¢fagir deployment efforts by
focusing on technical changes to the process tbhatdcbe leveraged across the
organization, whereas the other organization’siahiefforts focused on supporting

people to work effectively and develop a lean aeltwithin individual “model” projects.

Research Objectives

Though there has been extensive research into stadding and defining lean product
development systems (Ward, Liker et al. 1995; Saol@%7; Sobek, Liker et al. 1998;
Sobek, Ward et al. 1999; Morgan 2002; Morgan arei.P006; Ward 2007) there has
been limited investigation into how organizationanctransform to lean product
development systems (Baker 2011; Morgan and Lik&t1® Experts in this field

emphasize that lean is a way of thinking and aucallttransformation, not a toolkit
(Womack and Jones 2003; Liker 2004; Morgan and rL#@06; Ward 2007; Liker and

Hoseus 2008; Liker and Franz 2011; Morgan and L#&1). This study analyzes two
approaches to lean product development deploymemtparing and contrasting the
methods used (Eisenhardt 1989; Yin 2003). Thisarebeaims to:

1. Better understand the opportunities, challenges,nagthodologies by which lean
principles and philosophies can be applied in cempgbroduct development
environments.

2. Determine advantages and disadvantages of appsaohéean methodology
deployments in complex product development enviremis

3. ldentify organizational characteristics that enaflecessful deployment of lean

methodology in complex product development envirents.
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Theoretical Discussion

Lean Product Development

Lean product development is a development systesigued to enable people
development, problem solving, and organizationatrigng enabling the organization to
achieve its purpose. Lean systems seek to havdeprshdentified as soon as possible
(Liker 2004) and solved by the people closest ®globlem since they have the most
thorough understanding of the issues (Spear andeBal®99). This includes making
everyone responsible and accountable for solvinglpms, while ensuring that they are
given the resources and support needed to dojtiesrsuccessfully (Shook 2008; Shook
2010). The role of lean tools is to make problenssbie, enable people to solve them,
and capture what is learned throughout the orgtaizgLiker 2004). Lean product
development can be modeled as a socio-technicakemyswhich recognizes the
interdependencies and influences between the seaidl technical systems of the
organization (Pasmore, Francis et al. 1982; Mortf281/7). For organizations to be most
effective, they should be designed with social teuhnical subsystems fitting the needs

of one another and the organization’s purpose (Besrfrancis et al. 1982).

An example of an integrated socio-technical prodietelopment system that enables
people development, problem solving, and orgardmati learning is Toyota’s product
development system. This is described by MorganLaket as thirteen principles within
three integrated subsystems that are: processlegyewmpl tools (Morgan and Liker 2006).
Though Toyota’s product development system hasvedosince the development of this
model the lean product development principles aoad enough to still be valid and to

be applied in other development environments (Momyad Liker 2011).

The process subsystem refers to all of the taskdatkto bring a product from concept to
the start of production (Morgan and Liker 2006)sKscan be categorized as value added
or non-value added, from the customer perspectitte von-value added tasks (waste) to

be eliminated as much as possible (Womack and R0@3, Morgan and Liker 2006).
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Value within product development is achieved thiotite creation of usable knowledge
leading to profitable value streams (Ward 2007an8ardization of tasks is used to
reduce variation resulting in predictable outcormgsvell as the flexibility to be creative
within clear boundaries (Sobek, Liker et al. 19%8organ and Liker 2006). The
sequencing of tasks is also used to front-load ptueess for greater exploration of
solutions in the design space (Ward, Liker et 885t Sobek, Ward et al. 1999; Morgan
and Liker 2006) and to level the flow of work withand across projects (Cusumano and
Nobeoka 1998; Morgan and Liker 2006).

The people subsystem refers to the organizationialire including the organizational
structure, leadership styles, learning patterng] #me development of employees
(Morgan and Liker 2006). The organizational stroetiand culture should enable
problem solving, people development and continuoyszovement (Liker 2004; Liker
and Hoseus 2008; Spear 2009; Rother 2010; LikerFaadz 2011). One organizational
design that can encourage this is a matrix org#oizavith strong functional specialists
on one axis and a powerful and exceptional chigireer to ensure that development is
integrated across functions throughout the pro¢esbkek, Liker et al. 1998; Morgan and
Liker 2006).

The tools subsystem consists of the tools and tdobies used to support the
development process (Morgan and Liker 2006). Tinctudes the use of simple, visual
communication to achieve alignment throughout thganoization (Morgan and Liker
2006). An example of a tool to support the develepirprocess isbeya (literally “big
room”), which was first used in the developmentlef Prius at Toyota (ltazaki 1999). It
is a process of having a cross-functional teamxpegs coordinating development work
in a room with relevant information posted on thall&« The obeya is effective at
integrating product development while enabling fasd accurate decision making,
improving communication, and maintaining alignmexdross functions. Thebeya
allows for quicker decision making and conflictokegion as all of the key people are
gathered together and working from the same inftiondo solve cross-functional issues
(Liker 2004).
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Lean Deployment

Lean is a highly integrated complex system thatnoare deployed all at once, with
some pieces easier to implement than others. Erermany existing strategies for where
to begin deployment with advantages and disadvastag different approaches (Liker
and Meier 2006; Liker and Franz 2011). For succgsiployment, it needs to be broken
up into smaller steps to be practical, but with theginning phases supporting the
integrated system. Though some gains can be achidgweugh the use of isolated
technical tools as solutions to particular issutewjll not lead to a transformation into a
sustainable learning organization without integmativith the whole system (Karlsson
and Ahlstrom 1996).

Lean Deployment: Key Characteristics

A key lean tenet is that there is no one right wago something and that the approach
taken should be dependent on the particular canEngaging in a continuous learning
process is more important to lean deployment timaplementing the right tool. Since
every organization is different there can be no wmeersal road map for becoming lean
(Liker and Meier 2006). Nonetheless there are kiibates that should be achieved and
some logical sequencing of steps. In order to eraatulture of continuous improvement
basic process stability should first be achievedingaachieving stability an important
first step in lean deployment efforts. Focusingstaility ensures a consistent level of
capability to produce consistent results to cred@undation for improvement (Liker and
Meier 2006). Once foundational stability has beemieved efforts can focus on
establishing a culture of problem solving and awndus improvement by providing
people with the tools and resources needed to ifgdeswtd solve problems. Defining
appropriate behavior, providing training to suppbe behavior, and creating a support
system to reinforce the behavior can be an effeatiethod to change the culture of an
organization (Shook 2010). Creating a system tigttlights problems, makes solving

problems without placing blame an essential parthef job, and creates a support
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structure that enables people to do their jobsessfally can facilitate the adoption of a

lean system and culture (Shook 2010).

Deploying Lean in Product Development

Though there are few documented examples of sudat@sssformations to lean product
development those that do exist maintain the sasnesfon establishing stability and
enabling problem solving and continuous improvemast seen in successful lean
manufacturing transformations. For example ChaBaker of “North American Auto
Supplier” (former Honda executive) views a leannsfarmation as a process of
transforming people and developing a problem sghaulture. This was achieved using
the plan, do, check, adjust (PDCA) problem solvimgthodology, formalized through A3
reporting, to bring stability to the product dev@ieent process and to enable other lean
tools to be used at “North American Auto Suppli@aker 2011).

The obeya has been used effectively in successful lean mtodievelopment
deployments. It has been used to allow cross-fonati teams to work together
effectively in the same room with key data disptaygsually on the walls and through
weekly meetings creating a cadence to the prodexatldpment process and enabling real
time problem solving to occur (Baker 2011; Morgamd aLiker 2011). The cross-
functional development of schedules and plans tiitrabheobeya drives cross-functional
teamwork, empowers teams, and enables the plap #xécuted through PDCA loops.
PDCA loops facilitate real time problem solving address gaps between actual and
target conditions. Participants in tbleeya have instant visibility to details, commitments
made, and task dependency as all key informatigpossed (Baker 2011). Additionally,
putting the responsible party’s name next to cotigledates drives accountability as it
is evident if the work was not completed in thddeing meeting (Morgan and Liker
2011).

At Ford Motor Company the development of the glopedduct development system
(GPDS) was used to represent and communicate Hiweeddean processes and behavior.
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The process began with a clear vision, followedlmpnceptual design, and then detailed
designs within work streams. Pilot programs wereduso refine the approach and
methods. This process was led through the use obeya with each work stream having
a leader that owned a section of the wall to disfh@ir activities visually. Current state
maps as well as future state maps, based on Mamta, developed. Each work stream
team also developed detailed development timekmeksidentified gaps in productivity,
lead time, and quality along with detailed plansidentify enablers to close the gaps
using A3 reporting. The visual nature of thiseya allowed people to walk the walls of
the room and understand the status of the protessaided in gathering support for the
initiatives and the spreading obeya since people saw value in its use (Morgan and
Liker 2011).

Mechanistic versus Organic Strategies for Lean Deployment

There are several strategies that can be usedarteform to lean and the appropriate
strategy is highly dependent upon the environmewtaitext and culture of the

organization (Liker and Meier 2006; Liker and Fr&2x11). Two commonly used and
contrasting approaches to the beginning stagesepfogment are mechanistic and
organic (Kucner 2008; Liker and Franz 2011). Mecstamdeployments achieve a broad
and shallow implementation utilizing an infrastuet to deploy across the organization.
Organic deployments facilitate a narrow and degpllef understanding with the ability

to learn and adapt in an uncertain environment (@€uc2008). While these two

approaches are starting points, successful tranastins typically achieve a balance
between mechanistic and organic approaches in ssdges of deployment (Liker and
Franz 2011).

Similarly, with the end goal of an integrated set@ohnical system of process, people,
and tools changes may begin in any of the subsystieut for successful transformations
changes will need to eventually occur in every gatesn. A common theme across lean
deployments is starting with technical changesmarily at the process level (Liker

2004). If the technical changes are designed wibhking level people and managers
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taking responsibility for the changes so they lesrihe project is carried out it can lead
to a lean transformation (Nadler and Tushman 1986rgan and Liker 2006; Shook
2010; Liker and Franz 2011).

Perspectives on Deployment Strategies

Organizational change can be viewed from a ratigahning perspective or from a
disciplined problem solving perspective. This platalmodels for product development
(Brown and Eisenhardt 1995). March and Simon nbtd brganizations should use
problem solving methodologies when introducing argational changes (March and
Simon 1958) and product development can be vievwged @roblem solving process
(Clark and Fujimoto 1991). The rational planninggpective of organizational change
assumes that management and experts should dewelaetailed plan, manage
deployment, and reward compliance while punishegistance. The disciplined problem
solving perspective of organizational change assuilm& a strong vision for the change,
supported by management, with disciplined locatiées who take responsibility, and
distribute problem solving will result in a fastdahigh quality organizational change.
The process used for organizational change is oftéactive of how the organization
will operate and solve problems.

This study compares an enterprise-wide tool baggmoach and a model line value
stream map based approach. These two approaclaelpesmmonly used methods for
lean manufacturing deployment, with one approadusmg on breadth of deployment
and the other on depth of deployment (Liker andevi@D06; Liker and Franz 2011). The
enterprise-wide tool based approach follows a mafigplanning model of organizational
change with efforts focused on the breadth of depént based on top-down control.
The model line value stream map approach followdisziplined problem solving

approach to organizational change focusing on thethd of deployment with local

ownership.
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The cases are compared along the previously iteshitharacteristics of successful lean
deployments of achieving stability and supportingan culture. In terms of supporting a
lean culture the cases will be compared on charasts of problem solving and
learning cycles and on how integration and coottnaare achieved. Additionally, the
cases will be compared in terms of how breadth @ewth of deployment across the

organization is achieved.

Research Setting & Methodology

The research purpose is to develop an empiricalbyirgded, theoretical model for an
approach to the introduction of lean product depeient principles based on literature
and case studies (Eisenhardt 1989). This is aatiier process of theory development
followed by field research, refinement of the theand additional field research with
multiple cycles (Eisenhardt 1989). A comparativeecatudy of two deployments of lean

product development is conducted.

Case Selection and Overview

The cases are selected based on their contragongaches to lean product development
deployment, as well as on the accessibility of d&i@enhardt 1989; Yin 2003). The
cases compared in this study are two organizatibas had success with lean in
manufacturing and saw value in the use of leancgi@s within product development.
One organization is a Fortune 500 company in theswmer goods industry, further
referred to as Consumer Goods, with product devedop dispersed globally. The other
organization is a wholly owned subsidiary of a Bog 500 company that produces gas
turbine generators, further referred to as TurbfBen, with product development
activities centralized in one location. Both orgamions have historically been very
successful, have had success with lean manufagiad viewed the deployment of lean
methodology in product development as an oppostund improve operational

performance. Though each of these organizationsatg®e in a unique environmental
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context it is hypothesized that the learning frdme tinique challenges and experiences
each organization faced can lead to a general staoheling of the advantages and
disadvantages of different approaches to lean ge@at along with the enablers for
success. Both of the case study organizations teedlorgan & Liker model of lean
product development (Morgan and Liker 2006) asrtlaisis of understanding lean

product development.

Both organizations had similar motivations for agfhg lean product development.
Consumer Goods was looking to overcome unpredietibancial results, products not
aligning with market needs, and lengthy developnmmies in product development.
Turbine Gen was not meeting commitments for timentarket, product cost, sales
volume, quality, or budget. Though they had similaptivations the deployment
approaches taken by the organizations differed.s@mer Goods benchmarked best in
class companies including Toyota, Honda, and Mddornd focused efforts on cadence
planning, being accurate to market, and predictablérive quality improvements, cost
leadership, margin improvement and innovation. nekGen focused on front-loading
projects in the concept phase, managing the pmpeMmth an engineering resource
capacity planning tool, and adopting lean pringpie product development to enable
people to work more effectively, which was expecdtedead to quality improvements,
cost reductions, and shortened lead time. Cons@ueds utilized internal resources for
the planning and deployment of lean product devekg. Turbine Gen used an external

lean consultant to mentor the deployment efforts.

Differences in the deployment approaches are ttefeeof the different perspectives of
what lean product development is and the orgamzaticulture and environment. This
study focuses on the organizations’ efforts thdecfindividual projects. Consumer
Goods focused on achieving predictability acrogsehterprise through compliance with
development processes, including the definitiomef processes, having a detailed up-
front understanding of requirements and targetseniting on a separate track with

narrow scope, and exploring multiple options. ToebiGen initially focused on
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introducing lean principles within two pilot areagth the intent of lean spreading

organically throughout the organization in lateapés.

Data Collection

Data was collected through participant observatidimgct observation, review of
documentation and interviews (Yin 2003). The redear was an employee of Consumer
Goods involved with some of the efforts describethie case study. Observations within
Consumer Goods were documented as field notesnaitdocumentation related to the
efforts was reviewed and unstructured interviewseweonducted with participants
throughout Consumer Goods. Direct observations mected in field notes and
unstructured interviews were conducted at Turbiea Gver the course of a five day on-
site visit. The researcher was also able to retiewresponses of an internal Turbine Gen

guestionnaire that 70 participants responded to.

Case Description

Case Study 1: Consumer Goods Deploys Lean Entegoviéde

In 2006 Consumer Goods began the development oflobalg product quality
management system. Efforts focused on identifyind documenting processes while
identifying and eliminating or controlling all sa@s of variation. The importance of the
integration of people and process for an integrayestiem was emphasized with the need
for people to understand their role in the procasd to have the capability to execute
their role. The processes being standardized iedwsdipport processes, e.g. failure mode
and effect analysis, and core processes, e.g.a®ragland testing concepts to determine
feasibility, necessary to develop a product. Ttsgowi of the effort was to be able to click
through a navigation system for the developmentgss with an understanding of all the
tasks necessary to develop a product with variatesnoved or controlled and people

knowing what they are accountable for.
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Within the advanced research & development (R&Dncfion of the product
development organization there was a subgroup @ g¢fobal product quality
management system working on processes for thenaddaR&D organization, which
was a separate group from the product developmeganaation bringing specific
designs to market. This subgroup formed, in 20G&r &R&D resources, that were
originally assigned to support the broader prodietelopment organization’s quality
management system, sought support to focus effortdhe unique environment within
R&D. This group actively embraced lean concepts laegan working on pilot efforts
such as reducing waste and thus lead time in Stm¢earea supporting the labs and had
considerable success in the pilot. The researchsranmember of this group conducting
research through participant observation. By 200% tgroup was focused on
standardizing common aspects across projects sucbvaknowledge is captured and the

development and use of common project charters.

For the most part the product development orgaioizatvhich was focused on detailed
design and launch of new products, took a ratigslahning approach. In 2007
Consumer Goods launched a strategy to be accoratarket, develop a launch cadence,
and to be predictable upon delivery. The previdffisrts towards developing a global
product quality management system were incorporattdthis effort. This effort also
included multi-year product planning with commoatfdrms, up-front understanding of

consumer needs, and exploring multiple optionsyearhe design phase.

In 2008 Consumer Goods reorganized integratingatheanced R&D function into the
more routine product development organization. Hmded the separate lean effort that

had been unique to advanced R&D.

Consumer Goods followed a rational planning apgroée deployment with the

assumption that the expected benefits would bezeshlwhen the plan was executed.
Thus a detailed standardized process was defindtidogorporate quality function that
expected the development programs to comply. Coasuaoods perceived the lean

product development principles, described by Morgad Liker, to be countermeasures
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that could be selected and used individually torov@me problems. The lean product

development principles deployed at Consumer Goas:w

1. Establish customer-defined value to separate vadlded activity from waste.
(process)

To overcome the problems of products not alignini) e market and large numbers of

changes in direction throughout the developmentgs® Consumer Goods focused on

obtaining a detailed understanding of market respents prior to beginning work on

projects. If the requirements are understood befueeproject starts they can be planned

for and the projects can be executed to delivarestd the customers.

2. Front-load the product development process whieetlis maximum design space to
explore alternative solutions thoroughly. (process)

To decrease the risk associated with inventiorherctitical path of product development

the exploration of alternative solutions was ing&tl to minimize the risks associated

with changing customer requirements, technologyt eoxertainty, and technology

uncertainty.

3. Create a leveled product development process florocess)

To level the flow of market launches, product depetent multi-year (5-7 years)

product launch planning was done to ensure platfoomsistency and to manage the

number of large projects at a time.

4. Utilize rigorous standardization to reduce variaticand create flexibility and
predictable outcomes. (process)

To become more predictable Consumer Goods devemgéubal product quality system

focusing on standardizing processes to reduce tw@ariaThis also included ensuring

compliance to standardized processes and infornpegple of their roles and

responsibilities.

13.Use powerful tools for standardization and orgaimral learning. (tools and
technology)

To address an identified shortcoming in knowledgenagement, Consumer Goods

developed a design guide system to allow knowledgbe captured and shared in a

standardized way allowing it to be easily foundoasrprojects, functions, and time.
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Design Guides: A Successful Case that Enabled Global Standardization

The global product quality management system efforeated an infrastructure across
Consumer Goods for the development of standardpextesses. Many of these
standardized processes saw limited implementatidrtiaus effectiveness. The high level
of detail and navigating through connected processeated confusion as engineers got
lost in the details. These processes were pushtm emgineers and not adaptable to
address the challenges of different developmenjegi® Engineers did what was
necessary to effectively complete their projecthjciv didn’t always include following
the processes they didn't find of value. One exoeptvas a standardized process that
was developed when there was a pull from enginearsiesign guide system for

knowledge management.

The objective of most R&D organizations is the timaof usable knowledge for the
development of products (Ward 2007). Within theaathed R&D organization this led to
a focus on how to capture knowledge in a useablg w@ that it could be leveraged
across different product groups as well as timentieimize the recreation of previously
obtained knowledge. The infrastructure createdhieygiobal quality management system
was viewed as an enabler to the creation of a kedyd management system. There were
several self-initiated, disconnected design guide ather knowledge management
efforts across different engineering groups witGionsumer Goods. In 2007 a group of
engineers saw value in aligning these effortsjatat through the focus on knowledge
management within advanced R&D, so that the acdukmowledge could be shared
across the organization. They volunteered and tedrother engineers across functions,
who saw value in the development of a system, ieldp a knowledge management
system. This group was able to gain sponsorshiptHer efforts through the global

product quality management system.

Sections of the design guides were standardizedlde the information to be found and
pulled as needed, whereas other sections weretopEcourage engineers to capture all

information that they believed to be relevant. Stendardized sections included purpose,
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scope, keywords, references, definitions and alditiexdss, and contributors. Some of
these sections were standardized to ensure thanttenation could be found when
searched for through IT systems and others sahkanformation could be traced to the
original sources if needed, while giving creditttmse that contributed to the design
guide. The standard design guide templates aldoded sections that were specific to
each document. This was to be flexible to the d$igecieeds of each module or
technology for which a design guide was developdhin the flexible sections of the
design guides it was required to include why infation was relevant. It was expected
that many engineers would contribute to design egjithut each had a single owner who
was responsible for maintaining and updating tregieguides. This ownership structure
was aligned with module owners and technical ldzath within product groups and in
cross-product groups. An example of a product $ipexystem that would have a design
guide was tumble patterns within dryers. Cross-pcbdexamples would include
materials and controls and electronics. Controls$ @lectronic design guides would be

for hardware and software designs.

An example of a design guide within materials foeet was on the topic of heat
treatment. This included descriptions of the défdr heat treatments processes for
hardness. The process descriptions included peafocencharacteristics noting when the
method could be used effectively and when a mesioalldn’'t be used. The design
guide also included information on geometry consitiens and stress and environmental
considerations amongst other things. Because @Qu#rs@Goods has corrosion concerns
the design guide included information about needingarrower tempering (processing
method for heat treatment) range than industrydstats along with information on what

to consider when selecting a tempering temperature.

This approach allowed knowledge to be capturedmridd as needed across projects
and time throughout Consumer Goods. This was aetiby standardizing sections that
allowed the information to be found through therastructure, while being flexible and

adaptable to the unique needs of different teclgiesoand products. This was also an

effort initiated and developed by engineers who galue in it.
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Similarly, routine aspects of the development pssceere able to be standardized for
greater coordination across the organization. Exesngf routine support processes that
were standardized and used by engineers to efébgtisupport their work include
FMEAs and A3s. Failure mode and effects analysiEE) is used to identify all
possible failures, so that actions can be takeelitoinate or reduce failures (Tague
2004). A3 is a problem solving methodology basedhanscientific method with direct
observations of the problem, presentation of dataposed countermeasures, and follow
up with checking and adjusting based on the reg@t®ok 2008). The processes and
forms for these processes were standardized, imgjudxamples of ‘best practice’
examples to use as a template. Coaching for hous¢othese processes was available
from six sigma black-belts within Consumer Goodswlhequested by engineers. These
processes were used as appropriate and when ersgyimeeded them to support their

work to effectively complete product developmerdjects.

Case Study 2: Turbine Gen’s Model Line Deployment

Turbine Gen Phase 1: Model Line Deployment

In 2008 Turbine Gen initially deployed lean prirlegpin two pilot areas by doing value
stream mapping workshops and settingabpya (literally “big room”) for each pilot.
One of the pilot projects was an uprate of an mgsyas turbine generator to give it
greater and more efficient power generation capaait the other was the redesign of a
specific component, a fuel injector, that also tieestablishing a prototype test cell. The
two projects were selected as the pilot progranmsadme they were relatively short
duration so the results could be seen in a reasmaatount of time and they represented

both a turbine uprate program and a component iggdpsogram.
The fuel injector is a major and complex comporteat affects combustion. It is very

difficult to accurately model so they have to gootigh several iterations of design and

test. The test stage became a bottleneck as they sharing the same test process that
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was used for production versions and frequentlyirgebbumped so shortening the lead

time of the test process became a major focus.

Within the fuel injector project thebeya was less effective than for the turbine uprate
project, but with strong and very technically kneddeable leadership the team worked
together effectively to achieve their reduced laatke target. They benefited from an
early, extensive concept stage that was basedtdrased design so when they selected
the final version they had great confidence indne key to their success was developing
the dedicated test cell which became the focaltpmfimuch of the later stage of product
development—a stage that in the past could eastlpgt of control and add another year
of development. After the program ended the teamtimoed to refine the test cell
eventually developing an innovative visuanban system to schedule all of the work

going through the cell. On-time completion of saisicreased significantly.

Turbine Gen followed a disciplined problem solviagproach to deployment with the
assumption being that with proper management stipperexpected benefits would be
achieved as the organization moved through quioklpm solving cycles. Turbine Gen
perceived lean product development as a learnistesyfollowing PDCA that enables
people to do their jobs effectively and efficientlyhe model, described by Morgan and
Liker, provided an example to be learned from amhpted to fit their unique
organization. Lean product development principlesennitially used at the project level
as appropriate to support the execution of two pcodlevelopment projects. The lean
product development principles were most evidenthm turbine uprate project which
was a more traditional development program of d@mesproduct:

1. Establish customer-defined value to separate vadlged activity from waste.

(process)

An initial activity of the product development teamas the creation of a current state
value stream map for the project, which included ttentification of value-added
activities and waste, and a future state map tlvatldvreduce the lead time to reach the
target set by sales. The future state map becarogaall project plan that was adjusted

as the program progressed.
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2. Front-load the product development process whieetlis maximum design space to
explore alternatives thoroughly. (process)

Through the value stream mapping process, whichtedethe initial project plan, the

project plan was front-loaded. In particular, th@nming for many downstream activities

like tooling development, prototype casting, anchafacturing preparation were pulled

up to the concept stage and through simultaneoggegring many past downstream

bottlenecks were avoided.

3. Create a leveled product development process florocess)

Through simultaneous engineering, early supplieolvement, and an extended concept

stage the downstream process became one of exearttbwas much more stable and

level than in past programs.

5. Develop a chief engineer system to integrate dewveémt from start to finish.
(people)

A project leader without the traditional backgrouhdt with the appropriate skill-set was

selected and given support as needed to lead tletogenent program through tiobeya

process. The project leader had previous experiencking directly with customers and

with downstream partners of the product developnoeganization both within Turbine

Gen and in other organizations. He became ansiumaient of lean product development

and very consciously worked to develop himself iatoole resembling Toyota’s chief

engineer.

6. Organize to balance functional expertise and chasstional integration. (people)

The obeya process was used to bring the team members togetheork on cross-

functional issues in th@beya, while maintaining their roles within their functial

organizations. Meetings dealt with critical crdgeetional issues on a weekly cadence

which in the past may have slipped through theksraurfacing much later as major

crises. Even a major crisis was dealt with vergdifiely as the team came together and

dedicated themselves to solving the problem thimwvalg them to still meet their

shortened delivery date.

8. Fully integrate suppliers into the product develepirsystem. (people)

Key suppliers were involved early in the progrand ame of the most critical suppliers

(of castings) actually sent a full-time on-sitenesgentative who became a member of the
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project team, had wall space in tbiseya, and participated throughout the development
process.
10.Build a culture to support excellence and relestlegprovement. (people)
Through quick learning cycles, project leader caaghand management support team
members were given the support and means necessady their jobs and make
improvements. The team truly began acting as gmedi team and through short problem
solving cycles were developing their capabilitiesvork together effectively.
12.Align your organization through simple, visual coommtation. (tools and
technology)
Theobeya process allowed the functions to display key d&aally and for alignment to
be achieved across functions. Clever ways of calitg key metrics and presenting them
visually were developed, such as in the cost ofptteeluct, which allowed visibility to
actual versus targets on a weekly basis—uvisibilitgy never before had. Also A3
reports became a standard means of documentingeprsband reporting on key
information which greatly streamlined report wrgiand made key information very easy
to grasp. Thebeya became so informative that the group decided mdtold the usual
gateway reviews through extensive PowerPoint ptatens (itself all non-value added).
Rather senior leaders came to tieya to observe the status of the process at the gate

ways.

GTG Phase 2: Lean Spreads Organically

In 2009 the use of lean tools started to spreadmnacglly in the organization as people
saw value in the tools to effectively support wavithin the pilots. Thekanban system
for fuel injector prototyping spread from the testll upstream into drawing and
modeling using the sam@nban card for a fuel injector throughout the procesalug
stream mapping workshops were used for the irsti@htion of project plans across the
organization. A team member on the initial projectise arobeya room started anbeya
room for a project that they were the project leame The project leader of the original
obeya pilot used anobeya to problem solve customer issues in the field foisteng
turbines in operation. Tools that were best prastiand became standards in obeya
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were borrowed, adapted, and improved to effectiwelgport the work in othesbeya.
The spread of lean was limited to those who haeeepced the value within the original

lean pilots with varying levels of success througiitbe organization.

Case Analysis

The approaches taken towards deploying lean withth organizations matched how the

leader perceived the use and benefits of leantendrganizational culture.

Case Study 1: A Rational Planning Approach

Consumer Goods followed a rational planning apgr@asuming that good planning and
execution of the plan would result in good resultse viewing of lean as a toolkit with
principles to be used selectively to overcome paldr issues based on a linear cause and
effect relationship represents the good planniragldeto good results viewpoint. For
example, they invested heavily in understandingketarequirements in detail prior to
work beginning. This is certainly worthwhile butogiuct development teams need to
make changes if the customer requirements changbeounderstanding of customer
requirements change. The lack of flexibility to tesponsive to changes in customer

demand is counter to lean principles (Womack, Jehes 1990).

Achievement of Stability

Following the rational planning approach Consumerod used standardization of
processes to achieve stability. The standards setre@and controlled by a central staff
function. Many people within management and thdf $tanction believed that when
objectives were not met it was a result of a latkrocess compliance. The solution to
overcome the lack of process compliance was théurdetail the standardized processes
with clear accountability of roles and responsiig@. The result was similar to the
common use of stage-gate systems that assumeivacain be reduced by planning the
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development in stages with review checkpoints (@oof990). Consumer Goods
assumed that, through compliance, deviations fieenstandard would be corrected and
no problems would occur. The lean literature emizlessthe importance of having
standards and responding to deviations from thedstal with good problem solving
(Liker and Hoseus 2008; Rother 2010; Liker and Era@ll). However, the standards
should be adapted to each product developmentarognd monitored and controlled by
the product development team, with continuous im@noent of the standards.
Consumer Goods attempted to achieve stability tyivaucentral staff creating a general
standard process to control the complexity of tmeirenment and force process

compliance.

Additionally Consumer Goods’s focus on the esthbfient of standardized processes
throughout the product development process wastampt to ensure that processes were
predictable. Unfortunately, many of the standardsalme cumbersome and resulted in
more non-value added activities then they elimidhatedowever, there were a few
examples of effective process standardization &sffdxamples of this were the failure
mode effects analysis (FMEA) process, A3s for moblsolving, and the design guide

system for knowledge management.

The design guide was initiated by practicing engiegn R&D who saw a need. They
took the initiative to get approval, create, andtain the guides. Individuals took
responsibility for each design guide. As they adait they were thinking not about
control, but about creating an aid to enable bettgsineering. They recognized that too
much standardization would be counterproductive @wssibly hamper creativity. Thus,
the design guide system had sections standard@edldw information to be easily
found, while maintaining flexibility to capture kwtedge. The standardization efforts
that were effective were support processes that wesed as appropriate and when
needed to support the work while allowing non-vahagled variation to be removed.
Removing variation from these common engineeriragstéeads to greater predictability
within the product development process (Adler, Mdhdum et al. 1996), which resulted
in greater stability in the product developmentgeiss (Liker and Meier 2006).
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In retrospect the design guides were not followling rational planning approach, but
rather were following a problem solving approachthwiapid learning cycles as the
engineers learned what information to include, hprescriptive to be, and where there

were needs for flexibility.

Problem Solving / Learning Cycles

Following the rational planning deployment approachnsumer Goods spent time
developing standards, documenting, and deployiagdstrds globally. Consumer Goods
planned to begin auditing and enforcing the stasslar 2010, which was outside of the
observation period of this study. Efforts focused oollecting best practices and
leveraging them across the organization. Consunwod& did not develop feedback
mechanisms to enable the checking and adjustinpeoktandards once deployed until
four years after the initial deployment. They inoily assumed that the plan was correct
and there was no need to have a problem solvingg dgc make adjustments to the
deployment plan. With a lengthy planning phasééf plans were checked and adjusted it
would be a slow learning process given the lengtth® planning and executing phases

with auditing beginning four years after the plamghnbegan.

Coordination and Integration

Consumer Goods sought to obtain coordination aregiation through the use of
standardized tasks and milestone integration ev&itndardized processes can be an
effective means of obtaining coordination and irdéign when they facilitate the
understanding of task characteristics and intendggecies (March and Simon 1958;
Sobek, Liker et al. 1998; Morgan 2002). Thoughthd complexity is great enough that
standardization is not sufficient to coordinate ititerdependent relationships, as was the
case within Consumer Goods, it will not be an difecmeans of achieving coordination
or integration (March and Simon 1958; Thompson ]19%7d can lead to a coercive
bureaucracy (Adler and Borys 1996). Consumer Gaalde used standardization to
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capture knowledge in a way that facilitated thdigttio share it across projects and time,
which is noted as crucial by Clark and Fujimoto dffiective product development (Clark
and Fujimoto 1991). The knowledge was stored irag that allowed developers to pull
the knowledge as needed, similar to the approaeth asToyota (Sobek 1997).

Breadth and Depth of Deployment

Consumer Goods achieved breadth of deployment daysfog on global processes. This
approach allowed for economies of scale and forgdies to be leveraged across the
entire enterprise. However, the centralized cordpgproach did not allow for feedback
and learning to improve the standards and did movige local ownership of the
standards by the development teams. Thus, theltbrezas at the expense of depth of
actual use of the standards to improve productldpugent and create a learning culture
that continuously improves the standards.

Case Study 2: A Disciplined Problem Solving Apprbac

Turbine Gen followed a problem solving approacletm deployment assuming that with
vision, support, and problem solving the plan cdutdadapted as needed to ensure good
results in the uncertain environment. By viewingrleas a socio-technical system that
supports the effective and efficient completiomairk lean principles were introduced as
appropriate and as an integrated system at theqtrtgvel. Executing projects with
weekly cross-functionabbeya meetings enabled cross-functional problem solvimg
adjust both the project and tools as needed. Thiwed for necessary adaptation in the
complex environments of product development and teployment, which supports the
lean approach of learning and adapting through PB®&e uncertainty exists (Rother
2010; Liker and Franz 2011).
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Achievement of Stability

Turbine Gen achieved process stability by estaiblislaccountability through value
stream mapping and weekbpeya meetings. The cross-functional value stream mappin
process enabled team members to create the ppgciwith an understanding of the
interdependencies of the work. Weekly cross-fumetioobeya meetings allowed for
adjustments to the plan as needed with an undeliataf the impact on other parts of
the project, which drove accountability as it wasdent on a weekly basis how team
member’s actions impacted the rest of the proj&tability was achieved by team
members taking accountability for the commitmehisytmade to the project and team.
Clear visibility to the interdependencies and coneaces for the project of not meeting
commitments drove people to be accountable (Bakéd2Morgan and Liker 2011).
Having work completed as planned leads to stalititthe development process. Instead
of attempting to control the work from the top dqwetability was achieved by meeting

commitments on a weekly basis.

Problem Solving / Learning Cycles

Through the model-line deployment approach Turb@®en was able to have very
frequent learning cycles. The use of PDCA with &lmeg and adjusting on a weekly
basis through project execution in thieeya led to quick learning cycles on projects and
also on how the lean tools were supporting the wéak example of this was the
introduction of Andon” (signals of serious problems) in tlobeya to highlight cross-
functional issues that were not being properly egsied. Another example was in the fuel
injector prototypeobeya. Through the quick learning cycles it became evidihat
addressing the bottleneck for testing with a dddotatest cell would support the
reduction of lead time. Refinements continued oe tledicated prototype test cell
resulting in the establishment of kanban board to schedule the work, which was

effective for supporting the testing process fofal injector development projects.
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The nature of the work was better supported thradjbstments to tools with the team
continuously modifying the tools to best suppositiwork. Adjusting the tools to best
support the work not only led to the work being eomore effectively, but also supported
the culture change to focusing on problem solvBigook 2010). The ability to check and
adjust is important in a lean context since evenyirenment is different and the
appropriate approach to deployment will vary and/meed to be adjusted (Liker and
Meier 2006). Executing the project via tbiseya with cross-functional weekly meetings
resulted in a weekly learning cycle for projectsl dhe lean tools supporting projects
(Rother 2010; Liker and Franz 2011).

Coordination and Integration

Turbine Gen achieved coordination and integratiothe project level through the use of
value stream mapping arabeya. Both the value stream mapping process alogya
allowed an understanding of the tasks and intert#gecies of the work (Rother, Shook
et al. 2003; Liker 2004; Morgan and Liker 2006; BaR011; Morgan and Liker 2011).
The use of th@beya process allowed for real time mutual adjustmenplass deviated
allowing integration and coordination to be achyeawrence and Lorsch 1969; Baker
2011).

Breadth and Depth of Deployment

Achieving breadth of deployment was more diffictdt Turbine Gen than Consumer
Goods as initial efforts were focused on a fewgutyg and the spread of lean organically
relied on observations of the value of the toolsl amactices resulting in their use
elsewhere in the organization. Through participaeising the value of the tools within
the pilot projects and being engaged in the prottesspulled the tools and used them as
appropriate in other contexts. In addition to tipeead of value stream mapping and
obeya to other projects the tools withaieyas that became standards were borrowed and
improved upon within and across projects. Turbiren Gnade adjustments to the lean
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tools when applying them in different contexts, evhifollows theyokoten (across
everywhere) process of sharing practices in orgdiozs considering the environmental
context (Liker and Hoseus 2008; Liker and Franz1201

Table 2.2: Comparison of Enterprise Wide Tool Based. Model Line Value Stream Map
Deployment Approaches

Enterprise Wide: Lean Model Line: Product
Engineering — Tool Based Development Project — Value
Approach (Rational Planning) Stream Mapping (Disciplined
Problem-Solving)

How stability is Standardize tasks to be more Accountability to complete tasks
achieved. predictable with centralized when commitments are made.
control for compliance.
Standardize routine support

functions.
Problem solving / Long learning cycles Short learning cycles: adapt
learning cycle improve quicker; target setting &
characteristics problem solving is more focused.
How integration & Following the standard process is Cross-functional integration and
coordination is intended to force cross-functional coordination within projects.
achieved. coordination across projects &

time.
How breadth of The same process controlled by pOrganic spread: As value is seen
implementation is staff function is deployed to it is implemented & adapted to
achieved multiple projects. fit throughout the organization.

Discussion

Consumer Goods followed a common approach of |legtogiment by focusing on the
technical process (Liker 2004), attempting to drivelture change through
standardization and enforcement of standard udeaof tools. Whereas, Turbine Gen
used and adapted the technical tools in a wayftitaised on enabling people to work
effectively assuming that people would see valuthénlean system through the resulting
technical gains. Those involved in the early ppobgrams would become evangelists

helping to spread a culture change.

Within product development the cause and effecitiaiship between the use of lean

tools and the results are difficult to see. Thibegsause in a complex environment there
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are several interacting factors and there is I@sk tduration in product development.
These factors make it more difficult in complex eomments, such as product
development, to get culture change by demonstraétiegalue through technical changes
in pilot projects or enterprise wide efforts. Inngalex environments through the
development of the technical system to supportwibek with employee engagement
enabling bureaucracies, which use standardizatohs#&ructure to support work (Adler

and Borys 1996), can be created.

Both case studies were in the early stages ofdepioyment in product development at
the time of observation. Each organization inifiddcused on achieving stability, which

is a key first step in lean deployments (Liker &teier 2006). However, the philosophy

and approach to achieving stability varied greattyappears at this early stage of
deployment that the focus on achieving stabilitptigh people may be more effective in
a product development environment as it enablek worbe integrated and standards
started to emerge within Turbine Gen. By contréist, standardized processes within
Consumer Goods were not necessarily followed aedligcipline to follow the processes

didn’t exist.

Each approach to lean deployment had benefits dwanéages over the other approach.
The enterprise wide rational planning approach teckan infrastructure across the
organization. This enabled common routine tasksb& standardized facilitating
predictability, coordination, and integration adke organization. It also enabled the
development of a knowledge system that facilitdeowledge to be captured and found
across projects and time. The model line disciplipeoblem solving approach allowed
adaptability to make adjustments in the uncertawvirenment of product development.
This allowed greater opportunity for learning leas a socio-technical transformation
with the capability to adapt the process basecaming. The lean tools were adjusted to
best support problem solving, people developmert,arganizational learning.

The advantages of each approach were the disadyesntéh the other approach. Whereas
the rational planning approach created an infragire that allowed efforts to be
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leveraged across the organization the spread of tie@ugh the disciplined problem
solving approach was limited as it only spreadusiskly as value was seen and lean was
pulled. And while the disciplined problem solvingpaoach allowed adjusting for the
uncertain product development environment the matigplanning approach assumed

adjusting wasn’t necessary.

Ultimately the efforts that were successful in botganizations had characteristics of an
enabling bureaucracy of supporting people to dar therk (Adler and Borys 1996).

People used and created the tools that best seppitrem to do their work effectively.

Within Consumer Goods these were the routine suigpocesses including the design
guide system for knowledge management. This wastedewvhen there was a pull from
engineers because there was a need to supportéhgork effectively and because there
was a global infrastructure that supported itsaess projects. Within Turbine Gen the
lean tools were continuously adapted and used ys\lzat best supported the effective

execution of projects.

Different environments have different deploymenalldnges, which are also impacted
by the deployment objectives. Depending on theetbffit environmental contexts and
objectives of deployment there should be differapproaches to deployment to meet
those goals. The tools and approach need to fit thié objective and the environment
rather than there being one best way to approaploygleent. With the objective of

leveraging gains and sharing knowledge acrossltimbenterprise the rational planning
approach was effective for the routine aspectsrodiyct development within Consumer
Goods. And with the objective to learn lean as @aostechnical system the disciplined
problem solving approach was more effective for blne Gen in the uncertain

environment of product development.

Within advanced R&D there are inherently higherlswf variation than within product
development groups bringing specific designs to ketarThis along with a greater
emphasis on how lean could be used in that envieomnvithin Consumer Goods led to

the focus on standardizing common aspects whiletaiaing flexibility to be adaptable
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to the needs of different groups in the developn@nthe design guide system. The
complexity and variation of the knowledge createmkenit impossible to standardize all
aspects as doing so would require complete knowledall potential knowledge to be
created across the organization. In this way theensomplex nature of advanced R&D
work may have made it easier to see and understendieed to be adaptable to the

unique needs of each development project.

Eventually to achieve an enabling bureaucracy aneal between the rational planning
and disciplined problem solving approaches needbet@achieved. The infrastructure
created through a rational planning approach allttvesroutine aspects of the product
development process to be standardized facilitatouydination and integration, whereas
the disciplined problem solving approach allows uating as needed for each

development project.

39



References

Adler, P. S. and B. Borys (1996). "Two Types of &uicracy: Enabling and Coercive."
Administrative Science Quarterfy(1): 61-89.

Adler, P. S., A. Mandelbaum, et al. (1996). "Gejtithe most out of your product
development process.(process management technmpreseduce production
time)." Harvard Business Review4(n2): p134(13).

Baker, C. (2011). Transforming How Products areiiegyed at North America Auto
Supplier._The Toyota Way to Continuous Improvemdunitking Strategy and
Operational Excellence to Achieve Superior Perforceal. Liker and J. Franz.
New York, McGraw-Hill.

Barrett, C. W., C. S. Musso, et al. (2009, Februagyl). "Upgrading R&D in a
downturn."” The McKinsey Quarterlyrom http://www.mckinseyquarterly.com/

Brown, S. L. and K. M. Eisenhardt (1995). "Proddetelopment: Past research, present
findings, and fu."_Academy of Management. The Acageof Management
Review20(2): 343.

Clark, K. B. and T. Fujimoto (1991). Product Devmieent PerformanceBoston,
Massachusetts, Harvard Business School Press.

Cooper, R. G. (1990). "Stage-Gate systems: a nelftw managing new products.
(conceptual and operational model)." Business osz33(n3): p44(11).

Cusumano, M. A. and K. Nobeoka (1998). Thinking drel lean: how multi-project
management is transforming product developmenbgbfB and other companies
New York, Free Press.

Eisenhardt, K. M. (1989). "Building Theories Fromse Study Research." Academy of
Management. The Academy of Management Reviéi): 532.

Itazaki, H. (1999). The Prius That Shook the World

Karlsson, C. and P. Ahlstrom (1996). "The DifficElath to Lean Product Development.”
Journal of Product Innovation Managem#8&4): 283-295.

Kucner, R. J. (2008). A Socio-Technical Study odhévlanufacturing Deployment in the
Remanufacturing Context

Lawrence, P. R. and J. W. Lorsch (1969). Orgaromatind Environment: Managing
Differentiation and Integratiollomewood, lllinois, Richard D. Irwin, INC.

Liker, J. K. (2004). The Toyota way: 14 managenyeiiciples from the world's greatest
manufacturerNew York, McGraw-Hill.

Liker, J. K. and J. K. Franz (2011). The Toyota WayContinuous Improvement:
Linking Strategy and Operational Excellence to Aelei Superior Performance
New York, McGraw-Hill.

Liker, J. K. and M. Hoseus (2008). Toyota Cultuf&e Heart and Soul of the Toyota
Way. New York, McGraw-Hill.

Liker, J. K. and D. Meier (2006). The Toyota WaglBbook New York, McGraw-Hill.

March, J. G. and H. A. Simon (1958). Organizatidwesw York, Wiley.

Morgan, G. (1997)._Images of OrganizatioriBhousand Oaks, California, SAGE
Publications

Morgan, J. and J. Liker (2011). "Lean Product Depaient as a System: A Case Study
of Body and Stamping Development at Ford." EngimgeManagement Journal

40



Morgan, J. M. (2002). High performance product demment: a systems approach to a
lean product development process

Morgan, J. M. and J. K. Liker (2006). The Toyoteoguwct development system:
integrating people, process, and technoldggw York, Productivity Press.

Nadler, D. A. and M. L. Tushman (1980). A Model fbragnosing Organizational
Behavior._ Organizational Dynamic&merican Management Associations.

Pasmore, W., C. Francis, et al. (1982). "SociotmahnSystems: A North American
Reflection on Empirical Studies of the Seventiddtiman Relations35(12):
1179-1204.

Rother, M. (2010). Toyota Kata: Managing Peoplelfoprovement, Adaptiveness, and
Superior Resultslew York, McGraw-Hill.

Rother, M., J. Shook, et al. (2003). Learning te: s&lue stream mapping to create value
and eliminate mudarookline, MA, Lean Enterprise Institute.

Shook, J. (2008). Managing to Led@ambridge, MA, Lean Enterprise Institute.

Shook, J. (2010). "How to Change a Culture: Lesserem NUMMIL." MIT Sloan
Management Reviewl1(2): 63.

Sobek, D. K., Il (1997). Principles that shape piciddevelopment systems: a Toyota-
Chrysler comparisan

Sobek, D. K., Il, J. K. Liker, et al. (1998). "Arngr look at how Toyota integrates
product development. (Toyota Motor Corp.)." HarvBukiness Review76(n4):
p36(12).

Sobek, D. K., I, A. C. Ward, et al. (1999). "Toatt principles of set-based concurrent
engineering."” Sloan Management Reviéi?2): 67(1).

Spear, S. and H. K. Bowen (1999). "Decoding the DbfAthe Toyota Production
System." Harvard Business Revi&&(5): 97.

Spear, S. J. (2009). The High-Velocity Edge: Howkéa Leaders Leverage Operational
Excellence to Beat the Competitiblew York, McGraw Hill.

Tague, N. R. (2004). "Failure Mode and Effects Ama (FMEA)." Retrieved July 31,
2011, from http://asg.org/learn-about-quality/process-analysis
tools/overview/fmea.html

Thompson, J. D. (1967). Organizations in actiorgiadoscience bases of administrative
theory New York, McGraw-Hill.

Ward, A., J. K. Liker, et al. (1995). "The seconoly®ta paradox: how delaying decisions
can make better cars faster.” Sloan ManagemeneRed6(n3): p43(19).

Ward, A. C. (2007). Lean Product and Process Dewadmt Cambridge, MA, The Lean
Enterprise Institute.

Wheelwright, S. C. and K. B. Clark (1992). Revabuizing product development:
guantum leaps in speed, efficiency, and quaNigw York : Toronto, Free Press ;
Maxwell Macmillan Canada ; Maxwell Macmillan Interonal.

Womack, J. P. and D. T. Jones (2003). Lean Think#amish Waste and Create Wealth
in your CorporatiorNew York, NY, Free Press

Womack, J. P., D. T. Jones, et al. (1990). The Muecthat changed the world: based on
the Massachusetts Institute of Technology 5-milldwilar 5-year study on the
future of the automobileNew York, Rawson Associates.

Yin, R. K. (2003)._ Case study research: designmaathods Thousand Oaks, Calif., Sage
Publications.

41



Chapter 3
Facilitating Cross-Functional Teamwork in Lean Product Development: The Role

of Obeyaand Value Stream Mapping

Introduction

The development of new products is critical to thecess of many organizations.
Increases in global competition, demanding custerseeking niche products, and rapid
technology developments has increased the conyegiégss in several industries
(Wheelwright and Clark 1992PDrganizations frequently need to specialize to bgve
the capabilities to meet the demands of the maftethe same time, improving quality,
lowering cost, and shortening lead time from comhcep market while developing
innovative products to meet customer needs is sBapgd0 remain competitive or to
develop a competitive advantage. Lean principles loa used to achieve these goals
(Wheelwright and Clark 1992; Morgan and Liker 20@&rrett, Musso et al. 2009;

Morgan and Liker 2011), while enabling effectivarravork across functions.

Lean is a socio-technical system that enables pdaopsolve problems and continuously
improve (Liker 2004; Rother 2010; Liker and Rot#11; Liker and Franz 2011).
Product development is a problem solving procesark@nd Fujimoto 1991; Brown and
Eisenhardt 1995). There are some similarities &n l@roduct development to lean
manufacturing: focus on shorting the lead timeebsgninating waste, striving to make
the work flow in a smooth and leveled way, improeamthrough rapid cycles of PDCA,
teamwork focused on shared, measureable objectinekling quality into the work
instead of fixing problems after the fact, and mor®n the other hand, product
development is a complex cross-functional effod arlack of effective coordination and
integration are the biggest impediments to beslityuwest cost, and on-time delivery.
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As a creative design process, creatively definipgjons and thinking deeply through
issues of systems integration are critical in thenttend of the process, an area of
weakness in many development organizations that themselves fire fighting to get
products fixed after launch.

Research Objectives

Though there has been extensive research into stadding and defining lean product
development systems (Ward, Liker et al. 1995; Solb@%7; Sobek, Liker et al. 1998;
Sobek, Ward et al. 1999; Morgan 2002; Morgan arei.P006; Ward 2007) there has
been limited investigation into how organizationanctransform to lean product
development systems (Baker 2011; Morgan and Lik&t1® Experts in this field
emphasize that lean is a way of thinking and aucallttransformation, not a toolkit
(Womack and Jones 2003; Liker 2004; Morgan and L #@06; Ward 2007; Liker and
Hoseus 2008; Liker and Franz 2011; Morgan and L#@k1). This study addresses this
gap by conducting an in-depth case study within pngect of how value stream
mapping andbeya played a key role in the introduction of lean phahes. In this case
lean product development was viewed as an organieps of getting the right people to
work together as a team and focus on shared obgsctiThe tools were viewed as levers
to help start the process of cultural transfornmatiothis organization. This research also
addresses the broader issue of how complex orgamzahat develop complex products
integrate across functions to efficiently and etfedy complete product development
programs focusing on customers using some of th&t wmmmonly used lean product

development tools. This is addressed through th@mmg research questions:

1. How can lean tools, specifically value stream mag@ndobeya, act as enablers
in the transformation of R&D organizations so thean more efficiently and
effectively introduce new products?

2. What are organizational characteristics that ensibbeessful use of these tools to
begin the process of a cultural transformation lieaa enterprise?
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Research Methodology

This research develops a theoretical model for @raach to the introduction of lean
product development principles based on literaame a case study (Eisenhardt 1989).
This study seeks to show replication of succeswifador lean implementation as found
in other environmental contexts to increase thalitglof those findings (Yin 2003). The
unit of analysis for the study is at the projestele an in-depth case study showing how
value stream mapping and tbleeya process were used within one product development
project. This study addresses the call for in-degatbe study research, by Morgan and
Liker, within lean product development, particwafbr the role ofobeya (Morgan and
Liker 2011). The case was selected based on theagptaken to introduce lean product
development principles, as well as for the accddgilto data (Eisenhardt 1989; Yin
2003). Direct observation, review of documentatiand unstructured interviews were
the data sources collected allowing for data tngawipn to increase the validity of the
research (Yin 2003).

Theoretical Discussion

Complexity of the Product Development Context

Growing Product and Organizational Complexity

The complexity of product development environmesuatinues to increase (Lawrence
and Lorsch 1967; Wheelwright and Clark 1992; Kaufse Vonderembse et al. 2001;
Lovelace, Shapiro et al. 2001; Koufteros, Vondersenét al. 2002; Holman, Kaas et al.
2003; Smith 2007). The primary forces driving thereases in complexity are intense
international competition, fragmented and demandiragkets, and diverse and rapidly
changing technologies (Wheelwright and Clark 199®elace, Shapiro et al. 2001). For
firms to be successful as these forces increase rieed to develop the capability to
quickly and efficiently develop new quality prodsicto meet customer demands

(Wheelwright and Clark 1992; Zirger and Hartley @R9As organizational mechanisms
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are put in place to manage the complexity in theereal environment it can create

complexity in the internal environment.

Increasing complexity leads to higher levels of ertainty within organizations.
Uncertainty is “the difference between the amounbfmrmation required to perform the
task and the amount of information already posskebsethe organization.” (Galbraith
1974). Uncertainty is the fundamental problem tlwaimplex organizations face
(Thompson 1967; Galbraith 1973; Galbraith 1974;hhuan and Nadler 1978; Galbraith
1982; Daft and Lengel 1986). One of the reasonarorgtions exist is to solve problems
and to process information in order to do so (Maaold Simon 1958; Galbraith 1973;
Galbraith 1974; Tushman and Nadler 1978; Daft arddgel 1986). When tasks have
higher levels of uncertainty associated with thémmdreases the amount of information
organizations must process to execute tasks ande spfoblems. In addition to
uncertainty organizations must also deal with egcedity, multiple and conflicting
interpretations of an organizational situation (€kel979), when processing information
(Daft and Lengel 1986).

As levels of interdependence between tasks incré@se pooled, to sequential, to
reciprocal the complexity within the organizatiarcieases (Thompson 1967). Pooled
interdependence exists when the task can be acstraglby parts of the organization
working independently, relying on a common pool resources, though if any part
doesn’t perform adequately it has an impact on éh&re organization’s ability to
perform adequately. Sequential interdependencer®aghen the output for one part of
the organization is the input for another part bé torganization. And reciprocal
interdependence occurs when the outputs of onegparthe inputs to another and the

outputs of that become the inputs for the first aaan in an iterative manner.

The quality of the reciprocal interaction ultimgteletermines the quality of the output
(Thompson 1967). An example of pooled interdepecéemould be the case where a
design is modular and each company, given perfoceapecifications, can develop its

module independently of other modules. This oftethe case in computers, for example
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the hard disk may be developed very independeiitthgemother board. In automotive
there is much more customization of designs andpnacal interdependence. For
example, there are many steel body parts thatacteand will affect structural
characteristics like crash worthiness, thus therestnbe close coordination between
engineers for doors and hoods and structural menb&imilarly, the design of the
vehicle has a huge influence on the ease of manmifiag and assembling the vehicle.
The traditional “throw it over the wall” design m@ss where product engineers complete
the design and pass it to manufacturing assumesesggl interdependence, but to
optimize product and process design requires recgbrinterdependence. Concurrent
engineering is an example of an attempt to addhesseciprocal interdependence across
functions. The difficulty in coordinating tasks reases as the levels of interdependence
increase from pooled to reciprocal, with the ineeghreliance on other parts of the

organization (Thompson 1967).

To develop the capabilities needed to maintaincéffeness with increased complexity
greater specialization is needed, which leadséatgr levels of interdependence between
the specialized functions and thus requires graeeds for coordination (Lawrence and
Lorsch 1967). In addition to increasing interdeparmuk, specialization leads people to
develop unique orientations related to the tasksthafir functions. The resulting
differentiation is defined as the “difference ingodtive and emotional orientation among
managers in different functional departments” (Lemae and Lorsch 1969). The
dimensions upon which differentiation occurs aréemations towards goals, time
orientation (short term versus long term), intespeal orientations, and formality of
structure (Lawrence and Lorsch 1969). The negaifects of differentiation can be
overcome with effective integration across funcsiooy resolving interdepartmental
conflicts and achieving unity of effort among fuoncial specialists (Lawrence and
Lorsch 1969).
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Organizational Design Countermeasures to Achieve Coordination and

Integration Required by Increasing Complexity.

Contingency theory is based on the assumption ttiexe is no one best way for an
organization to be organized, but on the other hastdevery method of organizing will

be equally effective (Galbraith 1973). Organizasiaomreed to have a “goodness of fit”
between their structure, the technology, and tegternal environment in order to be
effective (Pasmore, Francis et al. 1982; Daft 2004)order to process information

effectively and efficiently organization structumesed to provide the appropriate level of
support to achieve coordination and integratiorgaizations are most effective when
their strategy is consistent with their externavienment and when organizational
components are congruent with the tasks necessampglement that strategy (Nadler
and Tushman 1980).

As uncertainty increases organizations deploy exjiat to either reduce the need to
process information or to increase their capacityptocess information. Different
organizational designs exist as a result of théewht strategies used to increase the
ability to preplan, increase flexibility to adajt the inability to preplan, or to decrease
the level of performance required for continuedbility (Galbraith 1973). The
organizational designs chosen will impact the caxipy of tasks and the levels of
interdependence between tasks. Similarly, the wolgy itself can be designed to reduce
interdependence, for example, designing the prosludt is modular can reduce some of
the need for reciprocal interdependence. Commgarizational and technology design
countermeasures utilized for increasing uncertaimigiude: The creation of slack
resources or self-contained tasks to decrease @bd for information processing and
investment in vertical information systems or theation of lateral relations to increase
the organization’s ability to process informatida(braith 1973; Galbraith 1974). The
development of lateral relations seeks to ensuat dlecision making occurs at the
location where the information exists, which isalfuat lower levels of the organization
(Galbraith 1973).
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In addition to resolving uncertainty, informatioropessing at the organization level must
address disagreement and diversity of opinion (Raid Lengel 1986). Equivocality
exists when information can have multiple interatiens and the acquisition of new data
can lead to increases in the level of uncertaififeiCk 1979). Equivocality can be
resolved with the exchange of existing views amorapagers to define problems and
resolve conflicts with a shared interpretation toidg future activities. Structural
mechanisms that enable debate and clarificatidnfofmation will reduce equivocality.
Rapid feedback cycles with rich information shanmgl speed the process for managers

to reach a common interpretation of informationf(@ad Lengel 1986).

Different coordination mechanisms are appropriatesérying levels of interdependence.
Standardization, which involves the establishmémouotines or rules which constrain the
action of each part into paths consistent with ¢hia&en by others in the interdependent
relationship, is appropriate for pooled interdem@rad (March and Simon 1958;
Thompson 1967). To be effective for achieving comatlon, standardization should only
be applied in stable and repetitive situations (Mpson 1967). Coordination by plan,
which involves the establishment of schedules for interdependent unit to guide
actions, is appropriate for sequential interdepeode (March and Simon 1958;
Thompson 1967). Coordination by mutual adjustmehtch involves the transmission of
new information during the process of action, isprapriate for reciprocal
interdependence (March and Simon 1958; Thompsoii)196

Past Attempts to Integrate Product and Process Development

To maintain effectiveness with the increasing deasaior coordination and integration
many organizational innovations have emerged. Mithocommonly used in product
development include stage-gate systems, produetylife management software,
concurrent engineering with collocated dedicatedm® and integrated product

development.
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Stage gate systems are designed to reduce cydeitimprove product “hit rates”, and be
an effective tool to manage, direct, and contradpict-innovation efforts. Stage gate
systems apply process-management methodologiesheéoinnovation process with

attempts to reduce variation and use gates astyjehkeckpoints between stages of the
development process (Cooper 1990). The developnpeatess is divided into

predetermined stages with the activities withinheatage also predetermined. Different
activities within different parts of the organizati occur during the stages, but they
converge at the gates where the project is evaluatéetermine if it can proceed to the
next stage of development. These systems provideenview of the entire new product
development process for senior managers givingtstrel and a vocabulary for better
management and control. Benefits of the stagegyatem include: the establishment of
discipline in the process, a simple and visibleteayswhere the requirements for each
stage and gate are understood by all, a road mafacibtate the project, defined

objectives and tasks for the project leader, an inuevaluation stages to rank projects

and align resources (Cooper 1990).

Stage-gate systems achieve coordination and integravithin product development
through the gate review process between stagesvatienf the functions come together
and make decisions to determine if the project khoantinue. The stage-gate system
generally assumes sequential interdependence w¥ocihd be an appropriate fit in an
environment where all activities can be preplanaad the uncertainty levels are low
enough so that all necessary coordination and riatieq can effectively occur at the
review gates. This is a technical solution to therdination and integration problem by
providing a high level of definition to the devetopnt process with reviews of
substantial parts of the development work at speetipoints with a focus on providing

management control of the process.

Product lifecycle management (PLM) allows compamtemanage and control products
across their entire lifecycle, with the key innowatbeing the use of computer software.
PLM is portrayed as a holistic business activigttprovides a logical way to manage the

many tasks in each phase of the product lifecygtark 2005). PLM software is used to
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create and store information related to products autivities to ensure that the data can
be found and utilized as needed throughout the ymttsl lifecycle (Saaksvuori and
Immonen 2008). To achieve the objective of develgpiproducing, and supporting
products companies need accurate definitions ofdyms, details of processes,
organizational structures, working methods, proegsand people (Stark 2005). Similar
to stage-gate systems, PLM assumes sequentiallememdence and requires a detailed
understanding of the product and the processessageto bring the product to fruition
to achieve the full benefits. It is a technicalteys that can be used to ensure that the

right coordination can occur as needed with th@@rglanning.

Concurrent engineering is an approach to addressutitertainty and ambiguity that
exists in product development through the estafesit of concurrent work-flow and
early involvement of cross-functional product depshent teams (Koufteros,
Vonderembse et al. 2001). One means of conducbnguwrent engineering is through
the use of collocated dedicated teams. An exanfgl@owas the platform teams utilized
by Chrysler in the 1990s. The product developmeains had dedicated team members
from various functional disciplines including praduengineering, manufacturing
engineering, finance, and marketing who were allsptally collocated (Sobek 1997).
This allowed integration to occur by gatheringfalictions together to allow for mutual
understanding to occur. Problem solving was coretliby giving every team member as
much information as possible through cross-funeiommeetings allowing for
understanding of the concerns and issues of otbeb® considered as problems were
addressed cross-functionally (Sobek 1997). Thisragmgh displays an organizational
design approach to foster greater integration withprojects by facilitating
communication with direct contact as a collocatstr. The creation of teams is the next
countermeasure, beyond standardization, by plahrautual adjustment, for increasing
interdependence (Ven, Delbecq et al. 1976). Theaiseams facilitates and enables

mutual adjustment to occur more frequently.

The use of concurrent engineering assumes recipliatardependence is required

because components of the product are interdeperateh decisions made across
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functions are interdependent (e.g., product desmyoduct engineering, purchasing,
tooling design, manufacturing). Dedicated colledateams with many meetings is one
organizational design to deal with the high levels reciprocal interdependence.
Integrated product development expands on conduresrgineering by utilizing
heavyweight product development managers and metioadcrease information sharing
and availability in addition to concurrent engiriegrmethods (Koufteros, Vonderembse
et al. 2002). The problem-solving cycles, usedxecate product development, need to
be integrated both in terms of the timing of acti@md through communication between
upstream and downstream groups (Clark and Fujini®®1). Effective integration
requires attitudes, systems, and structures thgtastiproblem solving across traditional
organizational boundaries. Capabilities that enahiegrated problem solving include
understanding of the conditions required by othancfions within functions, quick
engineering cycles, and quick adjustments to urngrgdechanges (Clark and Fujimoto
1991).

Lean Product Development as an Approach to Sociadl& echnical Integration

What is Lean Product Development?

Lean product development is a development systesigued to enable people
development, problem solving, and organizationatrieng allowing the organization to
achieve its purpose. Lean systems seek to havdeprshdentified as soon as possible
(Liker 2004) and solved by the people closest o globlem since they have the most
thorough understanding of the issues (Spear andeBal®99). This includes making
people responsible and accountable for solving Ipros, while ensuring that they are
given the resources and support needed to dojtiesrsuccessfully (Shook 2008; Shook
2010). The role of lean tools is to make problenssbie, enable people to solve them,

and capture what is learned throughout the orgtiarzéliker 2004).

Lean development can be viewed as a socio-techsysttm approach, which recognizes

the interdependencies and influences between tbialsand technical systems of the
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organization (Pasmore, Francis et al. 1982; Mort@®v). For organizations to be most
effective, they should be designed with social teuhnical subsystems fitting the needs

of one another and the organization’s purpose (Besrfrancis et al. 1982).

An example of an integrated socio-technical prodietelopment system is Toyota’s
product development system. This is described bygsio and Liker as consisting of
three integrated subsystems that are: processlegyewmpl tools (Morgan and Liker 2006).
This model helps to understand how Toyota addreskeschallenges, including

achieving coordination and integration, of designeomplex products in a complex
environment. Toyota’s development system is cowtiisly evolving as new challenges
are encountered and must be overcome (Morgan akel [2006). Though Toyota’'s

product development system has evolved since thelaament of this model the lean

product development principles still hold and areald enough to be applied in other
development environments (Morgan and Liker 201Dbyofa has been able to achieve
integration within projects as well as across mtgdeading to a competitive advantage.
This is achieved through the use of several meshanithat allow for cross-functional

integration while developing functional expertiSehese mechanisms include mutual
adjustment, close supervision, integrative leadprsttandardized skills, standard work

processes, and design standards (Sobek, Liker E228).

Lean Product Development and Integration

The process subsystem refers to all of the tasédatkto bring a product from concept to
the start of production (Morgan and Liker 2006)od&ss standards are utilized to ensure
effective cross-functional coordination throughtle development process. Having an
understanding of how and when the work gets domeryene’s specific role and
responsibility, interdependencies, inputs, and wisgtor each task allows coordination
and integration to occur across functions (SobekerLet al. 1998; Morgan and Liker
2006). The consistency that comes with standardizedesses leads to better integration
across functions as understanding of what is eepesmtd what will be delivered is clear
(Morgan and Liker 2006). On the other hand the daesized processes need to be
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flexible, unlike some versions of stage-gate mqdelsdapt to all the uncertainties in the

development process.

The people subsystem refers to the organizationiélire including the organizational
structure, leadership styles, learning patterng] #me development of employees
(Morgan and Liker 2006). Product development, frmoncept to production, is led by a
systems-integrating chief engineer (Clark and Fafon1991; Morgan and Liker 2006;
Ward 2007). The chief engineer coordinates andyrates the work across the diverse
technical specialists in the process of vehiclesttgyment (Sobek, Liker et al. 1998). The
organization is organized around functions to fet#é the training and development of
experts with “towering technical competence” (Margand Liker 2006). The resulting
differentiation contributes to the challenge of iaging effective integration. The people
are the source of innovation, coordination and tdem. It is the people who are
constantly monitoring and adjusting the processaxlitions change and they must be

responsible and accountable for the targets akd tasy sign up for.

The tools subsystem consists of the tools and tdobies used to support the
development process. A standardized approach tolggnosolving using the plan, do,
check, adjust process through A3s facilitates tlhiual adjustment necessary to achieve
integration when solving cross-functional proble(@hook 2008; Sobek and Smalley
2008). Standardized designs enable a common uaddimsyy and support coordination
and integration across projects (Sobek, Liker e1298). Visual management makes the
current state and all deviations from the planglasso there can be immediate action to

put in place countermeasures.

The Role of Value Stream Mapping in Organizational and Technical Integration

Lean Thinking identifies five lean principles to aid in the tsition of traditional
organizations to lean organizations. These priesiphre specifying customer value,
identifying the value stream, making value flow hatit interruptions, letting the

customer pull value, and pursuing perfection (Wdkmaod Jones 2003). Mapping the
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entire value stream allows for the identificatidropportunities for improvement that can
enable value to flow and be pulled by the custofRether, Shook et al. 2003; Womack
and Jones 2003). Value stream mapping is an eabtydl that:
* Helps you visualize more than just the single-pssdevel and see the flow.
* Helps you see more than waste. Mapping helps yethsesources of waste in
your value stream.
* Provides a common language for talking about pseE®es
* Makes decisions about flow apparent, including ¢hasross functions, so you
can discuss them, thus preventing decisions beadgrby default.
» Ties together lean concepts and techniques, whalgsavoid “cherry picking”
* Provides a shared vision of a desired future $taédign actions around a
common vision.
» Forms the basis of an implementation plan by hglpmu see and design how the
entire value stream should flow.
* |s a qualitative tool used to describe in detawhmu should operate to create
flow. (Rother, Shook et al. 2003)

Value stream mapping can be a valuable tool fomgidn the transition to a lean
enterprise. Mapping of the current state identiffess current processes, highlights waste
and opportunities for improvement, gets the wholeug engaged in seeing the waste,
and provides a foundation for improvements. Thearkistate map provides a vision for
how the process will operate with reduced lead timthe future. The future state map
then becomes the current state map, as improvewpeottunities are realized, and a new
future state vision for the next round of improvenseis created (Rother, Shook et al.
2003).

Although originally developed for manufacturing,lv@ stream mapping can be used
very effectively in complex environments such asdoict development (Morgan 2002;
Morgan and Liker 2006). Many of the benefits ofueaktream mapping previously noted
are even more valuable in complex environments thamanufacturing. Value stream

mapping fosters integration through the common tstdeding of processes, causes of
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waste, and how the work of functions fits togetfdre cross-functional nature of product
development with parallel and highly interdependasks makes the ability to see the
whole process and where waste exists highly vadudbt identifying improvement
opportunities (Morgan and Liker 2006).

Value stream mapping can help ensure a thorougérstashding of:

* The details of how the work actually gets done.

» Each participant’s specific roles and responsibdgit

» Key inputs, outputs, and interdependencies for eatkity.

» Sequence of activities in all functions.
These all need to be understood for effective doatwn in cross-functional work
(Morgan and Liker 2006).

A highly effective means for creating value streamps in product development is
through the use of value stream mapping worksh@psse workshops are done with
cross-functional teams with current state and &tstate maps being created. The
creation of the maps with cross-functional teanhewa for dialogue on the process and
the development of common objectives (Morgan ariagiL2006). These events can be

very valuable for achieving integration.

The Role of Obeva in Organizational and Technical Integration

The obeya (literally “big room”) was first used in the develment of the Prius at Toyota
to facilitate cross-functional integration (Itazak®99; Liker 2004; Morgan and Liker
2006). The unique nature of the project and thecsiein of a chief engineer, Takeshi
Uchiyamada, without a typical chief engineer baokgd required an organizational
innovation to effectively develop the vehicle (B&ez 1999; Liker 2004; Morgan and
Liker 2006). The obeya utilized a cross-functional team of experts cooating

development work in a room with relevant informatmosted on the walls. In some ways

it is like collocated teams, though team membegsat necessarily dedicated to that one
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project and they generally have offices outsidehef room. Theobeya is effective at
integrating product development while enabling fasd accurate decision making,
improving communication, and maintaining alignmdrgtween functions. Thebeya
allows for quicker decision making and conflict okegion as all of the key people are
gathered together and working from the same inftiondo solve cross-functional issues
(Liker 2004).

Obeya has also been an effective tool to introduce dis@d problem solving leading to
stability, which is necessary for effective cooation (Thompson 1967). At North
American Auto Supplier this was done through crosstional development of
schedules and plans. Thbeya was used to drive cross-functional teamwork, engrow
teams, and enable plans to be executed througth pégm-do-check-adjust (PDCA) loops
(Baker 2011). Theobeya provides an environment for PDCA loops to occur enor
frequently as it enables the process to occur tenads cross-functional integrating
meetings are scheduled. Plans are posted on th& at@ating an environment for visual
management. Visual management makes it immediat®hipus when work is deviating
from the standard (Hirano 1995; Liker 2004). Irsthiay PDCA and visual management
allow for real time problem solving to occur as gd@etween actual and target conditions
are addressed (Baker 2011).

The ability to check, adjust, and plan is espegiatiportant in uncertain environments.
Rother describes this process of continuous impnave, observed at Toyota, as a set of
practiced routineskéta) driving toward explicit “target conditions” (Rath 2010).
Target conditions are simple and measureable degitare states on the path towards
your vision. Since the environment is always chagdhe path between the current state
and the final results is unclear. This level of entainty leads to an approach of engaging
in several small plan-do-check-adjust (PDCA) cydtesused on achieving shorter-term
target conditions. This allows learning and adjwesitnbased on that learning, to find the
path to the target condition. Toyota places emhasi conducting quick PDCA loops
allowing for greater learning to occur and for wisbeing learned to be included in the
plan stage of the next PDCA cycle (Rother 2010).
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In addition to providing a forum for quick learningycles theobeya facilitates
coordination and integration of the developmentpss through visual management and
accelerates the frequency of coordinating and rategy activities. Participants in the
obeya process have instant visibility to details, comma@hts made, and task dependency
as all key information is posted. Putting the remaole party’s name next to completion
dates drives accountability as it is evident if i@k was not completed in the following
meeting (Morgan and Liker 2011), which results tabdity as commitments made are
met. The visibility also makes interdependencieg@ls creating awareness of how the
work needs to integrate together. The use ofdbmya process allows for real time
mutual adjustment as plans deviate, allowing irgegn and coordination to be achieved
(Lawrence and Lorsch 1969; Baker 2011).
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Table 3.3: Approaches to Achieve Integration

Approach to Integration

Methodology

Interdependence
Assumptions

Key Tools

Stage Gate System

Reduce variation by defining the
innovation process in stages with-
predetermined activities

— Use quality checkpoints to -

determine if the project proceeds
to the next stage

Sequential within
defined stages
Reciprocal at gate
reviews

High level definition of
development process to provide a
common understanding of
requirements

Gate reviews to establish
discipline, evaluate projects, and
align resources

Product Lifecycle
Management Software

Manage product lifecycle by
defining and making available all-
information related to the product
and related activities

Sequential with all
aspects defined

High level definition of
development process to provide a
common understanding of
requirements

Software allowing access to alll
project information

Concurrent Engineering:
Dedicated Collocated
Teams

Cross functional teams are
dedicated to the development
team sharing all information to
ensure mutual understanding

Reciprocal with

mutual adjustment —

in meetings

Dedicated collocated teams

Lean Product
Development

Cross-functional teams meet to
resolve cross-functional issues
and achieve mutual -

understanding while remaining in  mutual adjustment

functional areas to maintain
technical competence

Reciprocal with

Standardized processes to achieve
an understanding of expectations
Chief engineer to coordinate and
integrate work across functions
Obeya to highlight and enable the
solving of cross-functional issues



Lean Deployment Perspectives

To successfully deploy lean product developmemteitds to be looked at as a whole
system. Implementing a few of the techniques, withotegration of the entire system,
will not lead to substantial benefits (Karlsson akfustrom 1996). Though some gains
can be achieved through the use of technical ta®lsolutions to particular issues, it will

not lead to a transformation into a sustainablmieg organization.

A key tenet in lean is that there is no one rigaywo do something and that the approach
taken is dependent on the particular situationated. This is reflected in the view that
engaging in a continuous learning process is m@ortant to lean deployment than
implementing the right tool. And thus it followsathsince every organization is different
there can be no one universal road map for becordag (Liker and Meier 2006;
Morgan and Liker 2006).

There are key attributes that must be achieved@aratransformation. In order to create
a culture of continuous improvement basic proceabilgy must first be achieved. A
focus on stability ensures a consistent level glbdity to produce consistent results to
create a foundation for improvement (Liker and M&@06). Once foundational stability
has been achieved efforts can focus on establishioglture of problem solving and
continuous improvement by providing people with thels and resources needed to
identify and solve problems. Defining appropriaghévior, providing training to support
the behavior, and creating a support system tdai@ the behavior can be an effective
method to change the culture of an organizatiorog8h2010). Creating a system of
highlighting problems, making solving problems witth placing blame an essential part
of the job, and creating a support structure thaabtes people to do their jobs

successfully can facilitate the adoption of a lsgstem and culture (Shook 2010).

Though there are few documented examples of suotesansformations of lean
product development those that do exist maintarstime focus on establishing stability,

enabling problem solving, and continuous improveimas seen in successful lean
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manufacturing transformations. For example ChaBeker of North American Auto
Supplier treated lean transformation as a procesarmsforming people and developing a
problem solving culture. This was achieved using phan, do, check, adjust problem
solving methodology, formalized through A3 repagtino bring stability to the product
development process and to enable other lean todie used at North American Auto
Supplier (Baker 2011). Similarly, Ford Motor Compafocused on transformation
following lean product development principles topgart a lean culture and create
stability through standardization and the use efdbeya to manage the transformation
(Morgan and Liker 2011).

A common theme across lean deployments is stantitigtechnical changes, primarily at

the process level (Liker 2004), with working levpkeople and managers taking
responsibility for the changes so they develophasptroject is carried out. Focusing on
the technical changes that support the desiredireuttan be an effective means for the
transformation to a lean product development sys{dladler and Tushman 1980;

Morgan and Liker 2006; Shook 2010).

Case Background

The in-depth case study focused on one companylg stages of lean transformation
which began with two pilot product development peogs. The focus here is on one of
those projects. The organization is a wholly oweelsidiary of a Fortune 500 company
that produces gas turbine generators, and wilh&urtbe referred to as Turbine Gen.
Turbine Gen had historically been very success$iad, success with lean manufacturing,
and viewed the deployment of lean methodology idpct development as an
opportunity to improve operational performance. d¢io Turbine Gen operates in a
unique environmental context it is hypothesized tha learning and experiences from
the unique challenges and experiences Turbine Geedf can lead to a general
understanding of the enablers for successful legogiments. The case focuses on how
value stream mapping ammtdeya can be used to enable a cultural transformatianléan

organization.
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This case study represents one pilot project withinarger effort towards lean
transformation. The overall effort is discussecattyihere and in greater detail in Chapter
2: Lean Product Development: A Comparative Caselysisof Rational Planning and
Disciplined Problem Solving Approaches. Though ThebGen had been successful, the
organization was not meeting commitments in terrhsime-to-market, product cost,
sales volume, quality, and budget and saw the im0 principles as an opportunity to
enable the organization to meet commitments. Th&tines taken to address the gap
between the current conditions and the target t¢omdiof meeting commitments
included:

» Frontload the project in the concept phase.

* Manage the development pipeline — leveling of pobdaunches and engineering

resources.

* Adopting lean principles in product developmentti@ty in two pilot projects).

The case study is of one of the pilot projects $oog on how the lean tools of value
stream mapping andbeya were utilized to effectively and efficiently mareaghe

development while introducing lean principles.

Similar to Toyota’s selection of a chief engineethwut a traditional chief engineer
background when a new way of developing vehiclesugh the Prius project was
developed (ltazaki 1999; Liker 2004; Morgan andeki?006), Turbine Gen selected a
project manager without the strong technical bamligd of a traditional project manager,
but with the appropriate skill-set to lead a projesing theobeya process. Team
members initially had a lack of respect based @nlelel of technical depth, which the
project manager had to overcome with his approashanaging the project. The project
manager, who had an engineering background, hadbpseexperience working directly
with customers and with downstream partners ofpifueluct development organization
both within the case study organization and in iotirganizations. The project was an
upgrade of power of an existing turbine power gatwer selected because it was a
significant project, but would be completed in lésan 1.5 years, so they could learn

from it relatively quickly.
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Case Description

Value Stream Mapping: Initial Team Creation of theroject Plan

The project was kicked off with a cross-functiotedm participating in a three day value
stream mapping workshop. The workshop consisteth@fcreation of a current state
map, identification of wastes and opportunities ifaprovement, and the creation of a
future state map, which became the basis of thegmgxogram plan. This process
brought the whole team together in a forum thatoksththe understanding of others’
work and the interdependencies between the diffdterctions. It also gave visibility

and showed how everyone’s work connected to theatiyigoject.

The current state map was created based on sidant projects that had taken between
24-27 months to complete. The map was like a maitiiitx time across the top and swim-
lane columns each focused on the work done witlitmation. Thus the functional tasks
were clear and the interdependencies between tunsctvere visible.

Value stream mapping identified waste-drivers timafuded batching, lack of scope
clarity, scope creep, work within functional chinggeand communication breakdowns.
The batching of work resulted in large amounts afkwmoving through the system,
without visibility to the amount of work that wasming. Scope clarity was related to a
lack of specifying what was out of scope. And scapeep was a result of market
changes leading to changes in the scope of thegtrdfhese changes were often made
without an understanding of the interdependencied potential amplifying effects
throughout the project. Making the work visual nmkeeasier to see the effects and
consider those effects when making decisions ongihg the scope of the project. Work
within functions was of a “waterfall” fashion in vdh early stages were handled by
product engineering and then “thrown over the watlownstream functions” who had to
fix the work so they could source tools and patsate and test tooling, and prepare the

factory. Communication problems occur when peopdéa@rassumptions on others’ work
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that may not always be accurate. When the assunspaoe wrong about how work

interrelates it can cause large amounts of waste.

Countermeasures to overcome the issues identifieigh the mapping of the current
state were developed. This included the creatiom gtope document to address the
scope creep and scope clarity issues that defiled was in and out of scope. Visibility
of the wastes related to batching and communicassnes allowed the work to be
planned differently to minimize those wastes. Timsluded minimizing rework loops
through better communication and leveling delivégalto not overwhelm suppliers. This
resulted in the resources from all functions fa fnoject being front-loaded in the early

stages of the project which also led to simultasesngineering.

The countermeasures were incorporated into thedgiate map that was developed for
the project that had a reduced timeframe of 18 hwnthe creation of the future state
map included starting at the beginning and planhiog long the work should take. The

creation of the future state map by those workingtlze project established a shared
vision of how the project should be executed. Koahkllowed participants to take

ownership and accountability for the work plansytloeeated. The future state map
became the plan for the project setting the stahdémrough the value stream mapping
process each discipline established their commitsnneach other.

Obeya: Effective Project Execution

Once the future state standard for the project pthbeen created tlbeya was used to
effectively execute the project. The use of theya allowed for frequent checking and
adjusting on the project as performance was condgaréhe standard.

What should be included on the walls of tiya was driven by what was of value in
executing the work. The only standard imposed at likginning of the project was
allocating wall space throughout the room by fumctiThe participants discussed the key

program objectives and were encouraged to post thigtfelt would be of value to help
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them effectively complete the project and achidwase objectives. These included cost,
quality, and timing metrics. As participants saw ttalue of the tools used by others they
adopted them and began using them. Additionallytiggpants treated the tools created
by others as the standard and built off of thenhwitremental improvements to make
the tools more valuable and created a new stan@anding the weeklyobeya meetings
the project manager frequently noted the toolsdeased that were effective, which may
have contributed to the adoption of the tools blgecd. The project manager gave
recognition for tools that were working effectively give credit to those who created
them and to encourage other team members that sterggling to consider adopting

them.

One example of a tool that was developed by onelmeemand became adopted as a team
standard became known as a “Nick Chart”. The toa$ walled “Nick Chart” because
Nick created it and others started to use it agag perceived as being a valuable tool.
“Nick Charts” provided a visual display of delivetas, status, and who is accountable
for the work. A color coded scheme was used farvdedbles with the following scale:

* Cool mint green — On schedule, no work in process

» Dark green — In process

» Dark green w/ checkmark — Complete

* Yellow — Risk identified, working on a resolution

* Red - Team deliverables impacted

A key part of the use of this tool was that it waeated by a team responsible for the
work and thus was owned by the people accountablihé work rather than imposed by
the consultants or a staff organization. This ieaklso an example of project members
building off of tools to increase the effectivene$she tool. “Jill's cool mint green”, was
used to represent things that are on scheduldpbuthich there is no work in process.
This serves to distinguish from the dark green uea@present that work is on schedule
and in process. This makes it visually evident wisabeing worked on and what is
planned to be worked on. By referring to it asl'§licool mint green” credit for the

improvement of the tool is given. Through the uséNick Charts” the schedules made
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through the value stream mapping process werelatadsto individual work plans and

established a standard that could be easily chemk@@djusted on a weekly basis.

Within the obeya all of the project information that team membédmk is relevant is
displayed, which creates transparency. Having ttiermation displayed “lowers the
walls” between the functions of the organizatiomjoh fosters collaboration and enables
alignment between functions through visual commationi. The meetings that happen
through theobeya process facilitate the identification of crossdtianal issues and
problems, which can then be addressed and solviedede meetings. Through this
process a resolution or plan or progress towardssalution is expected by the next

meeting.

A key part of theobeya process was how the cross-functional meetings were This
entailed each function “walking the walls” and rdpwg out to the team from their
section of the wall. This included managing by exime and only spending the cross-
functional time if something was off target (schiedweost, and quality) and needed to be
addressed rather than spending meeting time disgusssks that were on target. This
directed attention to the issues that need to $elwred and allowed efforts to be focused
on those issues. Following meetings it was comnwohave smaller groups of two to
three people, on average, discuss the issuedthaheed to resolve together.

The visual clarity of the interdependencies alsabéd the responsibility for capital
expenditures to be allocated to the functions usiheg capital. Historically all capital
responsibility and accountability were located asign engineering and manufacturing.
Under that structure a system that enabled deasionbe made with incomplete or
inaccurate information existed. The visibility assothe functions through thabeya
enabled accountability to be placed at the locatidrere the information existed and

decisions were made.

Theobeya also offered an effective means of giving projgutates as all relevant project

information was posted on the walls of the room.eWliPowerPoint presentations are
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created to give updates it can appear that the iddtaing presented from a particular
perspective and data might not be included thagropierspectives would find relevant
(Tufte 2003). When updates were given in tiheya the walls were walked discussing
the status of the work with focus on the issuedliggted by ‘Andon lights”. Andon
(literally “lantern”) lights are used to signal alsmal conditions to highlight deviations
from the target through a visual indicator (Suze®87). And when questions were asked
they could be addressed by looking for the datthénrelevant part of the room. This
style of presenting made it very evident that thresentation wasn’t being manipulated to
show it from a particular angle. And when it wasessary to create a PowerPoint
presentation it could be done much more efficieatiy effectively by doing it within the

obeya, where all relevant information was located onwiadis.

Theobeya is a dynamic tool that supported modifying of gheject as needed along with
the modification of the tool itself to support therk as needed. As the group matured
and tool improved the length of the weekly meetinigereased from one-and-a-half
hours to forty-five minutes as the tool allowedreased efficiency while maintaining
effectiveness. The room progressed and was adaptdgthuously, but can be viewed as

moving through three generations of improvements.

Obeya: Phase 1

The room was initially only labeled by the sectiaighe wall owned by each function
with freedom for team members to include anythimat they felt would enable them to
do their work. This resulted in a lot of informatibeing displayed on the walls. Though
it wasn't clear how all of the information on thaNs fit together. At this stage tlobeya
was effective for supporting the work of the tedmat it was difficult for people outside

of the team to understand.

In response to the room not working effectively father people to come in and
understand, category signs were brought in sudmascial and quality. Team members

were encouraged to put up these categories if dpgjied to their part of the project.
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Additionally, if it applied to you, but you hadréddressed it yet you were encouraged to
put up a construction sign. The construction sigas wneant to give visibility that it

would be addressed.

The team struggled through what the appropriatés teloould be for quality. Though it
was important for the team to take ownership amater or borrow tools that they found
of use to effectively complete the project, whea tsam struggled to create those tools a
quality expert within the organization developetbal for quality. This is an example of
the team needing to be given the proper supportrasdurces needed to do their job
effectively. The team members were still respomsibl taking ownership for quality for
their portion of the project. Support was providedievelop a quality tool, though it was
not an external entity being responsible for thaliggor policing the quality aspects.

At this stage of the project, participants wererbaing best practices from each other.
When tools that were developed were valuable theyewdiscussed and frequently
adopted by others. There was also clear visibtlityinterdependent relationships that
allowed savings opportunities to be seen and m@liFor example when engineering
was considering making a change manufacturing viaées @ highlight how it would

impact the cost and engineering decided to not nilakechange based on the visibility
for how it would impact other aspects of the proj@te visibility to data and impact on
other areas allowed the right business decisiongsetanade since the big picture and

aspects of the business model were understood.

Overall in the first phase of thebeya the team was taking responsibility by taking
accountability, being committed to the team and many, and feeling empowered to
take ownership of their part of the project. Thantés performance was exceeding the
average in the company with good visibility to wiaats happening within the project. It
was increasingly clear that the minimum requireméott the project would be met.
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Obeya: Phase 2

The transition between the first phase and therskghase of th@beya progression

represents the point when it was clear that thgeprdiad obtained engagement from
participants and was exceeding the performancenoéwerage project. This level of
performance alleviated concerns for success witleva way of managing development
and provided a baseline for the process to conttougrogress. This phase continued
with compliments and discussions when tools weredgdeam members started using
the best tools created by others at a frequendydatido some standardization of the tools

used.

At this stage each function had their individuadnd that they created and were taking
accountability for, which fit together and rolleg-unto the overall project plan. This
ensured that decision making and accountabilityevirethe proper place based on where

information within the organization existed.

Though the room was functioning well there werdl séicognizable opportunities to
continue to improve upon. The status of the projeasn’t as visibly evident as it could
have been. This included lots of information onwedls that wasn't technical and didn’t
contribute to the message. This created noise @neldaconfusion. There were also tools
that weren’'t being utilized that added to the euttFor example, cross-functional
whiteboards, that were intended to be used for ngakbte of issues, when they needed
to be resolved by, and the status on the issues m@rbeing used effectively. And thus it
wasn’'t clear what cross-functional issues existed # they were being worked on.
Struggles at this point also included it not beispally clear what the deliverables were
from a project management standpoint and the taots charts being used were not

intuitive to understand and not necessarily cleahow they connected to the program.

The visual management within tbhbeya wasn’t working effectively for those outside of
the project, including managers, to see what wagspéwring with the project. To

overcome this, the high level status was includedh@ door of thebeya, so that the
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overall high level status could be quickly seendAaor greater detail people could walk
into the room and see the details to understand whas happening. Through this phase
the team was performing well and tools were beirgetbped, praised, adopted, and
improved across the project team.

Obeya: Phase 3

In the next phase of thebeya room, to overcome weaknesses with issues not being
highlighted, ‘Andon lights” were added. These were signs that wergyeltbw, or green

to show the status of the project. Green repredehtd things were on track, yellow that
there was an issue that needed to be addressetkdatitht there was a problem that was
detrimental to the program. This allowed managiygelkception as things that were
green didn’t require discussion and efforts colleint be focused on the yellow and red
issues. The use ofAhdon lights” at this stage of the project had a dramaffect on the
functioning of the weekly meetings within tlebeya. Prior to the use ofAndon lights”
there would be a lot of off-topic conversations weng during the meetings. After the
“Andon lights” had been introduced, conversations wereused on the problems.
Discussing problems as soon as they were evidemst gaportunities for cross-functional

issues to be discussed cross-functionally.

There was also continuation of the progress of tesambers adopting the tools others
developed as they saw the value and effectivenedgedools used by others. This was
the case for one section of the room that was higimovative. Discussions of the value
of the tools led to other participants pulling thefor their own use leading to
standardization of the lower level tools being yseten they were of value. At this
phase of the project all team participants had tdbfiNick Charts”. This resulted in an
environment where it was visually clear what eaod avery member of the project
needed to accomplish and deliver to be able to wai&y from the project. It also made
the interdependencies between functions and taskdywobvious. Puzzle pieces were
also introduced and put on the walls to repredmaitwe all have a part in it and none of

us are the whole part.
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Case Analysis

Achievement of Integration

By creating the value stream map through a crosstiional workshop integration began
with a common future state vision and engagemerteain members in the planning
process. Involvement through the value stream nmgpprocess created an empowering
environment by letting team members plan their swank. This was feasible because the
value stream map gave visibility to the tasks, waahd interdependencies of the work
giving the team members the knowledge needed to tphkeir own work, while ensuring
the overall project could be completed effectivdliis continued through the use of the
obeya as the interdependencies were evident and droyalgoeo be accountable for their
commitments since the impact on the rest of thgeptavas clear if commitments were
missed. The visibility to the interdependencies bég team members to find

opportunities to better coordinate and integragevibrk.

Traditionally in many organizations, including thase study organization, the project
manager is responsible for creating the projech ftfam the start to the finish of the
project. To be effective project managers needntdetstand the tasks, people involved,
and interdependencies across the project, whichbeawvery difficult to do in complex
environments with traditional tools like Gantt dsarThe value stream map overcomes
this short coming through the creation of the ppbj@an by the cross-functional team.
This includes discussions of the interdependenaied how to remove waste, that
becomes visible, when a shared understanding cfitisgtion exists. The visual nature of
the obeya removes the burden from the project manager tq kesck of all of the
interdependencies independently. Toiwya enables it to be visually clear what the
deliverables are and who is accountable thus emgalitidividuals to coordinate their

work.

The visual nature of thebeya facilitated integration through the understandaoighe

interdependencies between functions. Puzzle pievese used to emphasize that
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everyone has a piece of the project that fits togreto form the overall project. This
understanding drove accountability as the effedtsi@ making commitments were
evident. Posting all of the relevant informationthe obeya ensured transparency and
clear communication within the project. It also maticlear when key information for
the project was not posted allowing the absencgatd to be addressed before it led to
problems in project execution. Overcoming this tsyveonstruction signs were included

to acknowledge awareness of things that had ndigen addressed.

Lean Deployment: Enabling Problem Solving

The value stream mapping process created thelipita for the project, which was
continuously checked and adjusted through the weeildetings in theobeya. This

ensured that plans were developed and evolved awtlireness of consideration of the
interdependencies between function. Tdteya ensured that the PDCA cycle was
occurring on a weekly basis with the team workiogether to effectively achieve

smaller targets.

The weekly meetings in thabeya resulted in quick PDCA cycles not just for thejpob
plan, but also for the tools to support effectivejgct execution. The same approach for
making adjustments to the project was used fotdblks to support the process. Each was
a problem solving process executed through PDCAesyd he addition of the high level
status on the door to tlobeya and the modification of “Nick Charts” are examptéshe

adjusting done through this process resulting énrdom being more effective.

The obeya was a key enabler to allow managing by exceptioodour. Managing by
exception entails only focusing on an issue wheteuiates from the schedule, target, or
standard. The gap between the actual conditiontamthrget condition signals that there
is a problem that needs to be addressed (LikeiHarsgus 2008; Rother 2010; Liker and
Franz 2011). The identified problem may indicatat $omething needs to be adjusted so
that the target is met or that the plan may nedoetadjusted (Liker and Hoseus 2008).

Several of the lean tools that became standartiseiproject were to facilitate managing
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by exception to occur including “Nick Charts” andrition lights”. These tools made it

visibly evident when plans were deviating allowiegergy and effort to focus on the
resolution of those problems. These tools effettihgghlighted problems and signaled a
call for help to address the cross-functional isswgth the people impacted involved

rather than the entire team needing to be involved.

Discussion

Value stream mapping ammtbeya were effective enablers of project execution tgiothe
plan, do, check, adjust method of problem solviflge project was completed ahead of
schedule in 17 months, instead of 18 months asdstde, and quicker than the typical

24 months of similar projects. All other objectiwgsre either met or exceeded.

Using theobeya was a new approach to managing a project withirbifie Gen, which
presented challenges. These challenges includeédgyééam members engaged in the
new process including earlier involvement and tieissof accountability and decision
making between functions. The integration achiethedugh the value stream mapping
workshop andbeya process helped to overcome these challenges. fldativeness of
the approach with the understanding of the intezddpncies facilitated the ability to get

buy in from team members as the value of the t@d avident.

There were several key enablers that led to theesscof theobeya process for project
management. There was executive support for thegirovhich conveyed to the team
members that this approach should be taken seyiansl helped to overcome barriers to

Success.

Additionally, there was a large focus on gettingagement of the team members to see
the value of the tools to support them to effedyivdo their work. This was achieved
through the approach taken in introducing the taold the managing style of the project
manager. By only standardizing at a high level $betions of the room it enabled the

team members to develop and modify the tools soitiey enabled them to do their work
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effectively. This was facilitated by having a prdjenanager who was an effective coach
in getting people to see the value of the toolsshgouraging and giving credit to the
team members who developed effective tools, su¢Niak Charts”. The standardization
that emerged through tlobeya process was a result of team members seeing the wél
tools and using the tools that supported their wamnki made their jobs easier. This
approach of coaching to get employee engagemerie vphoviding support to work
effectively, with an understanding of customers aoavnstream partners, enabled the
project manager to earn the respect of team members

The visual nature of thebeya makes it clear what everyone needs to do for tbggt to

be successful, which led to greater collaboratiosueing the project goals were realized.
This contrasts with traditional project managemehere the leader has to serve as the
coordinator between functions and focuses efforts tojing to determine why
commitments aren’t being met. Managing by excepimeffective at focusing on the
issues that need resolution rather than focusimg &nd effort on the tasks that are on
schedule. This visibility ensured that if alignmevrdsn’t achieved it could be recognized
and actions could be taken to resolve the issudmguicker than when traditional means

of coordination were utilized.

By the team members posting information and dewetpghe tools to help them
effectively execute the project the visual manageéme&asn’t always effective to
communicate to people outside of the project. Thoiigs helpful if management can
understand the visual management, it is more impothat the system supports the team
to be effective. That is why it is important to the standards used evolve out of what is
effective for the team rather than imposed from-dogn to standardize for
communication to management. Lean aims to suppertpeople closest to the work
(Spear and Bowen 1999; Liker 2004). This includgeally to management when help is
needed, but that should not replace effective téamstioning. Supporting the team’s
ability to function is the primary goal of tlabeya and communication to others outside

of the project is a secondary goal.
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Value stream mapping andbeya are effective enablers of achieving objectives in
product development projects while supporting tBe of lean principles. These tools
facilitate the coordination and integration of freduct development process, which are
some of the greatest impediments to the problemrgpprocess. These tools support and
enable people to do their work effectively andaaéintly.

74



References

Baker, C. (2011). Transforming How Products are ik®gyed at North America Auto
Supplier._The Toyota Way to Continuous Improvemdntiking Strategy and
Operational Excellence to Achieve Superior Perforoead. Liker and J. Franz.
New York, McGraw-Hill.

Barrett, C. W., C. S. Musso, et al. (2009, Februa@l1). "Upgrading R&D in a
downturn." The McKinsey Quarterlyrom http://www.mckinseyquarterly.com/

Brown, S. L. and K. M. Eisenhardt (1995). "Proddetelopment: Past research, present
findings, and fu."_Academy of Management. The Acageof Management
Review2((2): 343.

Clark, K. B. and T. Fujimoto (1991). Product Devmieent PerformanceBoston,
Massachusetts, Harvard Business School Press.

Cooper, R. G. (1990). "Stage-Gate systems: a nelfts managing new products.
(conceptual and operational model)." Business losz33(n3): p44(11).

Daft, R. L. (2004)._Organization Theory and Desilason, Ohio, South-Western
College Publishing.

Daft, R. L. and R. H. Lengel (1986). "ORGANIZATIONA INFORMATION
REQUIREMENTS, MEDIA RICHNESS AND STRUCTURAL DESIGN.
Management Science (1986-1932)5): 554.

Eisenhardt, K. M. (1989). "Building Theories Fromase Study Research.” Academy of
Management. The Academy of Management Revié): 532.

Galbraith, J. R. (1973). Designing Complex Orgainires Reading, Mass., Addison-
Wesley Pub. Co.

Galbraith, J. R. (1974). "Organization Design: Amformation Processing View."
INTERFACESA4(3): 28-36.

Galbraith, J. R. (1982). "Designing the innovatimgganization." _Organizational
Dynamics10(3): 5-25.

Hirano, H. (1995). 5 Pillars of the Visual Workpga®ortland, Oregon, Productivity, Inc.

Holman, R., H.-W. Kaas, et al. (2003). "The futwt product development.”" The
McKinsey Quarterly Retrieved March, 2011, from
http://mckinseyquarterly.com/

Itazaki, H. (1999). The Prius That Shook the World

Karlsson, C. and P. Ahlstrom (1996). "The DifficBlath to Lean Product Development.”
Journal of Product Innovation Managem#8&4): 283-295.

Koufteros, X., M. Vonderembse, et al. (2001). "Qament engineering and its
consequences." Journal of Operations Managefr#¢h): 97-115.

Koufteros, X. A., M. A. Vonderembse, et al. (2002ntegrated product development
practices and competitive capabilities: the effeétancertainty, equivocality, and
platform strategy.” Journal of Operations Manager2é(): 331-355.

Lawrence, P. R. and J. W. Lorsch (1967). "New manant job: the integrator.”
Harvard Business Review

Lawrence, P. R. and J. W. Lorsch (1969). Orgaromatind Environment: Managing
Differentiation and Integratiollomewood, lllinois, Richard D. Irwin, INC.

75



Liker, J. and M. Rother. (2011). "Why Lean Progrdfad.” Retrieved 2/28/2011, 2011,
from http://www.lean.org/admin/km/documents/A4FF50A9-828FD-BB1F-
CB93D52E1878-Liker-Rother%20Article%20v3_5 CM.pdf

Liker, J. K. (2004). The Toyota way: 14 managenyeiriciples from the world's greatest
manufacturerNew York, McGraw-Hill.

Liker, J. K. (2004)._The Toyota Way: 14 Managememinciples From the World's
Greatest ManufactureNew York, NY, McGraw-Hill.

Liker, J. K. and J. K. Franz (2011). The Toyota WayContinuous Improvement:
Linking Strategy and Operational Excellence to Aelei Superior Performance
New York, McGraw-Hill.

Liker, J. K. and M. Hoseus (2008). Toyota Cultuf&e Heart and Soul of the Toyota
Way.

Liker, J. K. and D. Meier (2006). The Toyota WaglBbook

Lovelace, K., D. L. Shapiro, et al. (2001). "Maxamimg cross-functional new product
teams' innovativeness and constraint adherence:ofli@ communications
perspective.” Academy of Management Joud#iéd): 779.

March, J. G. and H. A. Simon (1958). Organizatiddesw York, Wiley.

Morgan, G. (1997)._Images of OrganizationBhousand Oaks, California, SAGE
Publications

Morgan, J. and J. Liker (2011). "Lean Product Depsient as a System: A Case Study
of Body and Stamping Development at Ford." EngimgeManagement Journal

Morgan, J. M. (2002). High performance product demment: a systems approach to a
lean product development process

Morgan, J. M. and J. K. Liker (2006). The Toyoteoguct development system:
integrating people, process, and technolddgw York, Productivity Press.

Nadler, D. A. and M. L. Tushman (1980). A Model fDiagnosing Organizational
Behavior._Organizational Dynamic&merican Management Associations.

Pasmore, W., C. Francis, et al. (1982). "SociotmehnSystems: A North American
Reflection on Empirical Studies of the Seventiddtiman Relations35(12):
1179-1204.

Rother, M. (2010). Toyota Kata

Rother, M., J. Shook, et al. (2003). Learning te: s&lue stream mapping to create value
and eliminate mudarookline, MA, Lean Enterprise Institute.

Saaksvuori, A. and A. Immonen (2008). Product lyfde Management Berlin,
Heidelberg, Springer-Verlag Berlin Heidelberg.

Shook, J. (2008). Managing to Led@ambridge, MA, Lean Enterprise Institute.

Shook, J. (2010). "How to Change a Culture: Lesserem NUMMIL." MIT Sloan
Management Reviewl1(2): 63.

Smith, P. G. (2007). Flexible Prodcut Developmdatilding Agility for Changing
Markets

Sobek, D. K., Il (1997). Principles that shape piciddevelopment systems: a Toyota-
Chrysler comparisan

Sobek, D. K., Il, J. K. Liker, et al. (1998). "Arngr look at how Toyota integrates
product development. (Toyota Motor Corp.)." HarvBukiness Review76(n4):
p36(12).

76



Sobek, D. K., Il and A. Smalley (2008). UnderstamdiA3 Thinking: A Critical
Component fo Toyota's PDCA Management SystBaca Raton, Productivity
Press.

Sobek, D. K., 1I, A. C. Ward, et al. (1999). "Toat principles of set-based concurrent
engineering."” Sloan Management Revié2): 67(1).

Spear, S. and H. K. Bowen (1999). "Decoding the DbfAthe Toyota Production
System." Harvard Business Revi&&(5): 97.

Stark, J. (2005). Product lifecycle management:t ZEntury paradigm for product
realisation London, Springer.

Suzaki, K. (1987)._The new manufacturing challen¢echnigues for continuous
improvementNew York : London, Free Press ; Collier MacmilRuablishers.
Thompson, J. D. (1967). Organizations in actiortiaoscience bases of administrative

theory New York, McGraw-Hill.

Tufte, E. R. (2003). The cognitive style of Powdr.oCheshire, Connecticut, Graphics
Press, LLC.

Tushman, M. L. and D. A. Nadler (1978). "Informatiprocessing as an integrating
concept in organizational design.” Academy of Mamagnt. The Academy of
Management Review (pre-198&)000003): 613.

Ven, A. H. V. D., A. L. Delbecq, et al. (1976). "@2eminants of Coordination Modes
within Organizations.” American Sociological Reviédi(2): 322-338.

Ward, A., J. K. Liker, et al. (1995). "The seconoly®ta paradox: how delaying decisions
can make better cars faster.” Sloan ManagemeneRexd6(n3): p43(19).

Ward, A. C. (2007). Lean Product and Process Devaént

Weick, K. E. (1979)._The social psychology of orgamy. Reading, Mass., Addison-
Wesley Pub. Co.

Wheelwright, S. C. and K. B. Clark (1992). Revabumizing product development:
guantum leaps in speed, efficiency, and quaNlgw York : Toronto, Free Press ;
Maxwell Macmillan Canada ; Maxwell Macmillan Intetional.

Womack, J. P. and D. T. Jones (2003). Lean Thinkdanish Waste and Create Wealth
in your CorporatiorNew York, NY, Free Press

Yin, R. K. (2003)._ Case study research: designmaathods Thousand Oaks, Calif., Sage
Publications.

Zirger, B. J. and J. L. Hartley (1996). "The Effe€tAcceleration Techniques on Product
Development Time." IEEE Transactions on Engineehfamagemend3(2): 143-
152.

77



Chapter 4
The Technical System of Lean: How Standardizationan Support Problem Solving

and People Development in Complex Product Developme

Introduction

As global competition increases, customers beconoee ndemanding seeking niche
products, and technology developments occur rapidipeelwright and Clark 1992),
firms can develop a competitive advantage by shorntelead time from concept to
market while developing innovative products withpioved quality and lowered costs.
One approach to achieving these goals is throughntinoduction of lean principles in
product development (Wheelwright and Clark 1992;r¢ém and Liker 2006; Barrett,
Musso et al. 2009; Morgan and Liker 2011). Intradgclean principles into product
development is a common approach for companies lthaé had success with lean
manufacturing. This is a logical step as the magitof the costs and cycle time of
development projects provides a rich target of mwpment opportunities. Lean
implementations often begin with the technical pssc(Liker 2004), including the use of

standardization.

Lean Thinking identifies five lean principles, focusing on valte aid in the transition of
traditional organizations to lean organizationse3é principles are specifying customer
value, identifying the value stream, making vallesvfwithout interruptions, letting the
customer pull value, and pursuing perfection (Wdmaaod Jones 2003). Specifying
value from the customer’s perspective ensures dhabmmon definition of value is
utilized throughout the process and that the custamwilling to pay for it. The value
stream includes all of the tasks necessary to meodbe product for the customer,
including both value added activities and non-vahdsged activities, which can be
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eliminated or reduced. Aligning tasks in the vadueled sequence reduces opportunities
for problems to occur, allows problems to be foand solved sooner, and shortens the
overall time for a product to be produced. Thisrgheed lead time allows customers to
pull the product as wanted and allows the orgainzab respond to changes in customer
demand. As wasteful activities are removed fromvdlee stream more opportunities for
improvement become visible and can continue to diernt allowing for continuous

improvement of the process.

The focus on value and removal of waste is theltregua technical framing of lean
looking at the process with the purpose of solyimgblems to eliminate waste. Liker
defines the philosophy behind lean as the Toyotay \WMansisting of 14 principles
categorized into the 4P model of philosophy, precpsople, and problem solving (Liker
2004). The foundational “philosophy” focuses on doterm thinking; “process” is
reflective of that the right process will prodube right results; “people” emphasizes that
value is added to the organization by developingpfee and partners; and “problem
solving” focuses on continuous improvement. Mogfaoiizations understanding of lean
is at the process level with a technical viewpdliker 2004). The technical lean tools
are the countermeasures developed by Toyota te gbkir unique problems in their
environmental context (Spear and Bowen 1999; L##)4). From this view of lean it is
easy to conclude that it doesn’t matter whethearflexperts” or engineers doing the
product development are solving the problems, ag &s the problems are being solved.
This has often resulted in implementation of techhlean tools achieving initial gains
that were not continuously improved upon or susiifLiker and Rother 2011; Liker
and Franz 2011). This lack of sustainability lechtohange in the reward criteria for the
Shingo Prize for Operational Excellence to add ¢higeria of creating a culture of
continuous improvement as past winners, who hacemitedded lean into their culture,
had failed to maintain their gaihdn order to transform to a lean culture theredse®

be a deeper understanding of lean principles begbmdnating waste.

1Robert Miller, Executive Director of the Shingo Prize, interviewed on radiolean.com, July, 2010.
"About 3 years ago we felt we needed deep reflection. After 19 or 20 years we went back and did
a significant study of the organizations that had received the Shingo Prize to determine which
ones had sustained the level of excellence that they demonstrated at the time they were
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The culture of continuous improvemekajzen, is achieved through teaching, coaching,
and enabling people to solve problems. Problemgardified as the gap between actual
conditions and the standard (Liker and Hoseus 2888pk 2008; Liker and Franz 2011).
The first phase okaizen is establishing standards, systems, and procedorggintain
the standards through problem solving any deviatéhen the standard is achieved on a
consistent basis a new standard is establishatttease capability beyond the previous
standard with the problem solving efforts focusa&dimproving capabilities. When this
standard is achieved on a consistent basis the mext challenging standard is
established resulting in continuous improvemertheforganization’s capabilities (Liker
and Hoseus 2008).

A common misconception is that standardizationskdteativity by defining all of the
tasks in detail (Adler, Mandelbaum et al. 1996; &gl iker et al. 1998; Morgan and
Liker 2006). Concerns about standardization killimgovation result from the creation of
coercive bureaucracies, which use rules, procedareksstructures to control employees
to ensure that they do the right thing (Adler 199%)wever, standardization can also be
used to create an enabling bureaucracy, which wiss,rprocedures, and structure to
support the work of employees (Adler 1999). Stadidarg common aspects across
projects allows product teams to focus creativerteffon the unique aspects of projects
(Adler, Mandelbaum et al. 1996; Morgan and Liked@)

Standardization is what enables Toyota’s produskld@ment process to be flexible,
fast, and predictable with high quality and low tc@gorgan and Liker 2006). Design
standardization allows parts to be shared acrostfopihs with modularity and
engineering checklists for design for manufactustendards (Sobek, Liker et al. 1998;
Morgan and Liker 2006). Essentially design stadslgsiace constraints on the solution
space and force creative thinking to achieve thedyct objectives within these
constraints. Process and engineering skill setdataization facilitate coordination,

evaluated and which ones had not...We were quite surprised, even disappointed that a large
percentage of those organizations that had been recognized had not been able to keep up and
not been able to move forward and in fact lost ground ... We studied those companies and found
that a very large percentage of those we had evaluated were experts at implementing tools of
lean but had not deeply embedded them into their culture."
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integration, flexibility, and effective performan¢8obek, Liker et al. 1998; Morgan and
Liker 2006). The standard skill set is a baselihskils and knowledge, as you would
want in any world class athlete or artist. Standattbn can enable flexibility allowing
the organization to adjust and innovate as new rimétion is obtained (Adler,
Mandelbaum et al. 1996; Reinertsen 1997; SobelerlLét al. 1998; Morgan and Liker
2006; May 2007; Smith 2007; Reinertsen 2009).

Research Objectives

Though there has been extensive research into stadding and defining lean product
development systems (Ward, Liker et al. 1995; Sab@%7; Sobek, Liker et al. 1998;
Sobek, Ward et al. 1999; Morgan 2002; Morgan areki.P006; Ward 2007) there has
been limited investigation into how organizationanctransform to lean product
development systems (Baker 2011; Morgan and Lik&tl1l®2 Experts in this field
emphasize that lean is a way of thinking and aucallttransformation, not a toolkit
(Womack and Jones 2003; Liker 2004; Morgan and L #@06; Ward 2007; Liker and
Hoseus 2008; Liker and Franz 2011; Morgan and Li¥r1). This study addresses the
call for in-depth case study research, by Morgad &iker, within lean product
development, particularly for the relationship beén standardization and innovation
(Morgan and Liker 2011). This study also addregisesall to continue the study of how
technology can be developed and designed to supiperfoint optimization of socio-
technical systems, by Pasmore, Francis, et aln{®as Francis et al. 1982). This study
analyzes how the technical system design can efedoiethinking. This research aims to
better understand how standardization can suppart principles in complex product
development and advanced research environments. Wilibe addressed through the

following research questions:

1. How can standardization simultaneously be usedreéate predictability while
enabling innovation?
2. How can standardization be used as a mechanisnthieva integration and

coordination?
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3. How can standardization support problem solving?

4. How can standardization enable organizational lagfh

Theoretical Discussion

Lean

Lean Product Development

Lean product development is a development systesigued to enable people
development, problem solving, and organizationatig allowing the organization to
achieve its purpose. Lean systems seek to havdeprshdentified as soon as possible
(Liker 2004) and solved by the people closest ®globlem since they have the most
thorough understanding of the issues (Spear andeBa®99; Liker and Hoseus 2008).
This includes making people who are managing onglohe value added work of the
organization responsible and accountable for sglyroblems, while ensuring that they
are given the resources and support needed toailojoibs successfully (Shook 2008;
Shook 2010). The role of lean tools is to make lenois visible, enable people to solve
them, and capture what is learned throughout tgarozation (Liker 2004). This design
can be modeled as a socio-technical system, wkiobgnizes the interdependencies and
influences between the social and technical systdrtige organization (Pasmore, Francis
et al. 1982; Morgan 1997; Daft 2004). For organdet to be most effective, they should
be designed with social and technical subsystettnsgfithe needs of one another and the
organization’s purpose (Pasmore, Francis et aR)1 ¥ example of an integrated socio-
technical product development system is Toyota’sdpct development system as
described by Morgan and Liker as consisting of éhirgegrated subsystems that are:

process, people, and tools (Morgan and Liker 2006).
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Role of Standardization in Lean

Standardization has multiple uses including enagblproblem solving, establishing
stability allowing for continuous improvement, aedabling integration. As with any
lean tool an understanding of the intent and cdrdéxhe use of the tool is important to

achieve the expected benefits.

Standardization facilitates problem solving by pdovwg a standard against which to
compare the actual situation thereby highlightingbpems. In fact, in the Toyota system
a gap between the standard and actual is the tefirof a problem (Liker and Hoseus
2008). Visual management shows the standard versuwml to make it immediately
obvious when work is deviating from the standardghio 1995; Liker 2004; Liker and
Meier 2006; Liker and Hoseus 2008; Rother 2010gti&nd Franz 2011). Without a
standard condition to compare actual performanctheéce is not a problem to resolve
(Liker and Hoseus 2008; Shook 2008; Rother 201kerLand Franz 2011).

Problem solving is executed through plan, do, chadjust (PDCA) cycles (Shook 2008;
Rother 2010; Liker and Franz 2011). The abilitptan, try something, check, and adjust
is especially important in uncertain environmerfther describes this process of
continuous improvement, observed at Toyota, as afg@acticed routineskéta) driving
toward explicit “target conditions” (Rother 201®)e defines as target conditions simple
and measureable desired future states on the pathrds your vision. Since the
environment is always changing the path betweercdinent state and the final results is
unclear. This level of uncertainty leads to an apph of engaging in several small plan-
do-check-adjust (PDCA) cycles focused on achiegimgyter-term target conditions. This
allows learning and adjustment, based on that ilegyrio find the path to the target
condition. Toyota places emphasis on conductingkg@DCA loops allowing for greater
learning to occur and for what is being learneddgancluded in the plan stage of the next
PDCA cycle (Rother 2010). The checking and adjgsphases of the cycle allow for
correction if the plan needs adjusting. The shotiter PDCA loops the quicker the

learning can be incorporated into the next phaggadslem solving.
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In order to create a culture of continuous improgetnbasic process stability must first
be achieved. A focus on stability ensures a cossiskevel of capability to produce
consistent results to create a foundation for imgneent (Liker and Meier 2006).
Standardization to drive predictable outcomes ig® omeans of achieving stability
(Morgan 2002). If the process has high levels afat@n using standardization as a
means to achieve stability will not be effectivek@r and Meier 2006). When this is the
case problems may need to be solved to achievsitytabd allow standardization or the
variation may need to be isolated with pieces @& firocess standardized (Adler,
Mandelbaum et al. 1996; Reinertsen 1997; Liker ldeter 2006; Smith 2007). Isolating
the non-value added variation from the value addedliation, within product
development can allow the non-value added variatmrbe addressed resulting in
stability and predictable outcomes (Adler, Mandathaet al. 1996). When initial
stability is achieved flow between process steps loa created, which will expose
problems and when they are solved will lead to tgrelevels of stability (Womack and
Jones 2003; Liker and Meier 2006). This allows tgetiow between processes and leads

to the next level of problems being exposed allgwhem to be solved.

Standardization is also an effective means of &aige integration in complex
environments such as product development. Integrais the unity of effort and
resolution of conflict to overcome the differenimsxt of orientations towards goals, time
(short term versus long term), etc. that resulimfrbigh levels of specialization in
different functional departments (Lawrence and tbhrd969). Toyota has been able to
achieve integration within projects as well as asrprojects leading to a competitive
advantage. This is achieved through the use ofrakereechanisms that allow for cross-
functional integration while developing functiortpertise. These mechanisms include
mutual adjustment, close supervision, integrateagléership, standardized skills, standard

work processes, and design standards (Sobek, éiksr 1998).

Process standards are utilized as part of a calieof methods to ensure effective cross-
functional coordination throughout the developmamicess. Having an understanding of
how and when the work gets done, everyone’s specible and responsibility,
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interdependencies, inputs, and outputs for eadhabews coordination and integration
to occur across functions (Sobek, Liker et al. 198®rgan and Liker 2006). The

consistency that comes with standardized procelesels to better integration across
functions as an understanding of what is expectetivehat will be delivered is clear

(Morgan and Liker 2006).

Standardized work plans should be simple, relevamd, up to date making them more
likely to be followed. Having simple plans allowar filexibility, common understanding,
and continuous improvement, while the deadlinesegtilar milestones keep the project
on track. The use of standards saves the engifreensreinventing the process for each
distinct project. The standardized processes arelalged and maintained by the people
who use them. Since the reason for the standardadsrstood, engineers can deviate
from them as long as consistency and predictabdditythe other functions is maintained.
The use of design standards increases predicjalititoughout the organization,
including across vehicle subsystems and betweeduptcand manufacturing engineers
(Sobek, Liker et al. 1998).

Coercive versus Enabling Bureaucracy

The bureaucratic form of an organization is degigfrem the technical standpoint to
obtain efficiency through the rational organizatiohwork (Weber, Henderson et al.
1947). Coercive bureaucracies use rules, proce@dmestructure to control employees to
ensure that they do the right thing. Enabling buceacies use rules, procedures and
structure to support the work of employees (AdIe89). The approach towards the
formalization of the written rules, procedures, anstructions can lead to coercive or
enabling bureaucracies (Adler and Borys 1996). Btimation designed to highlight
deviations to superiors that employees’ actions are of compliance will lead to a
coercive bureaucracy. Whereas formalization desigoehelp employees determine if
the process is operating to standard, help thewe gobblems that inevitably occur, and
help them identify improvement opportunities widad to an enabling bureaucracy
(Adler and Borys 1996).
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Misalignment of task requirements and organizatioesign can lead to coercive
bureaucracies (Adler and Borys 1996). As levelsinbérdependence between tasks
increase from pooled, to sequential, to reciprélcalcomplexity within the organization
increases (Thompson 1967). Pooled interdependerists ewhen the parts of the
organization work independently, though if any mhoésn’t perform adequately it has an
impact on the entire organization’s ability to mpenh adequately. Sequential
interdependence occurs when the output for onegbdhe organization is the input for
another part of the organization. And reciproc&ndependence occurs when the outputs
of one part are the inputs to another and the ¢sipiithat become the inputs for the first
and so on. The quality of the reciprocal interactidtimately determines the quality of
the output (Thompson 1967).

Different coordination mechanisms are appropriatevarying levels of interdependence.
Standardization, which involves the establishmémbotines or rules which constrain the
action of each part into paths consistent with ¢hia&en by others in the interdependent
relationship, is appropriate for pooled interdem@rad (March and Simon 1958;
Thompson 1967). To be effective for achieving camation, standardization should only
be applied in stable and repetitive situations (@pson 1967). Coordination by plan,
which involves the establishment of schedules fw interdependent unit to guide
actions, is appropriate for sequential interdeperode (March and Simon 1958;
Thompson 1967). Coordination by mutual adjustmehich involves the transmission of
new information during the process of action, isprapriate for reciprocal
interdependence (March and Simon 1958; Thompsor7)19he use of coordination
mechanisms appropriate for lower levels of inteeshefence for higher levels of

interdependence will not be effective and will likeesult in a coercive bureaucracy.

Table 4.4: Interdependence Matched with the Appropiate Lean Coordination Mechanism
Interdependence Level Coordination Mechanism Leantple

Pooled Standardization Standardization

Sequential By Plan Milestones for alignment &
coordination

Reciprocal Mutual Adjustment Obeya - mutual adjustment when

creating the plan, weekly as the
project is being managed.
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The work done within organizations varies from no@tto non-routine based on the
number of exceptions to the work and the analyidglof the exceptions that do occur
(Perrow 1967). Work with few exceptions that aralgrable is routine, whereas work
with many exceptions that are hard to analyze isi-nootine (Perrow 1967).

Organizations often seek to make non-routine workemroutine by decreasing the
number of exceptions and/or by increasing the kedgé of exceptions that occur
making the exceptions more analyzable (Perrow 196Tasks are made more routine
and as a result do not fit with the internal oreemal environments or with the
organization’s strategy the organization will no¢ las effective (Galbraith 1973;
Pasmore, Francis et al. 1982) and may become aigeebureaucracy. If the task
requirements are such that aspects of the nomutdrk can be made routine and fit
with the environment and strategy the work can bexonore predictable and facilitate

the creation of an enabling bureaucracy.

Research Setting & Methodology

This research develops a theoretical model fodgsgn of technical systems to support
lean principles within product development based lberature and case studies
(Eisenhardt 1989). This is an iterative procesthebry development followed by field
research, refinement of the theory and additiorat fresearch with multiple cycles
(Eisenhardt 1989). The case studies consist of pbemrirom two organizations and
comparisons both across organizations and with& anganization that had some very

different examples with different levels of success

Case Selection and Overview

The cases were selected based on their approachésan product development
deployment, as well as to the accessibility of &iaenhardt 1989; Yin 2003). The cases
discussed in this study are two organizations lthdt success with lean in manufacturing

and saw value in the use of lean principles withroduct development both using
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standardization as part of their implementatioos$f One organization is a Fortune 500
company in the consumer goods industry, furthegrretl to as Consumer Goods, with
product development dispersed globally. The othgjamzation is a wholly owned
subsidiary of a Fortune 500 company that producas tgrbine generators, further
referred to as Turbine Gen, with product developmeagtivities centralized in one
location. Both organizations have historically beey successful, have had success
with lean manufacturing, and viewed the implemeaotabf lean methodology in product
development as an opportunity to improve operatipagormance.

Data Collection

Data was collected through participant observatidimect observation, review of
documentation and interviews (Yin 2003). The redea was an employee of Consumer
Goods involved with some of the efforts describedthie case studies. Observations
within Consumer Goods were documented as fieldsnditgernal documentation related
to the efforts was reviewed and unstructured in¢éevs were conducted with participants
throughout Consumer Goods. Direct observations mected in field notes and
unstructured interviews were conducted at Turbiee Gver the course of a five day on-
site visit. The researcher was also able to reWi@wesponses of an internal Turbine Gen

guestionnaire that 70 participants responded to.

Case Studies

Case Study 1: Consumer Goods Standardization Efort

Case Description

Coercive Standardization: Attempting to Standardize the Entire Product

Development Process
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Consumer Goods developed a global product qualignagement system defining,
documenting, and standardizing the processes i@la@ng products. This included the
identification of all sources of variation so th#e variation could be eliminated or
controlled. The standardization also included imimg people of what they are
accountable for so that predictability could beiaebd through process compliance
which would be audited on an annual basis. Thetawdre planned to begin in 2010,
which was outside of the scope of this study. Temited standardized processes were
documented in workflow process maps that coulddegated on-line to link connected
processes. Some engineers felt that the level @lildeas being used so that anyone
could develop products rather than valuing the meduexperience of engineers.
Additionally, with high levels of detail it wasnttlear what was important. Navigating
through connected processes with high levels dildaliso led to confusion as engineers
got lost while navigating through the cumbersomecesses. Engineers did what they
needed to do to complete their projects, which ‘tlidacessarily include following the

processes that they didn’t find of value.

Standardizing the Routine Aspects of Product Development

The global product quality management system atsQuoer Goods established an
infrastructure that allowed developed processdsetteveraged across the organization.
Whereas this was a poor environmental fit for taskk high levels of interdependence,
it allowed non-value added variation to be removVeasm routine aspects of the
development process to achieve coordination whadetaining flexibility to adjust in the
uncertain product development environment. Examplasutine support processes that
were standardized and used by engineers to efédgtisupport their work include
FMEAs and A3s. Failure mode and effects analysiEE) is used to identify all
possible failures, so that actions can be takeelitainate or reduce failures (Tague
2004). A3 is a problem solving methodology basedhanscientific method with direct
observations of the problem, presentation of dat@posed countermeasures, and follow
up with checking and adjusting based on the reg@®ok 2008). The processes and
forms for these processes were standardized, imgjudxamples of ‘best practice’
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examples to use as a template. Coaching for hous¢othese processes was available
from six sigma black-belts within Consumer Goodswlnequested by engineers. These
processes were used as appropriate and when ersgyimeeded them to support their
work to effectively complete product developmerdjects.

Within the advanced research & development (R&Dncfion of the product
development organization of Consumer Goods there aasubgroup of the global
product quality management system working on pmseEesfor the advanced R&D
organization. The researcher was a member of tlmspgconducting research through
participant observation. This group focused on daadizing common aspects across
projects rather than focusing on standardizing aodtrolling the variation in all
processes. The advanced R&D group became conviheg¢dstandardizing lower-level
tasks would lead to greater predictability and ifddity (Morgan and Liker 2006). The
inherently higher levels of uncertainty within adead R&D compared to the product
development organization bringing specific desigasmarket along with a greater
emphasis on lean led to the focus on standarditiagcommon routine aspects of the
research process. The common aspects to standavdreeidentified by the engineers,
researchers, and lab technicians doing the worksé&hncluded lab testing processes,

prototype development, common project charters litgrdture searches.

Enabling Processes: The Case of Design Guides

Within product development and advanced R&D envitents one of the greatest wastes
is recreating knowledge that was previously creaed discarded (Ward 2007). The
ability to share knowledge across projects and ftisneritically important for effective
product development (Wheelwright and Clark 1992)e &dvanced R&D engineers, who
aligned efforts with other product development aegrs, within Consumer Goods saw
the infrastructure created by the global standatiin efforts as an opportunity to
develop a design guide system for knowledge manegethat could be leveraged across

projects and time.
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There were several self-initiated, disconnectedigdeguide and other knowledge
management efforts across different engineeringmgavithin Consumer Goods. In 2007
a group of engineers saw value in aligning thesartsf so that the acquired knowledge
could be shared across the organization. They Wdued and recruited other engineers
across functions, who saw value in the developroeéatsystem, to develop a knowledge
management system. This group was able to gainsspsimp for the efforts through the

global product quality management system.

Sections of the design guides were standardizetider the information to be found and
pulled as needed, whereas other sections weretopacourage engineers to capture all
information that they believed to be relevant. Stendardized sections included purpose,
scope, keywords, references, definitions and aliirexs, and contributors. Some of
these sections were standardized to ensure thanftenation could be found when
searched for through IT systems and others sahkanformation could be traced to the
original sources if needed. Including all of thenttdoutors also ensures that credit is
given to those who generated the knowledge. Thadatd design guide templates also
included sections that were specific to each docuwmEhis was to be flexible to the
specific needs of each module or technology forctvta design guide was developed.
Within the flexible sections of the design guideywhformation was relevant was also

included.

It was expected that many engineers would congiboatdesign guides, but each had a
single owner who was responsible for maintaining apdating the design guides. This
ownership structure was aligned with module owreerd technical leads both within
product groups and in cross-product groups. An @@ a product specific system that
would have a design guide was tumble patterns mvithyers. Cross-product examples
would include materials and controls and elect@niControls and electronic design
guides would be for hardware and software designs.

An example of a design guide within materials fteet was on the topic of heat

treatment. This included descriptions of the défér heat treatments processes for
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hardness. The process descriptions included peafacencharacteristics noting when the
method could be used effectively and when a mestoalldn’'t be used. The design
guide also included information on geometry consitiens and stress and environmental
considerations amongst other things. Because Cars@oods has corrosion concerns
the design guide included information about needingarrower tempering temperature
(processing method for heat treatment) range thatustry standards along with

information on what to consider when selectingragering temperature.

The design guide process was designed to be usew evfygineers or researchers needed
knowledge to answer a question or solve a problénwas used to minimize the
recreation of knowledge from knowledge not beingteeed in a form that made it easy
to find and understood in context, so that it cooédreused in different contexts. This
was used by engineers when they needed knowleadbgare them a format to capture
their knowledge that made it accessible acros®tfanization, which the lack of prior
was a common frustration of many engineers. Thisvald knowledge to be captured and
pulled as needed across projects and time throagbonsumer Goods with credit and

traceability to the sources of knowledge creation.

Enabling Support Processes: Speeding up the Experimental Learning Cycle via

Testing

The objective of most R&D environments is to creatsable knowledge for the
development of products. Improvement opportunities reduce the lead time of
knowledge creation are frequently support procesbas can speed up the rates of

learning cycles.

Consumer Goods focused on bringing stability torésearch process by standardizing
common routine aspects. One of the areas thaidissdone was lab-testing processes.
The preparation activities, testing processes,aaadysis processes were standardized to
have greater understanding for scheduling withia ldboratory and for planning the

projects that the lab was supporting. This didntiaé that every research project had the
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same testing plan, but that the tasks to condstihtewere understood allowing for more
predictable testing plans to be created. Visual agament was used for scheduling
testing, which included tracking actual testing alians compared to planned testing
durations along with upcoming testing. Red dotsemased to indicate jobs that had
problems that needed to be resolved. Visibilityoirthe testing processes enabled

scheduling to best support the research projects.

Case Analysis

The complexity and levels of routineness vary ansbrjfferent environments and is
dependent not only on the external environment, dmuthow the organization is
structured and the resulting internal environmerite central quality organization,
working from a paradigm of control, went too far attempting to create a coercive
bureaucracy that detailed all the processes angpmgesses of R&D and engineering.
This was mostly rejected by the organization. Hesveeven in highly complex non-
routine environments there are routine aspectsakwnd Consumer Goods did have
success in these areas. By standardizing the commowme aspects the benefits of
standardization can be realized while maintainihg flexibility to adjust and be
adaptable in complex environments. The standamglibihcommon routine tasks also
creates predictability and enables coordinatiothase is better understanding of the task
characteristics.

In the non-routine environment of advanced resea&omsumer Goods focused on
standardizing the common and routine aspects ofvtitk to make it more predictable by
removing the non-value-added variation (Perrow 1%G#er, Mandelbaum et al. 1996).
Similarly, the successful standardization effontigroduct development were the routine
aspects that were used in an enabling way. Thidblemabetter coordination and
integration as what to expect was understood fosdlaspects of projects creating a more
stable process (Liker and Meier 2006). Standardizine common tasks allowed
engineers to focus on the unique aspects of eagjegprpotentially leading to the

development of more innovative products (Adler, Bigbaum et al. 1996).
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The design guide system used standardization #rdhtine sections of documents as
was necessary to create a structure for coordmahiat allowed knowledge to be found
when searched for. At the same time the documeets flexible to enable engineers to
capture the relevant knowledge for different tedbgies and modules. This flexibility
allowed the guides to be adaptable to capture kedyd effectively across different
technologies and products. Capturing knowledge wag that it is usable and can be
found enables innovation as efforts can build offtlee existing knowledge base.
Furthermore, the engineers are building off of khewledge created by others and are

able to capture it in a way that allows it to kensferred to others.

The development of the design guide system is ample of the creation of a standard
by people doing the work to enable them to do tiveirk more effectively. Engineers are
able to pull knowledge as needed to effectivelypsup their work. In this way the
infrastructure within Consumer Goods was used irelaabling way (Adler and Borys
1996).

Standardization that facilitates quicker experimaétesting and thus learning can enable
innovation. Quicker learning cycles enable morewiedge to be created in a shorter
time period. The frame of analysis should be atréisearch or development project level
and not at optimizing testing processes. As thascokthe delay in lead time for the
research and development projects are usuallyréatey than underutilizing the testing
resources (Hayes, Wheelwright et al. 1988). Thisinsilar to how exploring multiple
alternatives in set-based concurrent engineerinmase efficient than the traditional
point-based design, though at the surface it migigliy appear wasteful (Sobek, Ward et
al. 1999).

Understanding of the lab processes by engineersiaimility to testing schedules enable
coordination and integration between laboratoryingsand engineers. The highlighting
of problems and identifying problems by comparietual performance to the scheduled
performance allows the problems to be identifiedl aolved quickly, leading to

continuous improvement and organizational learning.
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Case Study 2: Turbine Gen Standardization Efforts

Case Description

Turbine Gen selected two product development progras pilots for lean. One was a
component—an injector to inject fuel into the tumai While it may sound simple it is
actually a very complex device requiring deep kremlgle of combustion. The second
was an uprate of a turbine to increase its poweegion and efficiency. The culture of
Turbine Gen was quite organic and teamwork was comrthough teamwork across
functional silos was not nearly as strong as witlinctions. They had a standardized
stage-gate process, but did not impose the deiailprograms. Both programs started
with value stream mapping and both establisbla®ya (big room) processes for weekly
cross-functional meetings to increase coordinataomd teamwork across functions.
Beyond that they decided to take an organic, engldpproach to implementation and

did not prescribe a process used indbeya.

Enabling Support Processes: Speeding up the Experimental Learning Cycle via

Testing

Within Turbine Gen in the value stream mapping wbdp they identified the iterative
testing-redesign stage as a bottleneck for fuelctoy development. The complexity of
the fuel injector required several iterations o$iga and testing. The future state value
stream map led to the development of a dedicatetbiype test cell, which included the
development of an innovative visuanban board to schedule the work through the test
cell. Turbine Gen standardized the requirementssszry to be scheduled in the test cell,
which enabled predictability in the completion obg. Color coded dots were used to
highlight problems, orange for an issue — red fbiad issue. This highlighted problems,

so they could be addressed in the daily 10 minugetimgs.
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Standardization in Obeya

Turbine Gen effectively used aeya to execute a product development project for the
turbine uprate project which was more all encompgssThe team utilized visual
management to display targets for cost, quality] achedule thereby establishing
standards. Actual performance was compared to tdralard target conditions during
weekly cross-functional meetings. The gaps betwaemal and target performances
highlighted problems and directed attention to edhe problems. Additionally,Ahdon
lights” were used to highlight problems, to bringaseness that they needed to be solved.

Within and acros®beyas the standards that were developed at Turbine Gesrged
from the borrowing and improving of tools that efigely supported the work. For
example, “Nick Charts” were created to provide sueai display of deliverables, status,
and who is accountable for the work. Originallyclcreated this tool and others within
thatobeya started to use the tool. Additionally, it was imyped by Jill with the addition
of “JilI's cool mint green”, which was used to sholat work was on schedule, but not

actively being worked on, to further improve théefiveness at conveying information.

The standards from onabeya were borrowed and used in othaeyas. This was the
case with “Nick charts” andAndon lights”. The tools being used varied acroteyas
since different tools or adapted tools best sugglttie work of each project team.

Case Analysis

Similar to Consumer Goods the use of standardizatias effective to reduce the lead
time of knowledge creation through speeding uprtie of learning cycles at Turbine
Gen. Faster learning through quicker experimesestirig cycles allows more knowledge
to be created in a shorter timeframe. However, iferbGen did not stumble like

Consumer Goods by creating detailed structure wiheid not fit.
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Visual management within thebeya and prototype test cell enabled managing by
exception to occur. By only focusing on an issueewlit deviates from the target
standard condition, thus identifying a problem @ikand Hoseus 2008; Rother 2010;
Liker and Franz 2011), energy can be focused onrgpproblems rather than discussing
things that are on target. By establishidgdon lights” as the standard for highlighting
problems it was immediately obvious that a probleristed when a yellow or red
“Andon light” was displayed. This facilitates problems be identified and solved
quickly, leading to continuous improvement and argational learning. The
establishment of target conditions by a cross-fonal team enabled coordination &
integration to occur as team members establisheuitaal understanding of how their

work fit together and the resulting impact of naeting commitments.

The standardization of deliverables and the statighose deliverables facilitated
coordination and integration as a mutual understgndof the tasks and the
interdependencies amongst those tasks are undersyothe cross-functional team that
uses them. The visual indicator of when tasks ateon target highlights when problems

need to be solved.

By the development of a standard for an effectiag o capture deliverables, status, and
accountability the organizational knowledge wastaagnl and able to spread within that
obeya and acros®beyas. The improvement of the standard and capturiragithe new
standard also allows the knowledge of that impromeimto spread across the
organization. By adapting the standard to best supghe work within eaclobeya the
yokoten (across everywhere) process of sharing practicesganizations considering the

environmental context is practiced (Liker and Has2008; Liker and Franz 2011).

Discussion

For standardization to be effective it needs tavith the task requirements, intent of the
effort, and used in an enabling way to support wdirkhis is achieved innovation can

occur while maintaining predictability, which fatites coordination and integration
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across functions while the standards transfer tharozation’s explicit knowledge across

the organization.

The Bureaucracy of Consumer Goods: Coercive andémrabling?

Product development is a complex activity with highels of reciprocal interdependence
across functions. Attempts to control the inhereatiation from the uncertainty that
exists in this environment through detailing albuged tasks was not effective at
Consumer Goods as it was cumbersome to follow ¢taildd processes and didn’t allow
for adjustments as new information was obtained.sHbuld be expected that a
coordination mechanism appropriate for pooled ddgpendence that didn’'t support the
task demands in a reciprocal interdependence emaegat would not be effective (March
and Simon 1958; Thompson 1967).

In addition to the poor fit with the environmentetrapproach towards informing
engineers of their accountabilities and auditingpimcess compliance is expected to lead
to a coercive bureaucracy as predictability is &oudprough controlling engineers’
actions (Adler and Borys 1996). Coercive bureauegtypically result in employees
being de-motivated and the stifling of creatividd{er and Borys 1996). Additionally,
the controlling of all variation through the detad of all tasks doesn't allow for

innovation to occur.

The development of standards by a centralized immdb be deployed throughout the
organization aligns with the scientific managemennciple that predictability can be

achieved through the design of processes by ex@atgor 1915). These principles were
developed in a more routine environment with lowarels of interdependence than
product development. Though Taylor was open to tipglaand improving standards if a
better way could be found and proven scientificatye standards were still controlled by
experts and given to the people doing the workhiithe lean literature it is emphasized
that standards should be controlled by the peolplgest to the work with continuous
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improvement of the standards and with adaptatiaimique contexts (Sobek, Liker et al.
1998; Liker and Franz 2011).

Additionally, the auditing of processes on an ahfasis to ensure process compliance
assumes that any deviation is a result of peopléatiowing the process with the proper
countermeasure being that the process should lweved. Part of an effective problem
solving process is ensuring that the standardefieetive at supporting the work and
continuously improving the standards to better supthe work or to develop greater
capabilities (Liker and Hoseus 2008). Furthermateliting on an annual basis will likely
result in problems being identified far from th@treauses of problems, both in time and

personal, making it difficult for those closestpimblems to solve them.

Since the auditing of processes hadn’t yet beguheatime of this study, the processes
that didn’t effectively support engineers in dothgir work were frequently not used and
the expected negative effects of a coercive bureaycwere not evident. Rather the
standardized processes that were used effectioelyséd on the routine aspects of the
product development process that had the charsiitsriassociated with an enabling
bureaucracy. This was the case with FMEAs and A3s Wwere used by engineers as
needed to support development projects with cogclavailable and ‘best practice’

examples (Adler and Borys 1996) Similarly, Designides standardized the common
routine aspects needed for coordination and intiegrawhile being adaptable to support

people to work effectively.

A Comparison of Bureaucracies: Consumer Goods anariine Gen

In addition to having the right fit for the taskquerements and to support the intent
standardization should be used in an enabling waypport the work. An effective way
to ensure that standards are enabling and to ggtgement in parallel is to have the
people using the standards develop, maintain, guthta the standards. Updating the
standards includes both continuously improving tlasmvell as adapting them for use in

different environmental contexts. This was the apph used for the development of
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design guides within Consumer Goods and for althef standardization that emerged

within Turbine Gen.

Within both Consumer Goods and Turbine Gen stamitidn was used effectively to

support the work of engineers to effectively depetwoducts. Though the development
of the standards within Consumer Goods was lengify many standards were not
effectively utilized, those that were effective papged the work across the organization
and were enabling. Through Turbine Gen’s organjor@gch to lean the standards that
emerged were all enabling, but with low levels afdaucracy and limited spread across

the organization.

Conclusion

Standardization is a foundational piece to thetmeaf an enabling bureaucracy, which
supports problem solving and people developmerttinia lean system. This research
has shown examples of how standardization usedamthnabling formalization and fit
with the task requirements can be used to creatdigiability while enabling innovation;
achieve integration and coordination; support gobkolving; and enable organizational
learning, which all support the effective executadrwork in complex environments such
as product development. Future research should lbnoke closely at the role of
standardization to enable the development of peibypdteigh the problem solving process.
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Chapter 5

Conclusion

Summary of Findings

Many organizations seek to introduce lean prinsipteproduct development in order to
improve quality, lower costs, and shorten lead ti(W¢heelwright and Clark 1992;
Morgan and Liker 2006; Barrett, Musso et al. 200@rgan and Liker 2011). Although
there has been extensive research into understanaimd defining lean product
development systems (Ward, Liker et al. 1995; Solb@%7; Sobek, Liker et al. 1998;
Sobek, Ward et al. 1999; Morgan 2002; Morgan arei.P006; Ward 2007) there has
been limited investigation into how organizationanctransform to lean product
development systems (Baker 2011; Morgan and Likd1? This study seeks to expand
this research by analyzing the lean deploymenviéies of two organizations in the early

stages of deploying lean in complex product develen.

It is emphasized in lean that there is no one righy to do something and that the
approach needs to fit with the objective, cultuned internal and external environments
(Liker and Meier 2006; Liker and Franz 2011). Cleaj# is a comparative case analysis
of rational planning and disciplined problem soty@pproaches to lean deployment that
sought to understand advantages and disadvantagk8erent deployment approaches
along with organizational characteristics that émaiccessful deployment. The rational
planning approach created an infrastructure thabled common routine tasks to be
standardized across the organization for greatedigability, coordination, and

integration. The disciplined problem solving apmio&acilitated the learning of lean as a
socio-technical system with adaptability to makejusiinents in the uncertain

environment of product development. Within both amgations the efforts that were
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successful had characteristics of an enabling lgraay of supporting people to do their
work (Adler and Borys 1996).

Two of the most commonly used lean product develgntools are value stream
mapping andbeya. Chapter 3 is an in-depth case study within orogept of how value
stream mapping andbeya played a role in the introduction of lean prinegplwhile
achieving cross-functional integration, one of thggest barriers to fast and effective
cross-functional problem solving. These tools wesed in a manner that engaged team
members while enabling them to develop and modibjst to best support their work.
This approach provided the opportunity to use &adn lean as a socio-technical system
with the technical system effectively supporting tbulture of problem solving and
people development as people learned through thetiee development of the product.

Attempts to transform to lean product developmestesns are attempts to establish an
enabling bureaucracy with structures and standaffdstively supporting people’s work
while being adaptable to the unique needs of eavleldpment project. Standardization
is used within lean for many purposes includingbéing problem solving, establishing
stability allowing for continuous improvement, aedabling integration. It is a common
misunderstanding that standardization kills cragtivand establishes coercive
bureaucracies, which use standards to control grep#oto ensure that they do the right
thing (Adler 1999). Rather it is the formalizatiapproach and fit with task requirements
that influence if bureaucracies are enabling orawve (Adler 1999). Chapter 4 examines
how standardization was used within two organizregiand if it was used in enabling or
coercive ways. Having the people using the starsddeVvelop, maintain, continuously
improve, and adapt the standards is an effectiwe falastandards to be enabling and to

get engagement.

Future Research

The generalizability of these research findingenited by the use of case studies, which

seek to expand and generalize theories rather pinaviding statistically significant
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generalizable conclusions (Yin 2003). The use oftrasting case studies in chapter 2
and multiple case studies in chapter 4 increasesexternal validity with theoretical

replication (Yin 2003). The intent of this reseawmhsn’t to determine a cause and effect
relationship between lean methodologies and tobls, rather to understand the
challenges, organizational characteristics, andagmbhes that resulted in effective use of
lean principles. This understanding can help sasvan example to be learned from when
introducing lean principles in other complex enumgents. This includes other product
development and research environments as well adthbare and any complex

environment seeking to transform into a lean orzmion.
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