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DISSERTATION ABSTRACT

This research was undertaken to fill a gap in the académriature and in practice by
developing a comprehensive lean implementation assessment tocrimowsing operations
implementing lean manufacturing principles and techniques. The Ieatenentation
assessment tool developed provides specific, actionable items thaeoased in practice to
further implement lean production and provide useful information to monitomttiative’s
progress and make better resource decisions. Furthermore, the fresulthe application of the
lean implementation assessment tool are analyzed to better anderdte practical
implementation and underlying factors of lean warehousing. Consgquém research
outcomes are two-fold, both filling the gap in the development of a r@mapsive warehousing
lean implementation assessment tool and providing insight into thel aoplementation of lean
warehousing.

The academic literature provides the historical context, evolutfandamental
constructs, and corresponding practices associated with lean tanofa and lean
warehousing. The specific lean constructs identified fromaae mmanufacturing literature that
are measured in the lean implementation assessment tool develojes research are visual
management, standardized processes, continuous and leveled flow, parhssystorkplace
organization, empowered employees, quality assurance, and continuous improvement.

The lean constructs were operationally defined with respechdoassociated lean

practices to measure implementation and utilization on variousai@ls points comprising the

Vi



various warehousing processes in a facility. Each of the keyraotsstvas assessed for all the
major functional areas applicable within each warehouse.

The lean constructs identified were further developed working withutiple
warehousing facilities, each in various stages of lean implati@mtwith unique characteristics
and industries to enhance the generalizability of the lean imptatiem assessment tool
developed in this research. The lean constructs are refined antiasadisadefined through
onsite analysis and multiple assessor use to ensure crogg-fapjplicability and multiple
assessor perspectives.

The operationally defined and scored evaluation items were agepletgatdetermine
scores at the facility level, individual function level, and individocahstruct level to provide
usable feedback and analysis. The data collection process iderdpecific areas of
improvement and provided feedback with regard to the implementation iéirdtion of lean
warehousing principles.

Finally, to validate the assessment tool, twenty-eight lean mepléation assessments
were performed at twenty-five facilities ensuring that meament outcomes meet expectations
at multiple warehouses across industries and across geographioals, ensuring equity among
comparisons, and identifying future improvements and research oppiegunihe data analysis
conducted uses various multivariate statistical techniques to \dertgfrelated lean constructs
and practices, any potential effects of inter-rater agreearembn-agreement, and a potentially
reduced and simplified lean implementation assessment tool structbrethermore, the
implications of the underlying factors and structure of assasisnmplementation, and practice
are examined based on the findings from the application of éineidgplementation assessment

tool.
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CHAPTER |
INTRODUCTION

Introduction

Over the last twenty-five years, there has been an increfaging in many organizations
in the United States on implementing various organizational improvegpmaeatligms to reduce
costs and subsequently increase profitability. Cost containmentambdeduction strategies
have become a primary focus for companies to sustain and increfise guwe to increases in
global competition, transportation costs, free trade, technologthances, and other market
changes in today's business environment. There have been numerouszatinyali
improvement strategies that have arisen in the last sevemdeteand become popular in the
business press, namely Total Quality Management, Six Sigmay Msanufacturing, and
Reengineering, among many others. These strategies &ocusrious aspects of quality
improvement, elimination of variation, waste reduction, organization&iuobsring, problem
solving, cost cutting and the like, all in various combinations and pationg of different
principles, tools, and techniques.

Lean manufacturing or lean production has become the common name for the
manufacturing strategy developed by the Toyota Motor Corporationrbeg primarily in the
1940s and 1950s.The Machine That Changed the Wobg Womack, Jones, & Roos (1990)
outlines the development and practices associated with lean ntanafaobserved during their
five year, five million dollar study of the Toyota Production System conduttédiTaduring the
late 1980s. According to Womack et al. (1990), lean manufacturing ismihi@vement

paradigm that provides for systematic identification and elinonatif waste throughout the



production system from the customer's perspective of value-added gweces Lean
manufacturing is the paradigm that will be examined in tmalysis, in particular lean

warehousing operations.

Purpose

The objective of this dissertation research was to develop a teplenmentation
assessment tool that identifies, operationally defines, and medakeréundamental principles
and corresponding practices of lean manufacturing, as it rétatee shop-floor in warehousing
operations. Therefore, the focus of this research was to taloenprehensive approach to
understanding the principles, tools, and techniques of lean manuigcand develop a lean
implementation assessment tool as it relates to lean itsgispecifically lean warehousing
operations. There have been numerous lean assessment tools developsasuce rfean
principles at the enterprise level (MIT, 2001) or generally fonufecturing operations (Virginia
Tech CHPM, 2005). These tools help provide general organizationaliahrattthe enterprise
and manufacturing operations level as it relates to lean mamtrf@cprinciples and practices,
but do not provide specific detail and actionable items for improveatahte shop-floor level,
specifically the warehouse-floor level.

There are some detailed shop-floor level lean assessment tddiswtkabeen developed
to provide insight into various aspects of lean principles and practices, but aneciby delated
to warehousing operations or truly comprehensive in nature. Thengdean assessment tools
only capture some of the fundamental principles and correspondingcesaassociated with
lean warehousing at the shop-floor level of an organization, as eetlemcraj (2005). The

assessment tools identified in the literature do not provide a comgrebessessment of lean



manufacturing principles at the shop-floor level, relate to a@rsing operations, or provide
comprehensive and specific actionable items for further develdpmes use in those
operations.

Thus, this research fills a gap in the academic literand in practice for a
comprehensive lean implementation assessment tool for warehaperations that provides
specific, actionable items to be used in practice. Furthermbee,lean implementation
assessment tool developed in this analysis was applied at numermiowses where the
corresponding results were analyzed to better understand thecaractplementation and
underlying factors of lean warehousing. Consequently, the resmaticdmes are two-fold, both
filling the gap in the development of a comprehensive warehousing teplementation
assessment tool in the academic literature while providing insigghthe actual implementation

of lean warehousing in use in the warehousing industry today.

Research Overview
The lean implementation assessment tool developed in this teseasccompleted by

conducting an extensive search of the academic literature, leatuliéer@nd print articles. First,
the fundamental principles of lean manufacturing as proposed by thepkrgeand key authors
related to the Toyota Production System, lean manufacturingpleauction, lean logistics, and
lean warehousing were identified and examined from the literammd compared

comprehensively. The various lean practices identified througholitedfeure were associated
with the corresponding lean principles developed in this analysis eapdnded into a

comprehensive lean implementation assessment tool structure forwk@housing. The



structure of principles and practices identified in the literatweee then operationalized into
multiple evaluation points for measurement during the data collection process.

The tool was piloted in three warehousing operations where feedbadatiased from
a lean expert panel, practicing lean professionals, and warehssmsgases to determine the
robustness, usefulness, and depth of measurement developed during shmess@rocess.
Then, the lean implementation assessment tool was further refinecréase the cross-facility
applicability from the feedback in the pilot process across indsisémal various types of
warehouses. The refined tool was then applied in twenty-fiveiaaaitwarehouses, for a total
of twenty-eight times during the course of calendar year 2003stss lean implementation in
those warehouses and provide additional data for analysis and undegstamtde warehouses
assessed were across the United States, Canada, the Mdthedad Germany where lean
warehousing implementation was underway with varying degreescgess. Finally, various
multivariate statistical techniques were used to identify theenlyidg factors associated with
lean implementation and the validity of the lean implementatioesasgent tool for measuring
lean warehousing operations.

A pared down list of the lean warehousing principles and praatiassietermined based
on the statistical analysis performed from the observed asseissiata in practice. The lean
implementation assessment tool output was analyzed and comparedrtqoarpeobservation,
inter-rater agreement, and the number of evaluation points requirelgtimining the tool’s

efficacy, ease of use, and direction provided.



Research Questions
This analysis answers the following fundamental research questions:

e What are the underlying factors or lean principles sufficient desessing lean
manufacturing implementation and usage in warehousing environments?

e What are the corresponding lean practices associated with théyingl&ctors required
for assessing lean manufacturing implementation and usage Iehausing
environments?

e What are the implications of the identified underlying lean pplesi and lean practices
on implementing the paradigm in warehousing operations?

1. The fundamental research questions were first addressed bgplegea comprehensive
lean implementation assessment tool that operationalized the m#a@pd practices
associated with lean manufacturing identified from the liteeatpractice, and existing
assessment tools.

2. The lean implementation assessment tool was then applied twghtytiaes in twenty-
five warehouses to gather data for multivariate statisticalysisato identify the
significant underlying and interrelated factors measured in hgases implementing
lean principles and practices.

3. The comprehensive list of lean principles and corresponding pracemssied from the
literature were then pared down based on multivariate statiahedfsis and the resultant
list compared to the comprehensive list.

4. Data analysis was conducted to address differences in meareebetgsessors and any
impact on potentially subjectivity of evaluation points and validity tlé overall

assessment of facility lean implementation and usage.



The subsequent feedback, analysis, assessment, and identification otirmpesrtor
improvement will help facility personnel, management, and emplogebstter identify where
additional resources, support, and focus may be needed for further engpddion. This
information will help managers to prioritize improvement actgti track performance over
time, and identify potential sources of slippage. Finally, this indtion will help organizations
identify high performers and best practices, and facilitate argonal learning within facilities
and across facilities. This research provides insight into theementation of lean warehousing

in practice and a methodology for comparing and analyzing the results.

Assumptions
This analysis contains the following assumptions:

1. Lean is the improvement methodology that was leveraged to achieveasadr
organizational performance in this analysis and that implemeteany principles and
practices improves warehouse operations, service levels, and outputs.

2. Implementing lean principles within an organization or facilityll wesult in
improvements over the current practices. Furthermore, the auttsamplly believes
that the lean principles of people engagement, reduction of waste, continuous
improvement, and the other lean practices will benefit any coynpamvarehouse and
will drive continuous improvement.

3. The development of a consistent, shop-floor level lean assessmokahtl measurement
criteria for the implementation and usage of lean manufactpringiples and practices

will provide better results versus the current practice of ad hoc, subjectss@ent.



4. The enhanced knowledge gathered from the lean implementation asgestdhiead to
increased understanding of where improvement opportunities exist and pbetide
information about resource allocation and prioritization for furthgolementation in
organizations.

5. The organization must be willing to provide the added resources and support
implement lean in its facilities and the time to observe wodctmres and practical

implementation of lean warehousing principles.

Definitions

The following definitions are provided to clarify the terminology atndtsication of the
framework used in this research. The literature and business gwasot provide a common
description or verbiage of lean principles, concepts, and praaticesequently, a common and
consistent verbiage and stratification of lean constructs and practicesesifed.

e Lean Principle — Lean principles are the various general theamlretoncepts and
fundamental ideas described in the academic literature related to learacharig.

e Lean Construct — Lean constructs are the fundamental principleaoépts outlined in
the literature related to lean manufacturing, but synthesizedtaaiified into specific
ideas with associated practices.

e Lean Practice — The lean practices identified are the spedfions used at the shop-
floor level and are subsequently associated with the fundamental cle@structs

developed.



Why Assessment?

The proposed lean implementation assessment tool allows for bétteral and external
organizational performance measurement, comparison, and tracking regfiect to the
implementation levels and usage of lean warehousing principles iousaiacilities across
industries. The lean implementation assessment tool developed provaasan performance
measurement device to help identify facilities that have emactasurable progress, help
recognize implementation leaders, and help determine fagjlitinctions, and lean principles in
need of added support.

Furthermore, the lean implementation assessment tool developed iedespecific
actionable opportunities for improvement and best practices, while prgmotganizational
learning to existing facilities and providing a specific roadna facilities beginning lean
implementation. Internal and external benchmarking of business pgscems be developed
from comparison of the results from the assessments to help ydinatiCurrent state-of-the-art
in practice in industry across warehouses in various business sedtbes opportunities for
improvement identified from assessments conducted help provide additioeatioth and
prioritization of specific action items that support continuous improméraed growth within
the facilities and across organizations. The assessmens rieenitify gaps in specific principles
or practices that require additional training or sharing of lestsasied between facilities
identified with strengths or opportunities. This information and aisafgsters organizational
learning, sharing of best practices, and better decision makimgdource allocation and further

implementation.



Motivation for the Study
Lean principles have been successfully applied in numerous warehonsgirgnments,

originally in Toyota’s parts distribution centers, but have h#te lexposure in the literature
(Liker 2004). Trebilcock (2004) identifies the burgeoning concepeart warehousing, which
after fifty years of lean manufacturing has now come todhefriont in service and warehousing
operations as much of the waste has been eliminated from tleetraditional manufacturing
operations. Womack (2006) states that many of the U.S. automaivgfacturers are now able
to compete with Toyota on productivity and quality measures in énlyeir manufacturing
operations, but still trail in other business sectors. Consequéntiignds to reason that to
further drive down costs and eliminate wastes throughout the emppéyschain, the focus will
move to less traditional areas of the organizations. Furthermsrthe United States moves
further from a manufacturing based economy to a service basewrmy, warehousing and
distribution of goods will become a primary source of competitive adganfor many
companies. In particular, as transportation costs have risen it y@@e's, the cost structure of
manufacturing, inventory, and warehousing has shifted, making the imgeélean logistics,

lean warehousing, and supply chain optimization increasingly important.

Significance of the Study

Organizations undertaking improvement initiatives are commonly mt kmited
success or even failure, while incurring great expense when ukdgrtany new change
paradigm or initiative. There are consultants, training, trawgljpenent, and myriad other
expenses that the organization must incur to implement the desselts of the change

initiative. Chadderdon (1999) estimates that the management consuiimgss alone exceeds



seventy billion dollars annually in the United States. The tirggurces, and enormity of
training people on the corresponding principles, practices, andn@aie success and a return
on investment extremely important to the stakeholders of the organizenplementing the
paradigm. Consequently, an assessment tool that consistently @ndtely measures the
success and opportunities of implementation of the initiative would be extrenpslytamt.

Both Miller (2002) and Senge (1999) estimate that only about thirgepeof change
initiatives actually succeed in achieving the desired resulibsegjuently, there are probably as
many reasons for failure as there are observed failurés these organizational change
initiatives. According to Kotter (2005), some of the reasons fluréaare lack of urgency, not
leading by example, declaring victory too soon, and a resistancertgechi#ost organizational
improvement paradigms provide similar simple step-by-step proegdvuith a one-size-fits-all,
silver-bullet approach to implementation promising unprecedented suocesl organizations.
These strategies and planning appear sound, but the prescriptiveeristies do not address
the complex, unique issues that arise in all organizations thateedntd failure during the
implementation process. Consequently, developing an assessment tpobvtidds actionable
feedback to implementers will provide useful feedback during the mepigation process while
measuring and benchmarking successes and opportunities for prionitizziti resources,
additional training, and implementation opportunities.

Even within a single organization there are varying degrees oéssitl implementation
and utilization for a given improvement initiative, even with virtpalhe same physical
circumstances and levels of organizational support. The development of thapéamentation
assessment tool for warehouses in this research will help oatjanz to better measure,

analyze, and determine which facilities are performing gseaed, which facilities and
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functions have opportunities for improvement, and where additional res@ndesaining are
required. Collins (2001) identifies accurate measurementsysie one of the traits common in
successful organizations undergoing transformation in his Gmsd to Great Accurately
assessing the current situation in warehouses will provide befidemation of where and when
resources and assistance are required to increase the likelihgeodceksful implementation.
Furthermore, the specific practices associated with leanhwaaseng were identified and
measured by the lean implementation assessment tool rathegerészriptive generalizations or
vague recommendations provided by other means.

The Deming (1994) Plan-Do-Check-Act Cycle (Figure 1) provitesgeneral process
steps associated with continuous improvement within organizations.afdligsis started from
the assumption that an organization has already made the detisionplement lean
manufacturing principles (Plan) and has begun the process ofmepiieg those lean practices
(Do). The lean implementation assessment tool developed in teeekprovides a consistent
method for measurement (Check), aiding management in futursiashescto be made (Act),
thereby completing the Deming (1994) Plan-Do-Check-Act cyclln essence, the lean
implementation assessment tool completes the Deming (1994) Bt&@h&xrk-Act cycle at the
organizational level for lean warehouse implementation and provides teohsiperiodic
feedback to management from the shop floor about the successuee f&ilimplementation.
Further, an accurate lean implementation assessment tool prtwdiEsdback mechanism for
more accurately “checking” the current situation to aid ingexas about resource application,

manpower allocation, support services, and performance measurement.
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Graphic from http://www.balancedscorecard.org/bkddéphtml

Figure 1: Arveson (1998) Deming’s Plan-Do-Check-Act Cycle

Conclusion

This research fills a gap in the academic literature anddastry by developing a
comprehensive lean implementation assessment tool for warehousiagjansemplementing
lean manufacturing principles and techniques. The lean implenmentaisessment tool
developed provides specific, actionable items that can be used ircgtacturther implement
lean warehousing and provide useful information to management to mutmtanitiatives’
progress and make resources decisions. Furthermore, the fresaltee application of the lean
implementation assessment tool were analyzed to better wartbthe practical implementation
and underlying factors and corresponding practices of lean warepousionsequently, the
research outcomes are two-fold, both filling the gap in the develdpafiesm comprehensive
warehousing lean implementation assessment tool and providing insightthat actual

implementation of lean warehousing.
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CHAPTER Il
LITERATURE REVIEW

Introduction

The literature was searched and examined in detail withdegageneral organizational
change strategies, lean manufacturing, lean production, justen¢diiT), the Toyota Production
System, lean warehousing, lean measurement, lean assessm@atiousimg measurement
systems, and warehousing assessment. Consequently, the followatgrigeeview provides a
comprehensive analysis for the framework of the development ofara ilaplementation
assessment tool for warehousing operations.

The detailed review of the business press, academic literatnde,various lean
assessment tools provided the basis for the development of théuedganental lean constructs
identified in this analysis. All fifty-eight of the common lgairactices identified were stratified
into the eight lean constructs, which were operationalized to bpeeific corresponding
measures to assess the concepts and practices associatedplathenting lean warehousing.
The lean practices identified were then compiled into a compseleelist as the literature was
reviewed, analyzed, and subsequently pared down during statistidgsisnafter the lean
implementation assessment tool was developed and data collectedthoorresponding
twenty-eight lean implementation assessments conducted.

First, the literature review examined the general orgaoizat change strategies,
framework, and necessity for assessing organizational improveamehtchange. Second,

numerous influential lean manufacturing and Toyota Production Sysfated books that have
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been published over the last thirty years were examined in detditd, the general lean
literature and associated research articles were exanurestablish a comprehensive research
framework for lean manufacturing. Then, various assessmentvieoés discussed within the
lean principle framework for warehousing and other contexts tondieie the existing measures,
constructs, and assessment development methodologies. Finally, therc@xisting research
methodologies and practices were examined with regard to validegl@tility, and usefulness
for the lean implementation assessment tool development.

The literature review in this research provides a comprehensivetvork to identify the
principles, practices, and tools used in lean manufacturing anddfaion to lean warehousing
to develop a robust lean implementation assessment tool. The fradmdexaloped in the
literature review provides the structure to operationalize the ptsogo evaluation items to be

measured and used in the lean implementation assessment tool.

Change Initiative Success Rates

This research is important due to the limited success observatpli@menting various
change initiatives and the corresponding costs associated witan@piation. Miller (2002)
estimates that “...only three out of four change initiatives gnee return on investment that
leadership forecast...” and that “...failure is usually in the exenutf the initiative.”
Furthermore, Miller (2002) cites various statistics regardimgnge efforts and projects, namely,
that seven out of ten change initiatives that are critical to-lermy organizational success fail,
twenty-eight percent are abandoned before completion, forty-sixnpesoe over budget, and
that eighty percent are not used in the way they were intendedilary, Senge (1990)

illustrates that only seventy percent of the Fortune 500 Indgsimigxistence in 1970 were able
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to initiate enough successful change and react to market changedetst survive, in some
recognizable form, until 1983. Consequently, thirty percent of thass were not able to
initiate enough successful change initiatives to survive for those thirteenstadied.

Similarly, the Standish Group (1995) estimates that only slightiserthan a quarter of
projects studied finish with twenty-five percent to forty-nine patc of the original
specifications. The Standish Group (1995) also estimates thatsborpercent of all projects
studied encounter unexpected challenges resulting in cost overruns deligery, which may
affect the classification of success or failure depending osggeific definition. Furthermore,
working with the Standish Group, Johnson (1999) illustrates similartsesul994, 1996, and
1998, finding also that the success rates of the projects areelyvprsportional to project size
and expenditure.

Conversely, according to White (1993), eighty-six percent of orgaois who
implemented various “Just-In-Time” practices, or lean pragtiocedicate that an overall net
benefit resulted from the implementation. Only approximatelygesmeent report that there was
no overall net benefit and about nine percent did not know if a benefitredc The lean
practices associated with “Just-In-Time” according to Wkit@93) are quality circles, total
quality control, focused factory, total productive maintenance, redudeg senes, group
technology, uniform workload, multifunctional employees, kanban, and purchasingjtezhni

White, Pearson, & Wilson (1999) surveyed the perceived benefitsnplieinenting
various aspects of “Just-In-Time” practices or lean practicEsge versus small manufacturers.
According to White et al. (1999), large manufacturers are morenedgan the implementation
of lean practices than are smaller manufacturers, with tloepagn of multifunctional

employees. Furthermore, both small and large manufacturers shewrificantly improved
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performance as a result of implementing JIT systems” (Wtitd., 1999). Due to the nature of
survey research, there may be potential biases in findings due thffdrences in perceived
benefits as reported and actual benefits relating to totadmsysbsts. Furthermore, there are
some potential issues interpolating the results of the suctesofanon-responders versus those
who did respond and their respective success rates. AccordiMjhiie et al. (1993),
approximately ninety-six percent of manufacturing firms repogilémenting at least three of
the “Just-In-Time” principles, which may indicate potential owgerting of implementation,
usage, or the effects of non-response if organizations had not implementedranpraiciples.
The findings in the change success research illustratesettpeeficy with which time,
resources, and money can be lost due to failed change initiativelseasabisequent importance
of providing better information to managers regarding the statuspiénmentation and use of
the corresponding principles and practices. Consequently, the developimé¢né lean
implementation assessment tool in this research may leadréased success due to increased

information when implementing lean warehousing principles and practices.

Linking Manufacturing Strategy to Performance

Wheelwright & Hayes (1985) propose and develop a linkage between manuafactur
strategies and increases in performance of those manufadiunisgthrough a corresponding
competitive advantage gained through implementation. Wheelwrightye$4(1985) develop
the theoretical linkage between the level of involvement of manufiagtur strategic planning
and decision making. Similarly, the implementation of lean warehgsinciples gained could

result in gaining a competitive advantage in the market.
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According to Wheelwright & Hayes (1985), the four stages of matwiag’'s
organizational role move from “internally neutral”, to “externahgutral’, to “internally
supportive”, and to “externally supportive”, where competitive advantagegained through
manufacturing in the final stage. The decisions associatednaitiufacturing include “capacity,
facilities, equipment and process technologies, vertical irttegravendors, new products,
human resources, quality, and systems” (Wheelwright & Hayes, 198tseTpractices are the
very aspects that lean manufacturing and lean warehousirpaogigies attempt to improve
and subsequently need to be measured in warehouse assessments.

The Wheelwright & Hayes (1985) stages directly correspond to theaegth which
lean implementation activities have progressed and were observdiffeient warehouses.
Subsequently, the perceived importance by management of the warelapesiaion’s role as a
competitive advantage leads to additional resources and focus on ic@grpeiugh operations
productivity, quality, and profitability. The importance of tharehouse operation’s role was
directly observed in this research with the amount of time asalirees used to implement lean
principles and practices at the warehouses studied.

Bates, Amundson, Schroeder, & Morris (1995) examine the relationshipedret
manufacturing strategy and organizational culture along a continuthimwhe corresponding
framework developed by Wheelwright & Hayes (1985). The Bates €1995) manufacturing
strategy continuum ranges from “poorly to well-aligned and implged” and the
organizational culture continuum ranges from “hierarchically-oréenite clan-oriented.” The
corresponding manufacturing practices are “formal strafggiming process, communication of
strategy, manufacturing strategy strength, and the conweetdle of manufacturing” (Bates et

al., 1995).
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Similarly, the cultural practices are “individualism/collecivi, power distance, and
cultural congruency” (Bates et al., 1995). Surveys were conductiedty-one plants in three
industries, using a mixed scaling methodology where respondents ragedvatious
manufacturing and cultural aspects of their organizations. aheskt al. (1995) survey results
establish that a relationship exists between manufacturing strategy anizatignal culture, but
the directionality, causality, or dependency of the relationshipstisletermined. The relation
of culture and strategy directly tie to the principles assediatith lean manufacturing and lean

warehousing and are further examined in the following sections.

Measuring Organizational Culture Aspects

Many of the lean principles and practices identified in thedliitee relate to various
cultural aspects of organizations and the successful implementatiainange initiatives.
Subsequently, Hofstede, Neuijen, Ohayv, & Sanders (1990) present the &malaresearch
framework and methodology for measuring those aspects of orfanaecultures that pertain
to the lean manufacturing principles and practices quantitatively.

The research framework of Hofstede et al. (1990) operationamgesizational culture
into independent practices to be measured and the extent to wiashratde characteristics can
be attributed to unique features inherent in organizations. The Hofstedd. (1990)
methodology utilizes interviews as a basis to create a survayiaueire to measure four types
of manifestations of culture: symbols, heroes, rituals, and valubs. Hbfstede et al. (1990)
symbols, heroes, and rituals are combined into the common label dicgsam the work
situation, while the values relate to work goals and generafdeliéhe significant Hofstede et

al. (1990) individual factors for those practices are process-edieversus results-oriented,
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employee-oriented versus job-oriented, parochial versus professional, sgpgems versus
closed systems, loose control versus tight control, and normativesv@a@gmatic. Hofstede et
al. (1990) report the significant individual factors for values to beeed for security, work

certainty, and a need for authority. These significant underlyotprs and framework from
Hofstede et al. (1990) were used to identify and measure varioustsaagieorganizational

culture associated with lean manufacturing principles and practices.

Zeitz, Johannesson, & Ritchie (1997) use a similar methodology to Hefstel. (1990)
for developing and validating an employee survey measuring theicesa@nd supporting
organizational culture relating to the organizational improvemenadmgan Total Quality
Management (TQM). The survey instrument consists of thirtesstipes associated with TQM
and ten practices associated with organizational culture ortelimath one-hundred-thirteen
individual survey questions. Zeitz et al. (1997) conduct a factor sigdty determine that fifty-
six of the original items measure only seven of the original Tagadtices and five of the culture
practices, accounting for the majority of the variance observedordiag to Zeitz et al. (1997),
the seven significant TQM practices are management supporestiong, use of data, supplies,
supervision, continuous improvement, and customer orientation, while theigniéicant TQM
culture practices are job challenge, communication, trust, innovatidnsacial cohesion. The
relation of TQM and lean manufacturing make these reseancliingis significant for the
development of the lean implementation assessment tool developed in this research.

Zeitz et al. (1997) provide the basic research methodology and fraknéw developing
an assessment tool to measure lean manufacturing implementatiarehousing operations
used in this research. Further, Zeitz et al. (1997) provide hodwbgical framework to

determine the significant underlying factors associated watiious practices related to lean
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manufacturing through statistical analysis, while potentetigounting for a significant amount
of the observed variance in the data. The research frameworkecuyltunciples, and practices
identified in this research to measure the implementation ofweashousing are derived from
the supporting literature and the existing tools leverages tearoksidentified by Zeitz et al.

(1997) for the total quality management principles.

Lean Concepts and Theoretical Framework

The fundamental lean concepts, principles, constructs, and practicesyareered by
examining the literature and the theoretical framework that QH®86), Shingo (1989),
Womack, Jones, and Roos (1990), Womack and Jones (1996), and Liker (2004) develop in the
respective works. A summary of each author's fundamental learemisndramework, and
practices are outlined in this section along with Table 1: Sugniretsle of Lean Constructs and
Key Authors following summarizing and synthesizing the lean theatdt@mework described

into the common nomenclature developed in this research.

Toyota Production System: Beyond Large-Scale Production

Taichi Ohno’s booKToyota Production System: Beyond Large-Scale Produdctias
originally written in Japanese in 1976 and translated to the cugmglish version in 1986
introduces the fundamental concepts associated with the Toyota Rynd8gstem. Taichi
Ohno was primarily responsible for the development and achievemetiteofissociated
production system at the Toyota Motor Corporation and provides a siamgleeasy to
understand insider perspective of the manufacturing methodologies bodbk. Furthermore,

Ohno (1986) provides the original, straightforward, uninfluenced frankewaad perspective of
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lean manufacturing principles and practices without the curresmagement jargon and
buzzwords.

The two pillars associated with the Toyota Production Systerarding to Ohno (1986),
are just-in-time and autonomation, or automation with a human touch,wtoch all the other
concepts associated with lean manufacturing are derived. Acgotdi Ohno (1986), the
development of the manufacturing system was originally frocessty due to requirements of
production flow with near-zero inventory and the constraints of post-WMfan. From this
context, the practices of just-in-time, pull systems, kanbans, produeteling, supermarkets,
fool-proofing, autonomation, andon, teamwork, and flexible workforce are apmaelwith the
overarching goal of cost reduction. Consequently, Ohno (1986) stateg®®,p0d he Toyota
Production system, with its two pillargi$t-in-time and autonomatipradvocating the absolute
elimination of waste, was born in Japan out of necessity.” The fumdalriean principles
associated with manufacturing operations of value-added work, nonaddieel work, and
waste, developed from the resource constraints in post-WWII Japdisansesed and defined in
detail in Ohno (1986). The concept of waste derived the seven tirmaste are defined in
Ohno (1986) and their effects discussed, namely, overproduction, waitingpottatisn,
processing, inventory, movement, and defects.

In addition, many of the other fundamental techniques associatéd thdt Toyota
Production System and now lean manufacturing are presented in Ohno (I9&6)deas of
profit-making industrial engineering, maximizing worker utitiza rather than machine
utilization, small lot sizes, quick setup, and preventative maintenaa@aiined. The five-why
method of problem solving and correcting root-causes of problems tatrersymptoms are

presented and related to organizational culture, empowerment, and eengogagement.

21



Furthermore, the decentralization of tasks and assigning detiesiated with creating standard
work sheets to operators is discussed with the concepts of visuallspaycle time, takt time,
work sequence and standard inventory. Ohno (1986) provides the fundamane&atérk from
which the concepts associated with the Toyota Production Systendesedoped and
subsequently the framework associated with lean manufacturing.

The principles and practices outlined in Ohno (1986) were incorporatedthet
development of the lean implementation assessment used in thischeseéehe conceptual
framework for lean warehousing is a derivative of those fundaheniciples and practices set

forth in Ohno (1986).

A Study of the Toyota Production System: From an Industrial Engineering Viewpoint.

Shingo (1989) describes the basic principles of the Toyota Productsiansys the
process of eliminating waste through continuous process improvementfuridementals of
continuous process improvement discussed by Shingo (1989) are achievel #tuolygng and
mapping processes, which is where the principles of value stmegpping are derived. The
main form of waste to be eliminated in the Toyota ProductiorteByss the waste of
overproduction, which is eliminated by utilizing just-in-time defy of goods to eliminate
inventory and work in progress (WIP). According to Shingo (1989), the waste rpfashaction
can be reduced in manufacturing primarily through set up reductitmigees, namely the
Single-Minute-Exchange-of-Dies (SMED) methodology he developBde ability to quickly
change over machines allows for the other common lean practeesaaed with the Toyota

Production System to be achieved: pull systems, supermarket systagrpiece and small batch
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flow, reduced buffer sizes, leveled flow, demand stabilization, eltmgpéatching and queuing,
and increasing order frequency.

Further, the separation of workers and machines is achieved thaotg@iomation, or
automation with a human touch, according to Shingo (1989). Additionally, wotikeations
are to be maximized rather than machine utilizations; conseyuemitkers are cross-trained to
work across multiple machines at the same time. This concedpesrayout improvements to
be made and machines collocated into a cellular structure, faitbering the elimination of
various other types of wastes according to Shingo (1989).

Other practices associated to the basic principles of wastenafion discussed by
Shingo (1989) are fool-proofing, inspection processes, visual controls;WWFiye, Andon
systems, Statistical Process Control, suppler integration, amdbstized work. Shingo (1989)
provides additional support to the fundamental concepts associated witbhyibta Production
System or lean manufacturing, as discussed by Ohno (1986) and usedemdlopment of the

structure of the lean implementation assessment tool used in this research.

The Machine That Changed The World: The Story of Lean Production

Womack, Jones, and Roos (1990) conducted a five-year, five-million-dlthr sf the
Toyota Production System in conjunction with the Massachusettdutastof Technology
International Motor Vehicle Program during the late 1980s. Thelysexamines the
development, current conditions, and potential future state of the autonmokirsgtry comparing
various statistics across automotive components and organizations \WMtnth America,
Europe, Japan, newly industrializing countries, and the rest of thd. weurthermore, the book

“The Machine That Changed The World: The Story of Lean Production: How Japareés Sec
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Weapon in the Global Auto Wars Will Revolutionize Western Indystoyides the historical
perspective of the development of mass production methodologies in thed Ustates
automotive manufacturing industry. In addition, the development of peaduction in the
Japanese automotive manufacturing industry after WWII is described in Woneck1€90).

According to Womack et al. (1990), “The truly lean plant has ey organizational
featuresit transfers the maximum number of tasks and responsibilities towuarkers actually
adding value to the car on the line, and it has in place a system fotidgtdefects that quickly
traces every problem, once discovered, to its ultimate ta¥8emack et al. 1990, p. 99).
Interestingly, these are not the same two most important keigieatified by Ohno (1986), but
were identified as important lean concepts and are needed in tretited framework of the
literature examined. According to Womack et al. (1990), Taichi Gtwnod that the American
mass production system was wrought with effort, material, and Wwaste adding to overall
system costs. This method of production and inventory investment woulze feasible under
the initial system constraints in Japan. Consequently, the roleasfewelimination and
maximizing the percentage of workers conducting value-addedgsex®ecame a central tenet
in lean manufacturing.

Other important practices of lean manufacturing identified by Atdnet al. (1990) are
quick changeover, just-in-time systems, kanbans, production leveling;lsated production,
and supplier integration. In addition, some of the quality practi®mack et al. (1990)
associate with lean production are quality circles, Kaizen,-prowfing, and problem-solving
through root-cause analysis (Five Why’s). Finally, the presticelated to lean production

attributable to workers and organizational culture are the orgamzatiemployees into teams,
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utilizing team-leaders instead of supervisors, worker empowerfoendecision making and
improvement, and the use of andon systems to fix quality problems upon detection.
Womack et al. (1990) further expand upon the current practicezedtidit Toyota in the
lean manufacturing environment, to describe industry best praciicd the potential future
developments of globally lean corporations in all aspects of busir@sstifie manufacturing
shop-floor, to product development and design, to supply chain managementtaimecus
interaction, and general management practices. Womack el198l0)( provide additional
theoretical framework, identifying the important principles apdactices used in lean
manufacturing that were incorporated into the development of the il@@lementation

assessment tool used in this research.

Lean Thinking: Banish Waste and Create Wealth in Your Organization

Womack and Jones (1996) provide additional theoretical framework andpfasici
associated with lean manufacturing, using the modern semanticasingir and ideas,
fundamental to the Toyota Production System or lean production. Thenéire concepts of
lean thinking presented by Womack and Jones (1996) are value, valmsstiow, pull, and
perfection or continuous improvement.

According to Womack and Jones (1996, p. 16), “The critical starting painkean
thinking isvalue..defined by the ultimate customer...only meaningful when expreasedms
of a specific product...Value is created by the producer.” Aalthlly, Womack and Jones
(1996, p. 15) state that “any human activity which absorbs resourcesedaies noalu€' is
waste, ormudain Japanese, of which there are two types: avoidable waste and ub&roida

waste. The fundamental lean thinking goal is to increase filbeofatalue-creating activities to
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waste by eliminating the seven forms of waste, presentdudnwihe original Ohno (1986)
framework.

“The value-streamis the set of all the specific actions required to bringpeciéic
product...through the three critical management tasks of any busiiesproblem-solving
task.., theinformation management task and thephysical transformation task” (Womack
& Jones, 1996, p. 19). Consequently, the value-stream extends beyond individuedsrssio
upstream and downstream enterprises, which are to work coopgratigeh system across
organizations, to maximize value and eliminate wastes throughout the supply chain.

After the supply chain has been evaluated in terms of value thestegxtn creating a
lean enterprise is to create product flow because “...things weitkrbwhen you focus on the
product and its needs, rather than the organization or the equipmehgt sl the activities
needed to design, order, and provide a product occur in continuous flow” @Gdnadones,
1996, p. 22). Many of the lean concepts corresponding to lot sizing andamftsv are
derived from the lean product flow principle, from just-in-time, orex@iand small-lot flow,
quick changeover, standardized work, takt time, employee empowerst@mard operating
procedures, visual control, Andon, demand leveling, total productive mainégraantt mistake-
proofing.

Furthermore, according to Womack and Jones (1996), product flow is managed b
customer demand, just-in-time, since upstream production is onlytaditieghen end customers
purchase products downstream, triggering the pulling of products from predtiteugh
suppliers.  Pull-systems are achievable mainly through the leanufacturing inventory

management concept of kanbans/production signaling, and by co-locatitigrisncto cellular
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structures to minimize travel, waiting, and inventory requirememtsaddition, trailer arrival,
loading, and unloading processes are standardized to facilitate frequeinttioe deliveries.

Womack and Jones (1996) specifically address the lean conssptsated with product
flow and their importance in warehousing and distribution operations rits pléstribution
centers. The Womack and Jones (1996) lean warehousing and distribution saareept
commodity delineation, routing and travel paths, velocity and slottwygut and zones, travel
distance, process control boards, Kaizen, and order frequency. Wa@mdcBones (1996)
provide a specific example of process control boards a tool used in lean warehousing.

The fifth and final principle of lean manufacturing according to \@cknand Jones
(1996, pg 350) is perfection, which is “The complete eliminatiomoélaso that all activities
along avalue-streantreatevalue” The lean concepts associated with perfection are continuous
improvement, radical improvement, change agents, and leadership odireantid roles.
Leadership direction and roles relates to organizational culhuréhe importance exhibited by
senior management on implementing lean manufacturing principlds peactices as was
demonstrated in Hayes and Wheelwright (1984).

Additional lean concepts described by Womack and Jones (1996) used étpiay
measures on the lean implementation assessment tool are peslucproductivity, on-time
deliveries, inventory turns, and quality. Furthermore, Womack and Jb®@8)(advocate the
use of a lean scoreboard to measure lean implementation. Addyjonadmack and Jones
(1996) discuss the lean concepts of order frequency, supplier developmghbyee and
management involvement, value-stream mapping, autonomation, and scrap, sewloh&ad-
time tracking. Furthermore, Womack and Jones (1996) encourage linkingecsation to

profits to encourage cross-functional cooperation, enhance overall sffi@ency, and support
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urgency and engagement in the lean initiative. All of these leanigles and practices were

identified in the analysis for the development of the lean implementation assés$sah.

The Toyota Way: 14 Management Principles from the World's Greatest Manufacturer

Liker (2004) provides a comprehensive and detailed description of the Iaaiplps of
management, business control processes, and management structuley usatbus lean
manufacturing firms. The Toyota Motor Corporation and the ToyaidURtion System are the
most widely described manufacturing systems and methodologies in(2(K&t). The historical
development of the business control procedures are discussed in relahendevelopment of
the lean principles and processes used, from the original Toyota pititeidoom), to post-
WWII vehicle production, to the development of the luxury brand Lexus, a@dmodern
development of the Prius hybrid vehicle. Liker (2004) describesetn® principles not only
related to manufacturing, but also in vehicle development, engineering, ancht®gitategy.

Liker (2004) outlines the differences between traditional automotines fand Toyota,
the performance differences between the firms, and the umdepsinciples of problem solving,
people and partners, processes, and corporate philosophy. Liker (2004edetberiheart of the
Toyota Production System as eliminating waste and the corresgoedjht forms of waste,

including underutilized people, one more than Ohno (1986).

The Fourteen Lean Principles identified by Liker (2004, pg v - vi) are as follows

“Principle 1: Base your management decisions on a long-term philosophy, evenextpense
of short-term goals.”

“Principle 2: Create continuous process flow to bring problems to the surface.”
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e The discussion of process flow relates to eliminating waste, -aalded work, mass-
production thinking, one-piece-flow, production, and creating improvements in various
manufacturing, engineering, and office functions.

“Principle 3: Use ‘Pull’ Systems to avoid overproduction.”
e The usage of kanbans is discussed in traditional and non-traditional functions.
“Principle 4: Level out the workload.”

e Balancing work flow and standardized work and tasks is discussed.

“Principle 5: Build a culture of stopping to fix problems, to get quality right the first time.”

e Andon systems are discussed.

“Principle 6: Standardized tasks are the foundation for continuous improvement anoyeenpl
empowerment.”

e The relation of business control processes, decentralization of mag@tyeand the
corresponding bureaucracy, structure, and employee empowerment invd&aisgpon
making, creating job standards, and improvement are detailed.

“Principle 7: Use visual control so no problems are hidden.”

e One-page reports, the Deming'’s, Plan-Do-Check-Act Cycle, and agg@mal learning
is discussed.

“Principle 8: Use only reliable, thoroughly tested technology that serves yaylgpend
processes.”

e The discussion of implementing technology that truly reduces agsthi@mation versus
automation that developed in the 1980s, and the role of IT at Toyota are discussed.

“Principle 9: Grow leaders who thoroughly understand the work, live the philosoptyteach

it to others.”
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“Principle 10: Develop exceptional people and teams who follow your company’s philosophy.”
"Principle 11: Respect your extended network of partners and suppliers by challengingrtiem
helping them improve.”

e Concurrent engineering, supplier development, and supplier involvement are discussed.

“Principle 12: Go and see for yourself to thoroughly understand the situation.”

e Even at the manufacturing plants, managers spend 85% of thewrtithe floor, solving
problems, eliminating waste, and adding value to the operations.

“Principle 13: Make decisions slowly by consensus, thoroughly considering albnspt
implement decisions rapidly.”

e The problem solving approach of developing numerous alternative solutidlosating
problem solving teams, and gaining consensus from all the various furiotipasted by
solutions to minimize potential implementation issues before desisare made is
discussed.

“Principle 14: Become a learning organization through relentless rajlecind continuous
improvement.”

e Documentation processes, problem solving methodologies, and one-page reports a

outlined in detail.

Liker (2004) provides a comprehensive summary of the current managprmanples
and practices associated with lean manufacturing and their histonvedbpiment as presented in
the previous literature. Furthermore, various examples are pdoildstrating usage of the

various lean manufacturing management principles and practiceker (2004) provides
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additional detailed theoretical and practical framework for deteng the lean principles,

practices, and subsequent measures for the operationalization of assessmglkraentation.
Analyzing the theoretical framework developed by Ohno (1986), Shingo (1989),

Womack et al. (1990), Womack and Jones (1996), and Liker (2004) produced Tabtarhary

Table of Lean Constructs and Key Authors.

Table 1: Summary Table of Lean Constructs and Key Authors

Author / Ohno | Shingo Womack Womack & Liker Summar
Constructs (1986) | (1989) | etal. (1990)| Jones (1996)| (2004) y
Standardized X X i X X X
Processes
People X - X X X X
Quality X X X X X X
Assurance
Visual X X i X X X
Management
Workplace i i i X X X
Organization
Lot Sizing X X X X X X
Material Flow X X X X X X
Continuous X X X X X X
Improvement

Table 1 illustrates that all of the lean principles direatntified by the developers of
lean manufacturing are captured in the constructs identified inedearch. The lean constructs
identified are used to stratify the lean practices in the gulese literature review and then

operationalized to develop the lean implementation assessment tool used in énthrese
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Lean Trends

Since the initial descriptions of the Toyota Production Systeng tiere been numerous
accounts and reports of lean manufacturing, lean production, just-indimethe like in the
business press, academic literature, and general media. Soine lefah trends, progress,
examples, studies, and other research are examined in delasl foilowing section along with
the corresponding relation to the basic lean principles and leanicpsact Further, the
methodology used in the development of the lean implementation ass¢s®mol required
identifying a comprehensive list of the principles and practiessociated with lean
manufacturing discussed in the literature. This includes theifidatibn of specific tools and
organizational culture elements associated with implementing lean manugctur

Womack (2006) describes the current state of the automotive industAmerica
comparing General Motors and Ford to Toyota. The five weaknedsatified by Womack
(2006) are design, supplier integration, management culture, brandtyidemd customer
relations, not the factories, pensions, and unions. According to Wo2@@&)( GM and Ford
factories actually now compete with Toyota in terms of prodifgtand quality. This illustrates
the success that can be achieved in traditional manufacturing iopsran quality and
productivity through the long-term commitment of creating a leaterprise. According to
Womack (2006), the U.S. automotive focus will have to shift from intemenufacturing
operations to other internal functions and external functions to achieuly lean enterprise and
continue to close the performance gap with Toyota.

Quinn (2005) conducts an interview with the lean manufacturing experésld.
Womack where he describes the implementation process as divwoar ten year process,

which many Western managers have difficulty dealing with andagiag. Additionally, the
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Quinn (2005) interview describes the key components of lean as thesproiccreating value
from the customer perspective, mapping the process, improving material flomagihg waste,
pull systems, and customer demand, similar to the key constructs identified.

Balle (2005) describes the improvement paradigm as more thetno&tsols, but rather
as a system, and successful implementation requires amdattiby managers. Balle (2005)
states that “...the lean projects started in earnest withré@ésamanager experiencing an ‘ahal
moment...of sudden and profound insight.” Furthermore, Balle (2005) desd¢réomsportance
of managers implementing lean spending time on the shop-floor, tedespursuing
continuous improvement, and having willingness to experiment with opesatind learn. The
organizational cultural characteristics Balle (2005) descabe$eadership direction, the level of
commitment to the initiative, and the overall understanding of theabpes by management,
supervisors, and employees. These cultural characteristicsa#isdmere incorporated into the
development process of the lean implementation assessment tool for this research.

Rooney and Rooney (2005) create a glossary of terms and buzzwardsitasswith
lean manufacturing discussing everything from Andon to waste. RaonkyRooney (2005)
outline a five phase lean approach to systematically impleleantmanufacturing as creating
process stability, continuous flow to reduce work in process (WIREhsgnous production, a
pull system for replenishment, and level production demands. Other impl@da practices
Rooney & Rooney (2005) identify and define are Andon, autonomation, reducing avettch
gueue, cellular manufacturing, quick changeover, cycle time, error pgodfiFO, 5S, flow,
leveled production, inventory, JIT, Kaizen, kanban, one-piece flow, Pla@Hacok-Act
(PDCA), process control board, shadow board, standard work, standardngppratedures

(SOPs), supermarkets, total productive maintenance, value adtlesistraam mapping, visual
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controls, waste, and WIP. These definitions were important andedtilzhen determining
specific ways to operationalize and subsequently measure the asdgmplementation of the
lean warehousing principles and practices in the lean implementation assetsh

Similarly, Hunter (2004) identifies a ten-step approach to iagdtan production for
reengineering a manufacturing system. The correspondingcesattunter (2004) outlines are
reducing setup times, integrating quality control, integratinggimative maintenance, leveling
and balancing the system, integrating a pull system, utilimimgntory control, integrating
suppliers, applying autonomation/fool-proofing, and implementing computergratéel
manufacturing.

Hancock and Zayko (1998) describe top management, union management, staff
personnel, workers, and process engineers, which is just about evaydieng the important
personnel for implementing lean production. Furthermore, Hancock and Ze388) identify
manufacturing equipment reliability, machine setup times, quakection and resolution
methodologies, WIP inventory, leveled production requirements, finished gowdstory,
cross-trained employees, and shift communication as the impdatztors that can enhance or
limit lean implementation success.

Chapman (2005) describes the 5S system of workplace organizatior, aesin order,
shine, standardize, and sustain which has become a foundational prissgpteated with lean
manufacturing in practice. Furthermore, Chapman (2005) statesahé ‘there is a place for
everything and everything is in its place” philosophy of the yg®esn. The first step is to sort
out what material, equipment, machines, and supplies are needed orkipéaee to perform the
work and which are not. The second step is to set in order, cgganid visually represent the

essential material, equipment, machines, and supplies to miniana, tmotion, and searching
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movements. The third step is to shine, clean, and inspect alldtkeaneas, equipment, and
machines. The fourth step is to standardize the workplace organiratiative and maintain
the improvements daily by allocating time, creating checklstsl developing schedules for
maintenance. Finally, the fifth step is to sustain theaitive by making it a part of everyday
business by auditing, providing feedback, and managers, supervisors, plogees verifying
compliance to the initiative. The 5S system of workplace orgamizatiminates many of the
forms of waste, creates and enhances visual management, and carpatdatal for errors. 5S
is of even greater importance in organizations implementing learewehess-training is taking
place or turnover is high to reduce the amount of time associated with learmiwgask.

Worley and Doolen (2006) examine the role of communication and managsmpgairt
in a lean manufacturing implementation case study using a quaitagthodology. Worley and
Doolen (2006) find that management support plays a role in driving lean implemeatad that
communication was positively affected by lean implementation. tddie and practices Worley
and Doolen (2006) identify as lean manufacturing are 5S, Kaizen, kanbasystelins, quick
changeover, and value-stream mapping. Worley and Doolen (2006) develolanaebta
scorecard measurement approach to assess the effects ofdeafacturing implementation on
the following categories: customer needs, customer satisfactigplpyee attitude, employee
skills, processes streamlined / wastes removed, and lean concepts adopted.

Mehta and Shah (2005) describe the characteristics of a wakipatjon and develop a
causal loop diagram for the theoretical directionality of theiabées of the conceptual
framework associated with each of the practices, charamgriahd contingencies. The lean
practices Mehta and Shah (2005) describe are workflow integratiomalfpation and

standardization, and team interdependence, which can be measured usimgMter of SOPs
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and regulations, and the percent of employees involved in teamsctresly. The work design
characteristics Mehta and Shah (2005) identify are skill variatk identity, task significance,
autonomy, and feedback from the job, which can be measured using swstraynents. The
cultural and organizational contingencies identified by Mehta and @08b) are the degree of
technical uncertainty and the degree of coercion, and the erapboyeomes identified are job
satisfaction and job related strain, all measurable using Lskating and employee surveys.
Finally, Mehta and Shah (2005) determine the organizational outconies gmductivity and
performance, which can be measured using the Economic Value-Aqdedti@g Profit-Taxes-
Cost of Capital calculations developed by Brown (1996).

Treville and Antonakis (2006) examine organizational culture and ritvensically
motivating nature of lean production job design and the theoreticalonship between job
enrichment and intrinsic motivation as it relates to lean matwrfag. Treville and Antonakis
(2006) define lean manufacturing practices regarding reducing inveartidrincreasing capacity
utilization as WIP control and kanbans, pull systems, and setup redu&lsa, Treville and
Antonakis (2006) define variability reduction as a lean production ipeagtith regard to
standardization, documentation, SOPs, statistical process control, dofilhgr andon systems,
visual management, inspection processes, supplier integration, andagerkpgjanization. The
final lean manufacturing practice Treville and Antonakis (2006)rmutelates to organizational
culture with respect for workers regarding cellular structumess-trained employees, and
worker empowerment.

Kojima and Kaplinsky (2004) devise three poles of change relatée tdetvelopment of
a lean manufacturing index with regard to flexibility, qualityd @ontinuous improvement. The

flexibility index comprises seven elements of WIP and finished gamogentory, setup time
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reduction efforts, cross-trained employees, kanbans, just-in-tielalar layout, and teamwork
and team leaders. The quality index developed measures achiewdmeatity accreditation

and external quality performance arising from customer retufine continuous improvement
index developed measures improvement in flexibility through setup treduexternal quality

performance, and suggestion usage rates over a five year pegichakand Kaplinsky (2004)
provide a framework for which to operationalize and measure some gbritha&ples and

practices associated with lean manufacturing.

Martinez-Sanchez and Perez-Perez (2001) develop a framework of simdeators and
associated practices for each. The first indicator, elimimabf zero-value activities, is
characterized by the percentage of common parts in company modatie of work in
progress in relation to sales, inventory rotation, number of times amahabs parts are
transported, and percentage of preventative maintenance over total mamtenanc

The second Martinez-Sanchez and Perez-Perez (2001) indicator isuocaost
improvement constituted by the number of suggestions per employggegerpercentage of
implemented suggestions, savings and/or benefits from suggestions, percentagetivededrts
adjusted by production line workers, percentage of time machinesstangling due to
malfunction, value of scrap and rework in relation to sales, anduimber of people dedicated
primarily to quality control.

The third Martinez-Sanchez and Perez-Perez (2001) indicator tfumectional teams
comprised of percentage of employees working in teams, number acehtage of tasks
performed by the teams, average frequency of task rotatiorthamzercentage of team leaders

that have been elected by their own team co-workers.
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The fourth Martinez-Sanchez and Perez-Perez (2001) indicator iprdéiiction and
delivery consisting of lead time of customers’ orders, percertdhgarts delivered just-in-time
by suppliers, level of integration between supplier's delivery tied company’s production
information system, percentage of parts delivered just-initeteeen sections in the production
line, and production and delivery lot sizes.

The fifth Martinez-Sanchez and Perez-Perez (2001) indicator isintegration of
suppliers including percentage of parts co-designed with suppligrsber of suggestions made
to suppliers, the frequency with which suppliers’ technicians \ngitcompany, the frequency
with which company’s suppliers are visited by technicians, pegentof documents
interchanged with suppliers through EDI or intranets, the aveeagghl contract with the most
important suppliers, and the average number of suppliers in the most important parts.

The final Martinez-Sanchez and Perez-Perez (2001) indicatoexilé information
systems defined by the frequency with which information is gieeemployees, number of
informative top management meetings with employees, percentaggteh procedures in the
company, percentage of production equipment that is computer integnagietheanumber of
decisions employees may accomplish without supervisory control. Pablemmarizes the
Martinez-Sanchez and Perez-Perez (2001) framework.

Furthermore, Martinez-Sanchez and Perez-Perez (2001) collectgdusiag survey
techniques gathering a total of forty-one useful questionnaires.y Mfathe indicators had
varying degrees of use with the largest being setup time,rpiagee of production procedures
documented, and defective part value with relation to total saldge imiportant Martinez-
Sanchez and Perez-Perez (2001) practices related to lean warghaxgsiinventory rotation,

customer order lead time, and percentage of production procedures deainvéhteighteen
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variables significant in a stepwise logistics regression pruoeepredicting factory age, number
of employees, cost, quality, flexibility, and lead time. A samilramework as developed by
Martinez-Sanchez and Perez-Perez (2001) was used in the developmdahe lean
implementation assessment tool framework and operationalized atspicific scaling of

evaluation items used in this research.

Table 2: Summary of Martinez-Sanchez and Perez-Perez (2001) Six Lean Ingliors and
Associated Practices

Indicator Practice Practice Practice Practice Pradte Practice | Practice
Elimination of | % common| Value of Frgquency % of TPM
. Inventory | /distance
Zero-Value parts in WIP versus : versus total
Activities products sales rotation parts are maintenance
transported
Suggestiong Savings % idle Scrap | Number
Continuous per , % /benefits % . machines | /rework | quality
implemented defective
Improvement employee . from due to versus | control
suggestions . parts :
per year suggestions malfunction sales people
% Number and| Average % team
Multifunctional | employees % tasks frequency leaders
Teams working in performed of task elected by
teams by teams rotation | co-workers
JIT Production Lead time % parts in?ourﬁjalllt?(;n % JIT Production
and Deliver of customer| delivered JIT intearation parts and delivery
y orders by suppliers wi?h IS delivered lot sizes
0,
% parts co-| Number of Frequ?ncy Frequency | ) ;Averﬁg? Averzge
Integration of designed | suggestions supplier company | documents | length of| number
Suppliers with made to technicians| technicians| interchanged contract | suppliers
bp . . visit visit with with key | for key
suppliers suppliers, . . )
company | suppliers suppliers | suppliers| parts
Frequenc Number of % Number of
Flexible TEAUENCY ! htormative | % written computer | independent|
. information . .
Information iven to employee | procedures| integrated| decisions
Systems 9 /management in company| production| made by
employees d :
meetings equipment| employees

Rasch (1998) identifies eight fundamental management pracssesiaied with lean
manufacturing: built-in quality, preventative maintenance, jusinme-t delivery system,
equipment standardization, pull system, leveled production, balanced Ipazitga and

standardized work. The additional core elements of lean manufer according to Rasch
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(1998) are team-based work organization, empowered employees, anosd-temployees,
Kaizen activities, small batches, error-proofing, root-causeblem-solving, and supplier
integration.  For comparison, Rasch (1998) operationalizes various hurganization,
production technology and methods, and quality system performance meaasuedict overall
company-wide performance.

The Rasch (1998) practices related to organizational culture sandture are
unionization, shop floor management layers, formal teams, relaxekl nutes, production
worker involvement and suggestions, production worker authority, production woakeng,
production worker cross-training, and pay incentives. These madiicectly relate to the
cultural aspects of lean manufacturing identified in the literature.

The Rasch (1998) practices of production technology and methods are adtomate
machine control, automated bar code tracking system, business sygtamation, just-in-time
inventory methods, shop scheduling, preventative maintenance, and houseked@rgality
system practices identified were the use of statisgiwacess control, formalized quality
programs and procedures, quality measurement efforts, and productiorspethe Rasch
(1998) practices are related to various interim performanceumesasf shop floor efficiency,
product quality, employee grievances, and unscheduled downtime and theamgsifof their

effects estimated in predicting each using regression analysis.

Lean Warehousing
The specific relation between lean manufacturing and leanhaaseng principles and
practices are examined to determine if there are any additspacts not identified in the

previous literature examined. Further, the limited extent tolwldan warehousing has been
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studied in the academic literature must be outlined to illustn@emportance of this research.
The initial work relating to lean logistics and lean warehou@ndgtailed in Jones, Hines, and
Rich (1997).

Jones et al. (1997) describe factory activities as five penadoe-added, thirty-five
percent necessary non-value-added, and sixty percent waste erfantd, Jones et al. (1997)
identify the key elements of Toyota’s methodology as leveled démaduced setup, one-piece
flow, pull systems, standardized work, developed SOPs, reduced avdP-proofing, visual
management, root-cause problem-solving, and kanbans. The additional J@he$1687)
distribution specific practices are delivery frequency, lotngizorder frequency, service rates,
value-stream mapping, Five Whys, and quality analysis. The Joraks(2997) warehousing
specific practices are bin size reduction, commodity storage, ityektocking, standardized
routing, standardized work, facility/department/function synchronizatitampower planning,
staggered routing, and root cause problem-solving procedures.

Similarly, Bradley (2006) describes the basic lean manufagtwoncepts with regard to
warehousing and distribution and a success story regarding leathonang. The main
concepts discussed with regard to lean warehousing are cudtwyah, Kaizen events, order
accuracy, and on-time shipments.

All of the above research and the framework described in the presemti®ns were
synthesized and stratified into the fundamental lean construtteritesponding lean practices.
The lean practices identified from the literature operationalize thehgrttal lean constructs by
creating a comprehensive list of associated shop-floor leantiastto be measured. The lean
practices were subsequently operationalized into specific nesddarevaluation items to create

the lean implementation assessment tool for measurement, compandotata analysis. The
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resulting summary outlining the corresponding lean principles antigagsddentified from the
literature for lean warehousing can be seen in Table 3. Theaissolean constructs and lean
practices are proposed from the synthesis of the comprehensiatutitereview and utilized for
development of the lean implementation assessment tool. The stjucvided is leveraged to
operationalize the lean warehousing concepts into the lean cossindtcorresponding lean
practices to be measured to understand lean implementation wahehousing for this research

and subsequent analysis.
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Table 3: Sobanski Lean Implementation Assessment Tool Constructs afiactices

Construct

Lean Practice

1. Standardized SOPs Standardized| Commodity P(rinocrgggrs] & Trailer Loading| Routing & i i i
Processes Work/Planning|  Grouping - & Unloading | Travel Paths
Best Practices
2 People Safety & Leadership Management Cross-Trainin Teamwork & PovgerDIZillstance Recognition & | Communicatior) Absenteeism &
’ P Ergonomics | Direction/Roles Style 9 Empowerment Y Compensation Strategy Turnover
Involvement
3. Quality 5 Whys, Root | Inspection & | Error Proofing Inventory Product & Quality Metrics i i i
Assurance Cause & Paretp Autonomation| Methodology Integrity Process Qualit y
4. Visual Value Stream| Process Contrgl Metrics & KPI . ) | (A3) One Page _ )
Management Mapping Boards Boards Lean Tracking| Visual ControlsAndon Systems Reports
5. Workplace 55 Signage & Cleanliness Slvllja?tzlr)i,a% Point of Use ID Problem i i i
Organization Shadow Boards Storage Parts Areas
MGMT
. . Kanban Quick Lead Time d Order
6. Lot Sizing Batch Sizes WIP Systems Changeover Tracking Inventory Turnsg Frequency - -
. Leveled Flow & | Velocity & . Cellular Demand .
7. Material Flow | Pull Systems Work FIFO Layout & Zones Slotting Travel Distance Structure Stabilization Cross-Docking
8. Continuous . Employee Understand Preventative Supplier Technology & )
Improvement PDCA Kaizen Events Suggestions | Systems View| Maintenance Integration SPC Equipment
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Measurement and Assessment Discussion

Numerous analyses, applications, and discussions of various measurentent a
assessment tools, devices, and techniques are discussed in thrsadeaty with their relation to
the lean principles identified and the corresponding lean practicesuneel. Consequently, the
methodologies, scoring, and practices used provided a detailed foaknesth regard to the
construction of the lean implementation assessment tool developed for this research.

Taj (2005) uses the Strategos Inc. lean assessment tool taeatvainty selected plants
in the Chinese hi-tech industry. The assessment tool utilizede@nananufacturing practices
in which facility managers self-report facility performarregarding inventory, team approach,
processes, maintenance, layout/handling, suppliers, setups, qualityheddlsg/control. The
results are fairly consistent across the various sections dréomv of forty-five points in the
inventory practice to a high of seventy-one points in the mainteaiacece out of the possible
one-hundred points. The lower scored items are inventory, supplierpraesses, which are
generally aspects of the business that tend to be out of the cohtpdant management.
Conversely, the higher scored items are maintenance, layout, and swhedlich are
generally within the control of plant management. The Taj (200b)tsesay have to do with
the perceived risk of reporting potential weaknesses to outsiders, a bias wherliisempsting
tools, or the specific assessment tool used when scoring these various aspauts of le

The data collection strategy and methodology used by Taj (2083itle vague, but the
ninety-one students enrolled in the author’s operations managementatlght in China were
asked to contact “manufacturing executives” to determine ifweayd be willing to participate
in the research project. A “manufacturing executive” is notinddf other than plant

management, potentially encompassing a wide array of roles symohegbilities depending on
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the industry, size, and structure of organizations from directorat@agers to supervisors. The
individual responses on the forty item questionnaire are coded framazéyur and totaled for
each of the nine response areas. Furthermore, the individuabgeemte scored from zero to
four based on the response levels of the individual questions withian@es of equidistance,
although many response possibilities are not equidistant from adoart Consequently, any
conclusions drawn from the research must be made with this response structure in mind.

Doolen and Hacker (2005) review numerous lean assessment tools devwsigpedean
practices used in organizations associated with manufacturinggstras outlined by Hayes and
Wheelwright (1984). Doolen and Hacker (2005) summarize the leassas=set tools and the
lean aspects addressed by each tool with regard to topiccgsaand techniques. Many of the
specific tools are examined individually in detail in the followssgtion of the literature review,
Assessment Tools. Doolen and Hacker (2005) note that despite the nutnel®asd research
conducted in this area that a universal set of lean practicesdtalseen identified in the
literature. Doolen and Hacker (2005) identify six impact aream@facturing equipment and
processes, shop floor management, new product development, suppliensklps, customer
relationships, and workforce management) for twenty-nine various laaaofacturing principles
and practices. Doolen and Hacker (2005) develop a survey instrumieaskbBaespondents to
rate each of the twenty-nine items, if used, in each impaat area Likert scale from always,
most of the time, some of the time, rarely, or never. Doolen aokerd#2005) survey twenty
seven companies, finding that most of the lean practices areedyobeing used by nearly
every company, while only a few are used less frequently.

Kiefer (1999) develops an empirical analysis of warehouse nmexasuat systems with

respect to measuring supply chain performance. The Kiefer \1888sures are divided into

45



five categories: order fulfillment, storage, receiving, custosatisfaction, and cost/earnings.
Each category is further broken down into various measures rel&ingroductivity,
performance, utilization, etc. for labor, equipment, and overall. TledeKi(1999) survey
respondents, with a thirty percent response rate, identify measag use, determine primary
units of measurement, rank their perceived level of supply chamageaient implementation,
and provide demographic data. Some of the important measures Kiéb9) identifies are
picking productivity, utilization, performance relative to standardstiroa-shipment, damage,
incorrect orders, receiving productivity, inventory accuracy, cydenting, inventory turns,
order fill rates, and costs. The operationalization of the leaciplkes and practices developed
in the lean implementation assessment tool followed the sanm@doddgy described by Kiefer
(1999).

Shah and Ward (2003) identify twenty-one lean practices and tbeaiesponding
appearance in key references relating to bottlenecks, celloéarufacturing, continuous
improvement, pull systems, etc. Furthermore, Shah and Ward (2003) explore tbestalat of
implementation of lean practices on a three-point scale frommpdementation, to some
implementation, to extensive implementation versus plant unionizationardjsjze. Shah and
Ward (2003) find four significant factors using factor analysistlier lean practices relating to
just-in-time practices, total productive maintenance practitesl quality management
practices, and human resource management practices. Furthemmorgzation and age are
found to have significant negative relationships with numerous leancesgavhile size is found
to be significantly positively related to most of the lean practices.

Fullerton, McWatters, and Fawson (2003) identify various practesscated with just-

in-time (JIT) and examine the relationship of practice implaaten and financial performance.
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The work practices are related using surveys associated fTtheplementation factors and
control variables. Using factor analysis, Fullerton et al. (2003jerd¢he practices with JIT
manufacturing (focused factory, group technology, reduced setup timndsicpve maintenance,
multi-function employees, and uniform workload), JIT quality (produelijuimprovement and
process quality improvement), and JIT unique (kanban system and JIT purchasing).
Soriano-Meier and Forrester (2002) develop a model for evaluating leVdeanness”
in manufacturing firms. Soriano-Meier and Forrester (2002) iiyenine variables associated
with leanness as elimination of waste, continuous improvement, zexctslefIT deliveries, pull
of materials, multifunctional teams, decentralization, integrabbrfunctions, and vertical
information systems. Surveys supplemented with short, structutediews are used for data
collection across thirty-three firms. Soriano-Meier and Ftere@002) determine there is a
strong relationship between managerial commitment to JIT anasinicture investment. In
addition, they determine there is a correlation between firmsmdi@ lean changes and claim
adoption of lean principles and the investment in lean changes and performance.
Rowbotham and Barnes (2004) utilize the Hayes and Wheelwright (1686sthge
concept to develop a questionnaire that identifies the roles which actumirig plays in
organizations along with resulting qualitative research data. RowbadhdnBarnes (2004)
operationalize the four stages into a thirty question self-reoxtey using five-point Likert
scales administered to one-hundred-ninety-seven employees in dhmalé manufacturing
companies. The classification of manufacturing strategy stagkde to management
expectations of the strategy process, the status of the cum@mifacturing strategy, time
management with regard to the strategy process, and final actumirig plans produced as a

result of the strategy process. The three companies werel#ssified according to the Hayes
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and Wheelwright (1985) framework into their respective stagesdb@seheir responses. A
similar framework was utilized to develop the evaluation points ealihg for many of the lean
implementation assessment tool evaluation items to operationakzdean principles and
dimensions identified into specific measures.

Holt (2002) addresses readiness for change in organizations by degetopcale for
determining organizational change readiness. Holt (2002) identifies stages associated with
the process of implementing change: readiness of the environmeotuisty and attitudes of
organizational members, adoption of attitudes and behaviors to changdagapsc and
institutionalization of behaviors. The methodology for development of hhege readiness
scale begins with an initial inductive identification of individahbnge readiness themes; next,
an empirical identification of the most influential change readinthemes; then, an item
development and content validity assessment; and finally, questioradnmaistration and
refinement. The general methodology utilized by Holt (2002) was umsdkis research to
develop and administer the lean implementation assessment tool.

Holt (2002) identifies five significant factors relating to chamgadiness: management
support, personal confidence, personal benefit, organizational benefit, reaet dor change.
Furthermore, Holt (2002) sets an important foundation and frameworknfderstanding the
potential benefits of implementing a change paradigm like lesanufacturing in an
organization.

Lusk (1996) identifies and quantifiably measures organization-widd¢orga that
determine the extent to which lean practices are used in organizations. rearéhdrusk (1996)
identifies the features and basic principles associated with the TagpolacBon System, just-in-

time production, and lean production in an extensive review of the iteaature. The Lusk
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(1996) data, from eighteen organizations, consists of their scoré® aarious elements from
the fifty-two question SAE J4001 survey. Lusk (1996) measures aggamal culture aspects
of management and trust, people, and information, in addition to supplier amizatigaal
issues, customers, products, and process flow.

Karlin (2004) describes the principles of lean logistics anddhesponding practices as
reducing lead times, eliminating wastes, and achieving high gulibgistics systems. The
Karlin (2004) model for lean logistics is the Toyota Productiost&y and Toyota’s just-in-time
approach to North American logistics operations. Karlin (2004) ibescthe lean logistic
system foundation as being operational stability with continuous immene first in-first out
processing, standardized work, robust processes, no overburden, and supplier involvement.

The other practices supporting lean logistics according torKé004) are just-in-time,
built-in-quality, and culture, with flexible, highly motivated peoplbe tuse of “milk-run”
systems, and cross-docking operations for frequent delivery, pickup, and idathsol of
materials moving throughout the system. Another important pracaden2004) identifies is
the use of visual systems of control that track performanaaofidual operations against plans
in a simple easy to understand manner. Finally, the importantcen&arlin (2004) identifies

related to lean logistics are productivity, customer service, and wordtigikty .

Assessment Tools
There were numerous measurement and assessment tools identifigtbchreompiled,
and eventually compared to the lean implementation assessmentuelolpee in this research.

The major tools identified and examined are discussed in detail balomg with numerous
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comparison and summary tables that cross reference the leanuctnstientified in this
research and the explicit measures used in the various tools in Table 4 through Table 12

The MIT Assessment Tool (2001) or Lean Enterprise Self-Assedésimeol was
developed by the Lean Aerospace Initiative at the Massachusstitsite of Technology in
conjunction with Warwick University, the United States Air Foareg other related government
organizations. The MIT Assessment Tool (2001) provides a higher legahipational
assessment to examine the alignment of overall business pgasttbethe lean manufacturing
philosophy. The tool is intended to assess organizations at the eatéeprl and to highlight
key integrative functions with regard to the fundamental lean iplesc of standardized
processes, health and safety, leadership and empowerment, tr@ogrigms, built-in-quality,
quality processes, value-stream mapping, supply chain managemaatices, just-in-time
practices, balanced flow, and continuous improvement. According to K0D1§, the
assessment process is part of the lean transition process raadoeagieveloped. The MIT tool
helps organizations to align business processes at the enterpekeoid it does not provide
detailed lower level facility and shop floor feedback or directiohickvis an outcome of this
research.

Conversely, the Gatlin Educational Services, the Industrial Solutionis,and Strategos
Consultants assessment tools all provide a similar basic frarkewilizing six, four, and nine
fundamental lean principles measured across various numbers of lean pragpadgjvely. All
three assessment tool frameworks can be extrapolated to corréspgbrceight lean constructs
developed in this analysis. Furthermore, the scaling methodologiés tosdelineate the
traditional practices from the lean practices are somevimédady being measured from one to

ten on the Gatlin Educational Services tool, zero to five on the InaluStidutions tool, Inc., and
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various levels from one to five on the Strategos Consultants toeé tdols provide similar
frameworks for assessing general facility lean practegisout providing detail to individual
functions, specific actionable items, or detailed lean pragtiaa intended outcome of this
research.

Additionally, the Kremer (2004) assessment tool outlines three spksah principles:
operational excellence, just-in-time, and people. The operation&llenae principle is
comprised of 5S, quality process, work cell/areas as profit rsentssual controls, standard
work, and total productive maintenance. The Kremer (2004) just-in{pinmeiple contains
continuous flow, pull systems, leveling, and quick changeover, while the epgoipiciple
includes continuous improvement, training, and supplier/customer alliang€esmer (2004)
provides a lean assessment handbook for lean implementers to detecoring, evaluation,
planning, and execution of lean implementation activities. The deskeuature of the tool
follows the basic lean constructs developed in this analysis, buspiafics could not be
examined in detail since they were not included in the published work.

The ThroughPut Solutions (2005) assessment tool provides a very ganerglick
assessment structure that only outlines a few of the basictestructs with regard to people,
guality assurance, and the lean practice machine changeoverg.hioughPut Solutions (2005)
tool seems to be developed as more of a questionnaire for ThrougblBtiorfs to gather
background information for potential consulting services rather than deromeaningful
feedback to individuals regarding lean implementation or assessment.

The Virginia Tech Center for High Performance Manufacturdg®M) (2005) and the
Montana Manufacturing Center-Virginia's A.L. Philpott ManufactgriExtension Partnership

(VPMEP) (2006) assessment tools provide fairly detailed assetsofesome of the basic lean
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constructs. The Virginia Tech CHPM (2005) tool provides detaiespanse options for
assessment questions with various scaling techniques, descriptidng/pas. The response
options for the forty-six questions on the Virginia Tech CHPM (20GSessment tool are
extremely diverse and range from simple yes/no possibiliteghree, four, five, and six
potential options depending on the specific practices being examinghile the Montana
Manufacturing Center-VPMEP (2006) assessment tool has twentyiapsestll with five
response options that are consistently equidistant with varioust-Lyker scales, percentages,
and other various numerical figures corresponding to people, dollarsTe¢coverall structure
of the two tools and the response option scaling methodologies prosidela, although less
comprehensive framework, than developed in this research.

Various other practical industry lean assessment documentsewan@ned from two
organizations implementing lean warehousing principles and practides.internal tools and
documents were compared to the framework developed. Both organizdboonments capture
various aspects of the fundamental lean constructs as developieid enalysis, but do not
consistently capture all of the corresponding lean practicesiassbavith each of the lean
constructs. Furthermore, the scaling and scoring methodologieoplsdein both sets of
documents are fairly subjective and potentially somewhat assessoicspecif

The potential impacts of assessor bias, response option subjectindy,ragéing
subjectivity are inherent in most of the tools examined in the literature. Tha®wa points for
the lean implementation assessment tool developed in this amalysisto create equidistant,
consistent, and concrete response options to reduce the amount of alsssssord rating
subjectivity to increase the likelihood that assessment resattklvioe valid, reliable, and have

inter-rater agreement.
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Detailed Comparison of Assessment Tools

The framework developed from the literature for this reseamalysis was summarized
previously in Table 3, illustrating the eight fundamental lean oaectst identified and the fifty-
eight corresponding lean practices associated with each of dhectestructs. The other
assessment tools are compared side-by-side in Table 4 wjéndréo the lean constructs
developed in this research. Furthermore, Table 5 through Table 12rectig@andividual lean
practices associated with each of the assessment toolsnedamthe literature review side-by-
side to the lean construct framework developed in this research.

Finally, Table 13 provides a summary of all observed practices ssddlen each of the
lean assessment tools compared to the comprehensive framewor@pddvel this analysis.
There were two practices identified in the literature reuieat were not addressed in any of the
tools analyzed. Cross-docking and trailer loading and unloadingo#teunique measurements
to the lean implementation assessment tool developed in this resdatditionally, there were
numerous other practices identified that were only measured in da® af the various tools
examined, which are all included in the development of the lean imptativen assessment tool

in this research.
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Table 4: Lean Constructs Addressed in Various Lean Assessment Tools

Gatlin Industrial Strateqos ThroughPut Virginia Tech Montana Mfg. Internal Internal
Sobanski (2008) MIT (2001) Educational Solutions. Inc Kremer (2004) Consult%mts Solutions CHgPM (2005) Center- Company Company
Services T (2005) VPMEP (2006) Tool #1 Tool #2
Standardized | Standardized Standard Work] Standard Work  Standard Work Processes - - SOPs Processes Standa_rt;hze &
Processes Processes Stabilize
Operator Employee Leadership & P Training &
Health & Safety Team Approac Flexibility Team Approac Safety Empowerment Cross-Training Development
Leadership & | Leadership & | Leadership & . Leadership & Layoffs & Workplace Empowered | Leadership &
People Training - Lean Culture
Empowerment| Empowerment| Empowerment Empowerment Turnover Environment Teams Empowerment
Training Health & Safety Communication Layoffs & Le_ader_shlp Training Employee Leadership &
Turnover Direction Safety Empowerment
Built-In-Quality | Built-In-Quality | Built-In-Quality Quality Metrics Quality Metrics| Built-In-Quality] Quality Metrics
A(s?sul?rgr):ce Quality Process Quality Metrics Autonomation
Quality Mistake Mistake Mistake Inspection Mistake Mistake
Processes Proofing Proofing Proofing P Proofing Proofing
\I\//Ia;ﬁz Setrrﬁ:rr:z Visual Controls Ma\r?a'lS u:riﬁent Ma\rﬁf u(-f‘rlnent
Visual Value Stream Visual Visual Visual Controls| Visual Controls ) 9 g g
Management Mapping Management | Management i Value Stream
Metrics . Visual Planning Visual Metrics
Mapping
Workplace ) Workplace Workplace Workplace Workplace ) Workplace Workplace Workplace Workplace
Organization Organization | Organization | Organization | Organization Organization | Organization | Organization | Organization
Kanban & WIP Quick Setups Inventor Batches & WIRH Kanban
Supply Chain : Changeover P " y
. Quick Setups & Lead Time
Lot Sizing Management h h ki
Practices Changeover Changeover Tracking
Changeover Work Cells Inventory wWIP Inventory Inventory
Just-In-Time | Just-In-Time | Just-In-Time | Just-In-Time | Just-In-Time Just-In-Time | Just-In-Time
Practices Practices Practices Practices Practices Practices Practices
Material Flow - - -
Balanced Flow| Balanced Flo Balanced Flgpw Balarfled | Balanced Flow| Balanced Flow| Balanced Flo
Continuous Continuous Continuous Continuous
Continuous Continuous Improvement | Improvement | Improvement PM ) ) Improvement Continuous Continuous
Improvement | Improvement Improvement | Improvement
TPM TPM TPM TPM
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Table 5: Lean Practices Addressed in Various Lean Assessment Todkandardized Processes

Virginia

Montana

: Gatlin Industrial ThroughPut Internal Internal
Stspgceggézeid (g/lolgl) Educational| Solutions, Citr:;tﬁt%%?s Solutions CESFA M{?I.D'ag;ter Company | Company | Summary
Services Inc. (2005) (2005) (2006) Tool #1 Tool #2
SOPs X X X X X 5
Standardized
Work/Planning X X X 3
Commo_dlty X X 5
Grouping
Common
Processes & X X 2
Best Practices
Trailer Loading 0
& Unloading
Routing & X X >

Travel Paths
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Table 6: Lean Practices Addressed in Various Lean Assessment TodPeople

Virginia Montana
5 MIT Gatll_n Indu;tnal Strategos ThroughPut Tech Mfg. Internal Internal
eople (2001) Educational| Solutions, Consultants Solutions CHPM Center Company | Company | Summary
Services Inc. (2005) VPMEP Tool #1 Tool #2
(2005) (2006)
Safety & X X X X X 5
Ergonomics
Leadership
Direction/Roles X X X X X X X X 8
Management X X X X 4
Style
Cross-Training X X X X X X 6
Teamwork & X X X X X X X X 8
Empowerment
Power Distance
& Daily X X X X X 5
Involvement
Recognltlon_ & X X X 3
Compensation
Communication X X X 3
Strategy
Absenteeism & X X X 3

Turnover
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Table 7: Lean Practices Addressed in Various Lean Assessment TodBuality Assurance

Quality MIT Gatlin Industrial Strategos | ThroughPut Virginia M':‘Aorgzrr:?er Internal Internal
A (2001) Educational | Solutions, Consult%nts Solutions | Tech CHPM \%MEP Company | Company | Summary
ssurance Services Inc. (2005) (2005) (2006) Tool #1 Tool #2
5 Whys, Root
Cause & X X X 3
Pareto
Inspectlon'& X X X X X 5
Autonomation
Error Proofing
Methodology X X X X X 5
Inventpry X 1
Integrity
Product &
Process Quality X X 2
Quiality Metrics X X X X X X 6
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Table 8: Lean Practices Addressed in Various Lean Assessment Todlssual Management

Montana

. Gatlin Industrial ThroughPut | Virginia Internal Internal
M Visual i (gggl) Educational | Solutions, Citr:;tﬁt%%?s Solutions | Tech CHPM M{%I\C/ltlezrll:;[er Company | Company | Summary
anagemen Services Inc. (2005) (2005) (2006) Tool #1 Tool #2
Value Stream X X X X X 5
Mapping
Process
Control X X 2
Boards
Metrics &
KPI Boards X X X X X X °
Lean
Tracking X X X X 4
Visual
Controls X X X X 4
Andon X X X 3
Systems
(A3) One X X 2

Page Reports
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Table 9: Lean Practices Addressed in Various Lean Assessment Todlgorkplace Organization

Workplace MIT Gatlin Industrial Strategos | 17roughPut Virginia Mvorgig?er Internal Internal
o p i (2001) Educational | Solutions, Consult?’;mts Solutions | Tech CHPM \?I.DMEP Company | Company | Summary
rganization Services Inc. (2005) (2005) (2006) Tool #1 Tool #2
5S X X X X X 5
Sighage &
Shadow X X X X X 5
Boards
Cleanliness X X X X X X 6
Supply &
Material X X 2
MGMT
Point of Use X 1
Storage
ID Problem X X 2

Parts Areas
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Table 10: Lean Practices Addressed in Various Lean Assessment Todlst Sizing

Gatlin Industrial ThroughPut Virginia Montana Internal Internal
L .. MIT . : Strategos 9 Mfg. Center
ot Sizing 2001) Educational | Solutions, Consultants Solutions | Tech CHPM VPMEP Company | Company | Summary
( Services Inc. u (2005) (2005) Tool #1 Tool #2
(2006)
Batch Sizes X X 2
WIP X X X X X 5
Kanban
Systems X X X 3
Quick X X X X 4
Changeover
Lead Time X X X X 4
Tracking
Inventory
Turns X X X 3
Order X X 5
Frequency
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Table 11: Lean Practices Addressed in Various Lean Assessment Todaterial Flow

. Gatlin Industrial ThroughPut Virginia Montana Internal Internal
Material MIT . . Strategos g Tech Mfg. Center
Educational| Solutions, Solutions Company | Company | Summary
Flow (2001) Services Inc Consultants (2005) CHPM VPMEP Tool #1 Tool #2
' (2005) (2006)
Pull Systems X X X 3
Leveled Flow
& Work X X X X X X 5
FIFO X X 2
Layout & X X X X 4
Zones
Velocity &
Slotting X X 2
Travel
Distance X X 2
Cellular
Structure X 1
Demand
Stabilization X 1
Cross- 0
Docking
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Table 12: Lean Practices Addressed in Various Lean Assessment Todlantinuous Improvement

. Gatlin Industrial ThroughPut Virginia Montana Internal Internal
Continuous MIT Ed ionall Soluti Strategos Sol ? Tech Mfg. Center C C s
Improvement |  (2001) Sucayona °|Ut'°ns’ Consultants (023(')0535 CHPM VPMEP TO m||ozr11y TO m?igy ummary
ervices nc. (2005) (20086) 00 00
PDCA X X X 3
Kaizen Events X X X X X 5
Employee X X X X X 5
Suggestions
Understand
Systems View X X X 3
Pre_ventatlve X X X 3
Maintenance
Supplier X X X 3
Integration
SPC X X 2
Technology &
. X 1
Equipment
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Table 13:

Summary of Lean Practices and Number Addressed for Each Constiuin Various Lean Assessment Tools

Standardized # People 4 Quality # Visual 4 Workplac_e #| LotSizing | # Material 4 Continuous
Processes Assurance Management Organization Flow Improvement
Safety & 5 Whys, Root Value Stream .
SOPs 5 Ergonomics 5 Cause & Paret 3 Mapping 5 5S 5 Batch Sizes | 2 | Pull Systems | 3 PDCA
Standardized Leadership Inspection & Process Contrg Signage & Leveled Flow & .
Work/Planning 3 Direction/Roles| 8 Autonomation 5 Boards 2 Shadow Board 5 wip 5 Work 5 | Kaizen Events
Commodity Management Error Proofing Metrics & KPI . Employee
Grouping 2 Style 4 Methodology 5 Boards 6 Cleanliness | 6 |Kanban Systems3 FIFO 2 Suggestions
Common Supply & .
Processes & | 2 | Cross-Training| 6 Ilr; \;gn:ic;ry 1 | Lean Tracking| 4 Material 2 Ch(agrlljl(zakover 4 |Layout & Zonesg 4 Sugtifrzzt?/ri]gw
Best Practices| gnty MGMT 9 y
Trailer Loading Teamwork & Product & . Point of Use Lead Time Velocity & Preventative
& Unloading 0 Empowerment 8 Process Quality 2 | Visual Controls, 4 Storage 1 Tracking 4 Slotting 2 Maintenance
. Power Distance .
Routing & . . . ) ID Problem . Supplier
Travel Paths 2 & Daily 5 | Quality Metrics| 6 | Andon Systems 3 Parts Areas 2 |Inventory Turng 3 | Travel Distance 2 Integration
Involvement
i _ | Recognition & 3 ) _ | (A3) One Pags 2 ) i Order 2 Cellular 1 spC
Compensation Reports Frequency Structure
i _ | Communication 3 ) i ) i ) i i i Demand 1 Technology &
Strategy Stabilization Equipment
- _ | Absenteeism & 3 - - - - - - - - | Cross-Docking| 0 -

Turnover
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Validation

Validation and usefulness are two key elements of research methodb&iggelp to
answer the fundamental questions inherent in research regardasumerent accuracy and
applicability. Babbie (2004) ifhe Practice of Social Researohtlines four different types of
validity: face, criterion, construct, and content as criteriarfeasurement quality. According to
Babbie (2004), face validity is the degree to which a measure seasmable that it captures
the variable. Criterion-related or predictive validity tie degree to which a measure relates to
some external criterion” (Babbie, 2004, p. 144). Construct valfditghe degree to which a
measure relates to other variables as expected within ensydt theoretical relationships”
(Babbie, 2004, p. 144). Content validity “is the degree to which a meeswees the range of
meanings included within a concept” (Babbie, 2004, p. 145). Consequentty,tygeec of
validity was addressed during the development phases of the Ipementation assessment
tool from theoretical development to shop floor development to theinglqirocess. The
feedback from the three development phases provided validation that thes tactually
measuring thentendedconcepts.

Pederson, Emblesvag, Allen, and Mistree (2000) present the “validatiore’sqgaan
alternative approach for validating research design methods wfereal, rigorous, and
guantifiable’ validation may be inherently problematic. The Pedessah (2000) “validation
square”, in Figure 2, directly addresses theoretical structalality, theoretical performance
validity, empirical structural validity, and empirical perfomca validity. Additionally,
Pedersen et al. (2000) argue that validation can only be addresseghtimrocedural validity

and not by the validity of method effects or method verification tjitothe use of results.
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Consequently, all the steps of the procedure must be valid, ratiofatorssstent, and

supported by axioms for the entire method to be valid.

Efg1mtion DESIGN Output:
METHOD *Design Solution
sresources

PURPOSE: . .
Defined based on METHOD VALIDITY

—P Criteria: USEFULNESS with
respect to a PURPOSE

*

- TN ]
Effectiveness: USEFULNESS: Efficiency :

Qualitative Evaluation of |——» METHOD Efficient and / or ——{ Quantitative Evaluation of

METHOD Effe.ctlve in achieving the METHOD
articulated purpose(s).

\+ | *\

Intuitive Knowledge
(1.e.. experience)

Appropriateness of Correctness of METHOD- Performance of Design - Perfo ce ofDeslgq
example problems used to . ) = Solutions and Method with
erify METHOD constructs, both Separately Solutions and Method ct 1
verty - and Integrated beyond example problems fespect to exampie
usefulness problems

(1) and (2) (6)

THEORETICAL | THEORETICAL
STRUCTURAL |PERFORMANCE
VALIDITY VALIDITY

‘ * “a Leap of Faith”

+ @ (4) and (3) ]

[\ EMPIRICAL EMPIRICAL <

l/ STRUCTURAL |PERFORMANCE
VALIDITY VALIDITY

—>

Figure 2: Design Method Validation from Pedersen et al. (2000, p. 7)

The subsequent rationale provided by Pedersen et al. (2000) for mefibctiveiess
requires accepting individual constructs comprising the method, aggefim internal
consistency of the construct construction, and accepting the sahgsen for verification of
method performance. Furthermore, Pedersen et al. (2000) provide ewbdoof efficiency

implying acceptance of the outcome being useful with respect tanttiel purpose, the
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acceptance that the usefulness is linked to method application, anthehatethod will be
important outside of the case study application.

Thus, the framework set forth by Pederson et al. (2000) for achiesssgrch method
validity begins with theoretical structural validity, addresfedh existing academic literature,
analysis and other sources. Next, empirical structural validityaddressed through the
development of example problems, trials, and pilots for method testifgrd, empirical
performance validity is addressed by the relevant and adcepidence seen from analysis of
example problem data versus theoretical expectations. Firtalysetical performance validity
is addressed by accepting the method usefulness beyond thelexaoblem or the evidence of
generalizability. The Pedersen et al. (2000) method for validavas the general process
followed in this research analysis through the theoretical develdpfoenstruct and practice
development), empirical development (onsite development), empirical rpparioe (pilot
process and feedback), and theoretical performance (additional application lgstana

Yauch and Steudel (2003) identify some strengths and weaknessesatads@dih
guantitative and qualitative methods of cultural assessment. Témgthis identified with
gualitative approaches are the ability to uncover underlying valuds baliefs and the
malleability in questioning allowing participants to raissuss important to them. The
weaknesses identified with qualitative approaches are the amoumhedfréquired and the
potential for overlooking important issues due to the relatively interpretivéseddubjects and
the participant control of the interviewing processes. Converselgording to Yauch and
Steudel (2003), the strengths associated with quantitative approaehi® ability to rapidly
collect and analyze data and the ease with which compariso® caade. The corresponding

weaknesses with quantitative approaches were with respondenttanderg and interpretation
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of questions, overlooking important issues not evident in preconceived datzicol devices,

and assumptions made regarding sample appropriateness. Consequenikgd amethod
approach can be used to limit the potential weaknesses and enhanpeténtial benefits
inherent in the methodologies. The approach used in the development of this researctl &llowe
mixed approach using predevelopment and onsite development at numerdiesfexienhance
applicability and generalizability of the tool.

Zeis, Johannesson, Ritchie, and Edgar (2001) examine goodness-offifotesiting
scale data on a five point Likert scale from 484 variables frora management and marketing
surveys fit to various statistical distributions. With Likeséle data, there is disagreement with
the applicability of ordinal and interval statistical measuhas to the continuous, equidistance,
and normality assumptions required in many of the subsequent chhtistichniques.
Consequently, Zeis et al. (2001) examine fitting normal, uniform, |logalprbeta, gamma,
exponential, and Weibull distributions to potential survey responsesigafigm strongly agree,
agree, neutral, disagree, and strongly disagree coded as 1, 2, 3, 4empa&jvely. Zeis et al.
(2001) find that forty-nine percent of the variables had a “not soredle” fit to one of the
distributions potentially creating errors in statistical conols This research illustrates that
the response values for questions need to be carefully determigesit@ equidistance and that
care needs to be taken when applying certain statistical ¢gemto data for making accurate

inferences.

Participatory Action Research
Participatory action research is defined as “an approafdt tmnducting research across

diverse areas of inquiry and social change... (involving) quantitativéitajive, or combined
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data methods, depending on the issue under investigation” (Khankete%, 2005, p. 2333).
The data collection process utilized in this research analghmns this classification and
combines various types of methodologies, classifying it as patiocy action research as
defined by Khanlou and Peter (2005).

Khanlou and Peter (2005) examine validity in participatory actisaameh outlining its
origins with action research in conjunction with participatory netea According to Khanlou
and Peter (2005), the basic cycle of action research involves & ayplanning, action, and
evaluation, which is similar to the Deming Plan-Do-Check-AgtI€ (1994), and an intended
outcome of this research is to provide better information to managkdditionally, the very
nature of participatory action research involves researcheadtimn and involvement with
research participants and subjects. The nature of this respeap@tct is to enhance
organizational awareness through involvement with facility personneprbyiding better
information to enhance organizational change efforts. Khanlou and R6#) identify fair
subject selection, favorable risk-benefit ratio, independent reviearmetd consent, and respect
for potential and enrolled participants as the important factoradsessing participatory action
research validity. Furthermore, during the lean implementasesament process and data
collection, the interaction of the assessor with the participaats intended to give specific,

actionable feedback to identify additional lean implementation opportunities anddkedba

Conclusions
There were eight fundamental constructs and fifty-eight leastipea identified from the
literature review associated with lean manufacturing and subsiglean warehousing, but

there is not a common theoretical framework, terminology, or descript the corresponding
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practices. This research clarifies the fundamental constassticiated with lean warehousing
and reviews the associated practices corresponding to each of dsnistmncthe literature and
assessment tools that have been developed. Furthermore, the comyeeheasi
implementation assessment tool developed measures the implemestatiotilization of those
lean constructs and practices at the shop-floor level. Additionéiéy lean implementation
assessment tool developed in this research provides increasadaitndor to organizations
implementing lean manufacturing principles in warehousing envirorsmarmd a methodology
for making resource allocation decisions, benchmarking, and organizdeanang. Finally,
this research fills the void that currently exists, while piimg a methodology to systematically

assess the principles, practices, and functions of lean in warehousing operations.
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CHAPTER IlI
METHODOLOGY

Introduction

The academic literature provides the historical context, evolutfandamental
constructs, and corresponding practices associated with lean wctanofa and lean
warehousing. The lean principles that relate to warehousingf aaticular interest. The lean
constructs identified from the lean manufacturing literatirat tare measured in the lean
implementation assessment tool developed in this research aaé management, standardized
processes, continuous and leveled flow, pull systems, workplace orgamizampowered
employees, quality assurance, and continuous improvement.

The lean constructs were operationally defined with respechdoassociated lean
practices to measure implementation and utilization on variousai@ls points comprising the
various warehousing processes in a facility. Each of the keyraotsstvas assessed for all the
major functional areas applicable within each warehouse, namely inlopanations, outbound
operations, inventory control, material returns, general facilityatiosrs, and warehouse office
functions.

The lean constructs identified were further developed by workitgin multiple
warehousing facilities, each in various stages of lean implati@mtwith unique characteristics
and industries to enhance the generalizability of the lean imptatiem assessment tool

developed in this research. The lean constructs were refined aradiapaly defined through
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onsite analysis and multiple assessor use to ensure crogg-fapplicability and multiple
assessor perspectives.

The lean implementation assessment tool developed utilizes ancgamy a
combination of nominal, ordinal, and interval evaluation items, sdaledeasure the varying
levels of implementation for each of the lean constructs andgasdn various warehouses and
functions. The operationally defined and scored evaluation itemsaggregated to determine
scores at the facility level, individual function level, and individocahstruct level to provide
usable feedback and analysis. The data collection process iderdprecific areas of
improvement and provided feedback with regard to the implementation iéirdtion of lean
warehousing principles. Figure 3 illustrates the leanel@using construct and practice

operationalization for the lean implementation assessment tool developed inghishes

Facility Assessment

n consiru
Standardized People Quality Visual Work_plac_e Lot Sizing Material Flow Continuous
Processes Assurance Management Organization Improvement
»SOPs »>Safety & »>5 Whys, Root »>Value Stream | [»5S »>Batch Sizes »Pull Systems »PDCA
» Standardized Ergonomics Cause & Pareto| | Mapping »>Signage & >WIP »Leveled Flow & | |»Kaizen Events
Work/Planning | [»Leadership »Inspection & »Process Control| | Shadow Boards| [»Kanban Work »Employee
»Commodity Direction/Roles Autonomation Boards > Cleanliness Systems »FIFO Suggestions
Grouping >»Management »Error Proofing | [»Metrics & KPI > Supply & »>Quick »Layout & Zones| |»Understand
»Common Style Methodology Boards Material Changeover »Velocity & Systems View
Processes & »Cross-Training | [»Inventory »Lean Tracking MGMT »Lead Time Slotting »Preventative
Best Practices | [»Teamwork & Integrity »Visual Controls | [>Point of Use Tracking »Travel Distance| | Maintenance
» Trailer Loading Empowerment | [»Product & »Andon Systems| | Storage (POUS) [>Inventory Turns| [>Cellular »Supplier
& Unloading >Power Distance| | Process Quality| [>(A3) One Page | [»ID Problem »>Order Structure Integration
»Routing & & Daily Invivmt | [>Quality Metrics Reports Parts Areas Frequency »Demand »SPC
Travel Paths »>Recognition & Stabilization »Technology &
Compensation »Cross-Docking Equipment
»>Communication
Strategy
»>Absenteeism &
Turnover

Figure 3: Lean Implementation Assessment Tool Conceptual Model
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Finally, to validate the assessment tool, twenty-eight lean meléation assessments
were performed at twenty-five facilities ensuring measergnoutcomes meet expectations at
multiple warehouses across industries and across geographiaaisiegnd ensuring equity
among comparisons, while identifying future improvements and rdseguoortunities. The
corresponding outcome data analysis was conducted using various natéivstatistical
techniques to identify interrelated lean constructs and pracacgspotential effects of inter-
rater agreement, and a potentially reduced and simplifiedineglementation assessment tool
structure. The project timeline can be seen in the APPENDIX The entire lean
implementation assessment tool and evaluation points developed cagnbie £APPENDIX A.
Furthermore, the corresponding graphs and other aspects of thenjgamentation assessment

tool developed outlining feedback can be seen in APPENDIX B.

Population/Participants

The population of interest for this analysis was organizations inptioeess of
implementing lean manufacturing in their warehousing operatioffse participants for this
research are within an organization where the author has worked, M&mldwide, a third
party logistics company, which allowed open access and fundingséssthe various levels of
lean implementation and usage. There were twenty-five wareb@ssessed and twenty-eight
assessments completed throughout the calendar year 2007 by fowndliifielividual assessors
and four collaborative assessments with two or more assessorsvaféteuses assessed were
located in the United States, Canada, the Netherlands, and Gdnoranye automotive, high-

tech, and consumer/industrial goods industries.
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Instrumentation

The lean implementation assessment tool comprehensively medsuregpltementation
of the lean constructs and corresponding lean practices idénfdie implementing lean
warehousing. The constructs of lean warehousing that were iddndéifid measured in this
research are visual management, standardized processes, continudesebat flow, pull
systems, workplace organization, empowered employees, quality ressuend continuous
improvement. The eight lean constructs and corresponding fifty-éggint practices were
operationally defined into two-hundred-eight evaluation items thedasore the degree of
implementation of lean warehousing principles, which can be seen fully iEMPEX A.

Each of the lean constructs and lean practices were assessdidttie major functional
areas identified within a warehouse, namely inbound operations, outboundomgetatentory
control, material returns, general facility operations, ancel@rse office functions. The lean
implementation assessment tool evaluation items developed requingsktbéa combination of
nominal, ordinal, and interval measurement items, scaled to iderngdgifis levels of
implementation of the various lean constructs within the different faaiiitgtions.

The operationally defined and scored evaluation items were compilegl aisveighted
average technique based on the number of employees in the variotisnmm@and the overall
facility. The weighted average methodology scores assumad aith more employees have
more activity and would be a higher priority when implementing l®arehousing. The lean
implementation assessment tool results comprehensively measurapleenentation level of
lean warehousing principles. The conceptual model for the struafttine lean implementation

assessment tool shown in Figure 4 illustrates the frameworkHwhwhe lean implementation
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assessment tool was developed by identifying the lean considestiifying the associated lean

practices, and then developing multiple evaluation points to measure each.

Overall Facility Lean Implementation Assessment

Construct 1

el

Construct 2

/T\

/N

Construct 8

1

Practice 1:

Practice 2: Practice 9: Practice 1: Practice 2: Practice 7: Practice 1:
»Measure 1 »Measure 1 »Measure 1 »Measure 1 »Measure 1 »Measure 1 »Measure 1
»Measure 2 »Measure 2 J| »>Measure 2 »Measure 2 »Measure 2 | »>Measure 2 »Measure 2
»Measure 3 »Measure 3 »Measure 3 »Measure 3 »Measure 3 »Measure 3 »Measure 3
> > > > > > >

= Each Measure is scored for each of the facility fun  ctional areas.

= Inbound, Processing, Outbound, Inventory Control, M aterial Returns, and the Office.
Weighted by the number of employees in each area fo  r overall facility score on each measure.
Measures combined to determine overall Dimension sc ore.
Dimensions combined to determine overall Construct score.
Constructs combined to determine overall Facility s core.

Figure 4: Operationalization Conceptual Model of Tool Development

Functional Tool Framework

The major functional areas within warehousing operations are inbounatiopsr
outbound operations, inventory control, material returns, value-added serviegico®e and
office functions. Inbound operations are material receiving, soherking, stocking, and put-
away processes for inventory purposes. Outbound operations are ppackong, loading, and
shipping processes for material moving from inventory to the custonh@ventory control
operations are inventory accuracy related for quantity veribicatmaintenance of stock
locations, slotting, and overall facility inventory integrity. Mé&Ereturns are the processes

involved with accepting, rejecting, and restocking materialrnedd from customers. Value-
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added service operations are the various tasks performed within wanghoperations such as
kitting, packaging, light assembly, and various other tasks performeduceetustomers receive
products according to specifications. Office functions relategnaging employees, invoicing,
records, human resources, and various office requirements necéssdagility operation.
Figure 5 illustrates the conceptual model of the lean assesstool with the functional
framework and how each lean construct and practice will be megaur each functional area

within the warehouse.

Facility

Assessment
rehouging Fungtions
Inbound Outbound Inventory Material Value—Added Office
Operations Operations Control Return Service Operations
P P Operations Operations Operations P

T

f

T

T

T

T

Lean Construct

Lean Construct

Lean Construct

Lean Construct

Lean Construct

Lean Construct

» Standardized » Standardized »Standardized » Standardized »Standardized » Standardized
Processes Processes Processes Processes Processes Processes
»People »People »People »People »People »People
»Quality »Quality »Quality »Quality »Quality »Quality
Assurance Assurance Assurance Assurance Assurance Assurance
»Visual »>Visual »Visual »Visual »Visual »Visual
Management Management Management Management Management Management
»Workplace »Workplace »Workplace »Workplace »Workplace »Workplace
Organization Organization Organization Organization Organization Organization
»Lot Sizing » Lot Sizing »Lot Sizing »Lot Sizing »Lot Sizing » Lot Sizing
»Material Flow »Material Flow »Material Flow »Material Flow »Material Flow »Material Flow
»Continuous »Continuous »Continuous »Continuous »Continuous »Continuous
Improvement Improvement Improvement Improvement Improvement Improvement

Figure 5: Conceptual Functional Facility Assessment Model

Operationalizing the Lean Constructs and Lean Practices
The key authors and developers of the lean manufacturing philosopayexanined in
detail in CHAPTER 1l to identify the fundamental lean principie® the lean constructs
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identified in this research. The academic research, mxiaisessment tools, and other literature
were examined in detail to identify the corresponding lean pesctssociated with the lean
construct framework developed. The lean implementation assessmeniet@dpment was
comprehensive and inclusive in nature outlining fifty-eight lean jexctfor the eight lean
constructs identified.

The inclusive nature for operationalizing the lean constructs amdpleactices was done
with the intention of developing a pared down lean implementationsaseast tool structure
from the data collection and subsequent multivariate statistnzdysas. The fifty-eight lean
practices identified were operationalized into two-hundred-eigividual evaluation points
consisting of various combinations of nominal, ordinal, and intervaédat#ms assessing the
various aspects of the lean practices.

The scoring methodology utilizes an equal weighting structure fdr kan construct
and lean practice cumulatively scoring each evaluation point arghtive the functions by the
number of employees for the overall facility scoring methodolofiye lean construct and lean
practice scoring methodology was scaled from zero through fiuh, z@ro being the lowest
score possible and five being the highest score possible. ®tes sgere graphed using spider
graphs to identify which constructs, practices, and/or functions aedliag and/or deficient
requiring additional management attention, training, or resources. le@heimplementation
assessment tool evaluation points and output graphs developed can ipeAg&ReBENDIX A and

APPENDIX B.
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Detailed Description of the Eight Lean Constructs and Fifty-Eight LeBnactices

The corresponding eight lean constructs that were determined and the irlgivédtiaes
comprising each construct are detailed in the following section.briéf description and
definition of each of the specific lean practices comprising ¢éae constructs are given as it
relates to lean warehousing principles and practices. The two-hugidredevaluation points
comprising the lean implementation tool were developed using this framework.

Standardized Processes:

The standardized processes lean construct is comprised of the detineprrelated to
Standard Operating Procedures (SOPs), Standardized Work and Planning, CorGmoagityg,
Common Processes and Best Practices, Trailer Loading and Urgpadd Routing and Travel
Paths. Standardized processes were explicitly identified fasdamental principle of lean
manufacturing by four of the five authors, Ohno (1986), Shingo (1989), Womackonad J
(1996), and Liker (2004), as seen in Table 1.

e Standard Operating Procedures (SOPs) are the specifitenwiork instructions and
steps that are required to complete a specific job, function, or task.

e Standardized Work and Planning are the amount of work dispatched to workers
combining the steps, amount of WIP, and time required to complete she ta
Standardized work dispatch information allows for accurate planmudgtracking of
work.

e Commodity Grouping relates to combining similar types of produdkstar work into

single dispatches to increase the density of the picking travel path.
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e Common Processes and Best Practices are identifying astandaess for determining
the best methods for performing work and creating consistent output apbtiess for
sharing that information internally and externally.

e Trailer Loading and Unloading processes relate to the methodaloghkich trailers are

received and shipped to drive standard inbound and outbound processes. Creating

standard loading, unloading, and storage principles for trailer'scesd variation,
eliminates motion, and drives efficiencies between internal and extertaneus.
e Routing and Travel Paths are the methodologies for determining the movertnemte

warehouse during inbound and outbound processes.

People:

The people lean construct is comprised of the lean practicegdrdiat Safety and
Ergonomics, Leadership Direction and Roles, Management Stylss-Craining, Teamwork
and Empowerment, Power Distance and Daily Involvement, Empl&®eeognition and
Compensation, Communication Strategy, and Absenteeism, LayoffSuamover. People were

explicitly identified as a fundamental principle of lean manufautuipy four of the five authors,

Ohno (1986), Womack et al. (1990), Womack and Jones (1996), and Liker (2004), as seen i

Table 1.
e Safety and Ergonomics are the tools, processes, and incidemesl relanaintaining a
safe work environment for employees.
e Leadership Direction and Roles relate to the sense of urgelnagge initiative origin,
ownership, and input of employees as it relates to implementingMaeehousing in the

facility.
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e Management Style is specifically the consensus gatheringeggoor implementing
changes which was identified as important in lean warehousing.

e Cross-Training is the amount and documentation process for emplolieesave been
taught how to perform other work tasks than their normal job role bdtiinwtheir
function and outside their function.

e Teamwork and Empowerment relate to the organizational work strudtiliveng team
leads, the authority given to individuals to make changes, and tddriiie@ continuous
improvement process in and of their selves.

e Power Distance and Daily Involvement correlate to the spent on the shop-floor by
both supervisors and managers and their accessibility to employees.

e Employee Recognition and Compensation relates to the procedsritfying individual
and group outstanding achievements and the reward structure assouihiethe
recognition.

e Communication Strategy is the depth of sharing and understanding atsmatd
information and the frequency and timeliness of employee conceing toiced and
resolution determined.

e Absenteeism, Layoffs, and Turnover are the specific perfocenan each area as it

relates to unplanned employee absences, layoffs, and terminations.

Quality Assurance

The quality assurance lean construct is comprised of the leaticpsarelated to Five
Whys, Root Cause, and Pareto Inspection and Autonomation, Error Prdddtigpdology,

Inventory Integrity, Product and Process Quality, and Qualityritdet Quality Assurance was
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specifically identified as a fundamental principle of lean mastufang by all five authors, Ohno
(1986), Shingo (1989), Womack et al. (1990), Womack and Jones (1996), and Liker (2004), as
seen in Table 1.

e Five Whys, Root Cause and Pareto are some of the problem s@emgdques used in
lean manufacturing to determine the root causes of problems anty sledects to
determine countermeasures.

e Inspection and Autonomation are the quality inspection processes used dupnuctes
and after the process to identify defects.

e Error Proofing Methodology relates to the building in of qualitypstéo make it
extremely difficult to make defects while completing a process.

e Inventory Integrity is the accuracy of the physical inventooated within the warehouse
and corresponding cycle counting processes.

e Product and Process Quality relates to the identification feCtdeand associating them
as either input errors or process related errors.

e Quality Metrics are all the specific measurements relédequality and the respective

corrective action methodologies in place for each.

Visual Management:

The visual management lean construct is comprised of the leaicgsaetiated t&/alue
Stream Mapping, Process Control Boards, Metrics and Key Perfimarindicator (KPI) Boards,
Lean Tracking, Visual Controls, Andon Systems, and (A3) One-PagmorR. Visual

Management was specifically identified as a fundamental pten@f lean manufacturing by
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four of the five authors, Ohno (1986), Shingo (1989), Womack and Jones (1996), and Lik
(2004), as seen in Table 1.

e Value Stream Mapping is the lean practice used to identifyraomis improvements and
the value-added, non-value-added, and wastes inherent in all processes.

e Process Control Boards are the visual management tools used tacicabe the actual
performance versus planned performance towards goals on ahdaitly, and continual
basis to everyone on the shop floor.

e Metrics and Key Performance Indicator (KPI) Boards arecthramunication devices
used to show function, department, and facility performance on keyunesaents to all
employees.

e Lean Tracking is the process for monitoring the training anuementation activities
and the actual performance towards planned performance.

e Visual Controls are the visual communication devices used for manawgiterial flow,
staging, and pull systems.

e Andon Systems are the quality communication device systems and their usage.

e (A3) One-Page Reports are the simple single page docunmgdsto communicate the
implementation plans and implementation activities that are inepsoand have been

completed telling the story of improvement.

Workplace Organization:

The workplace organization lean construct is comprised of tmepesctices related to
5S, Signage and Shadow Boards, Cleanliness, Supply and MaterialdvtaardadMGMT), Point

of Use Storage (POUS), and Identification of Problem Parts Areas. \Vdoekplrganization was
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specifically identified as a fundamental principle of leannafacturing by two of the five

authors, Womack and Jones (1996), and Liker (2004) as seen in Table 1.

5S is the workplace organization methodology and process used by iegettag five
step process of sort, set-in-order, shine, standardize, and susidémtity a place for
everything and have everything in its place.

Signage and Shadow Boards are the tools used to reduce wastestedsvith looking
for places, tools, etc.

Cleanliness is the actual overall, area, and location performafated to workplace
organization.

Supply and Material Management (MGMT) is the physical podes managing key
materials, supplies, etc. to complete the work.

Point of Use Storage (POUS) is the technique used to minimaizel time and locate
material, product, and supplies directly where they will be used.

Identification of Problem Parts Areas is the physical locatind identification process

for potential defects and problems and the documentation steps.

Lot Sizing:

The lot sizing lean construct is comprised of the lean pexctielated to Batch Sizes,

Work in Process (WIP), Kanban Systems, Quick Changeover, Lead Trgwking, Inventory

Turns, and Order Frequency. Lot Sizing was specifically identifiedfasdamental principle of

lean manufacturing by all five authors, Ohno (1986), Shingo (1989), Woetaak (1990),

Womack and Jones (1996), and Liker (2004), as seen in Table 1.
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e Batch Sizes are the physical quantities of work utilizedumctions to move material
through each process step.

e Work in Process (WIP) is the actual amount of work and time agedcwith it in each
process both within functions and between functions.

e Kanban Systems are the physical pull mechanisms used to maodgénvprocess in
each function.

e Quick Changeover is defined in warehousing operations as the amoume daf takes to
shift between functions and operations to balance workload and minimize imor
process, versus the traditionally as the time it takes to change a machreng product
to another.

e Lead Time Tracking is the physical process time assocardtbdunctions and operations
to move the product through from start to finish.

e Inventory Turns is the calculated amount of times annually theigathysventory turns
versus sales volume.

e Order Frequency is the general philosophy used for replenishiegtory as it is sold:

large lot, small lot, or sell one, make one.

Material Flow

The material flow lean construct is comprised of the leantipeac related to Pull
Systems, Leveled Flow and Work, First-In-First-Out (FIFCgyout and Zones, Velocity and
Slotting, Travel Distance, Cellular Structure, Demand Stalkitiza and Cross-Docking.

Material Flow was specifically identified as a fundameptaiciple of lean manufacturing by all
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five authors, Ohno (1986), Shingo (1989), Womack et al. (1990), Womack and Jones (1996), and
Liker (2004), as seen in Table 1.

e Pull Systems are the triggering of production or material flmged on downstream
demand or product movement versus pushing product or material regardless of
downstream demand.

e Leveled Flow and Work are the concepts of balancing the nlatsrth manpower
movement within work functions and between work functions to manage WIP.

e First-In-First-Out (FIFO) is the concept of processing makteand having tools to
maintain those processes in the same order in which it was planimedijzpd, and
required by the customer.

e Layout and Zones refer to the physical layout of product withinvdirehouse, functions,
and operations to reduce people and material movement throughout the process.

e Velocity and Slotting are the inventory management and setup philesotat place
faster movers closer to the locations of use minimizing tramelbbth inbound and
outbound operations.

e Travel Distance is the logic and programming used to minirmeaeel distance in the
physical layout of operations and in the warehouse management system.

e Cellular Structure is the philosophy of collocating multiple fiorm into a single area to
reduce travel and processing time, which can be of particukaresttin value-added
service functions in warehousing.

e Demand Stabilization is the philosophy of balancing demand, manpoweggaifnent
to accommodate shifts in customer demand across hours, days, andtovepesate

efficiently.
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Cross-Docking in this warehousing analysis refers to phygioadiving product directly
from inbound to outbound functions where customer demand requires elimittaing
steps of placing product into storage and consolidating freighedoce transportation

expenditure.

Continuous Improvement:

The continuous improvement lean construct is comprised of the learcesactlated to

Plan-Do-Check-Act (PDCA), Kaizen Events, Employee SugmestUnderstand Systems View,

Preventative Maintenance, Supplier Integration, Statistical eBsocControl (SPC), and

Technology and Equipment. Continuous Improvement was specifically fidentas a

fundamental principle of lean manufacturing by all five authors, OhA86), Shingo (1989),

Womack et al. (1990), Womack and Jones (1996), and Liker (2004), as seen in Table 1.

Plan-Do-Check-Act (PDCA) is the Deming (1994) cycle for samus improvement
and refers to the planning and sustainment activities as weadpe@dfic continuous
improvements in this analysis.

Kaizen Events are the physical continuous improvement activitgeslacumentation of
those activities where employees directly impacted by clsaraye involved in
developing solutions for improvement.

Employee Suggestions are the processes used to capture empl@gse for
improvement, implementation, and recognition.

Understand Systems View relates to the concept discussed bynd€én994) where

employees, supervisors, and managers understand their individual funcpartyrast,
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and facility impact on other operations, the supply chain, and orgamzsia whole and
how the pieces fit together.

¢ Preventative Maintenance is the proactive approach utilized fortamang equipment,
machinery, and tools in order to prevent defects and failures from occurring.

e Supplier Integration incorporates both upstream and downstream seniitte
improvement activities to ensure both internal and external custosspriBements are
met more efficiently.

e Statistical Process Control (SPC) is the utilization disteal analysis tools to identify
opportunities for improvement, prioritize improvements, and develop countermeasures.

e Technology and Equipment is leveraging technological solutions tonatgorepetitive

tasks where possible to separate man’s work from machines’ work.

The fifty-eight lean practices defined are stratified into ¢ght corresponding lean
constructs as summarized in Table 14. This structure follows #ratamalization of the lean
concepts to lean constructs per Babbie (2004) where specifiplaetices are identified to be
measured for usage and understanding in various warehouse functiorssdssnaent. The
systematic operationalization process described was leveragedievelop the lean
implementation assessment tool used in this research. Thechessdidation process is
described in further detail in the following sectioNalidation and Verification and in

CHAPTER IV.
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Table 14: Sobanski Lean Implementation Assessment Tool Construasad Practices

Practice / Lean Lean Lean Lean Lean Lean Lean Lean Lean
Construct Practice Practice Practice Practice Practice Practice Practice Practice Practice
1. Standardized Standardized| Commodity Common Trailer Loading| Routing &
Processes SOPs Work/Plannin Groupin Processes & & Unloadin Travel Paths i i i
9 ping Best Practices 9
Safety & Leadership Management - Teamwork & Power Dllstance Recognition & | Communicatior) Absenteeism &
2. People . S Cross-Training & Daily .
Ergonomics | Direction/Roles Style Empowerment Compensation Strategy Turnover
Involvement
3. Quality 5 Whys, Root | Inspection & | Error Proofing Inventory Product & Quality Metrics i i i
Assurance Cause & Paretp Autonomation| Methodology Integrity Process Qualit y
4. Visual Value Stream| Process Contrgl Metrics & KPI Lean Tracking| Visual ControlsAndon Systems (A3) One Page ) )
Management Mapping Boards Boards Reports
5. Workplace Signage & Supply & Point of Use ID Problem
: A 5S Cleanliness Material - - -
Organization Shadow Boards Storage Parts Areas
MGMT
. . Kanban Quick Lead Time d Order
6. Lot Sizing Batch Sizes WIP Systems Changeover Tracking Inventory Turnsg Frequency - -
. Leveled Flow & | Velocity & . Cellular Demand .
7. Material Flow | Pull Systems Work FIFO Layout & Zones Slotting Travel Distance Structure Stabilization Cross-Docking
8. Continuous PDCA Kaizen Events Employ_ee Understar_1d Pre_ventatlve Suppll_er spC Techqology & )
Improvement Suggestions | Systems View| Maintenance Integration Equipment
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The complete conceptual model for the facility lean implememtaissessment tool can
be seen in Figure 6. Each practice for each construct willdessed for each of the functional

areas as previously described and defined. The lean implementatessrasnt tool evaluation

points and output graphs developed can be seen in APPENDIX A and APPENDIX B.

Facility Assessment

n jonsiru
Stsndardized People Quality Visual Workplaqe Lot Sizing Material Flow Continuous
rocesses Assurance Management Organization Improvement
»SOPs > Safety & »5 Whys, Root »>Value Stream >5S »>Batch Sizes »Pull Systems »>PDCA
»Standardized Ergonomics Cause & Pareto| | Mapping >Sighage & >WIP »>Leveled Flow & | [»Kaizen Events
Work/Planning | [>Leadership > Inspection & »Process Control| | Shadow Boards| [>Kanban Work »Employee
»Commodity Direction/Roles Autonomation Boards >Cleanliness Systems »FIFO Suggestions
Grouping >Management »>Error Proofing | [»Metrics & KPI >Supply & »>Quick »Layout & Zones| [»Understand
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Figure 6: Complete Conceptual Model for Facility Lean ImplementationAssessment Tool

Research Design

This research was an exploratory assessment tool developmeats$ and analysis of
the twenty-eight applications with respect to the implementagieel lof lean principles as they
apply to warehousing strategy and processes. Furthermorep dine author participation in
data collection and providing corresponding feedback to facilitiesred®arch is participatory
action research. The validity of the results of the leandmphtation assessment tool was

examined, and statistical analysis was performed to identifyritlerlying factors and present a

pared-down structure for lean implementation assessment. Bei@reh design addresses the
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specific research questions identified in CHAPTER | and detesmihe factors that are
sufficient for assessing lean manufacturing implementation arajeusn warehousing

environments.

Pilot Study

Three facilities within an organization were selected for dagmey the shop-floor
operational definitions and evaluation points of the lean constructs angrigctices identified
in the literature review for the warehousing environment. Ttitias were in various stages of
lean implementation and maturity, and had different industry clegistats providing different
avenues for piloting the data collection techniques, applicability, and etanpks of the lean
implementation assessment tool. The pilot approach was used to gresgeneralizability of
the lean implementation assessment tool to accurately measurensmarehouse applications
across different industries with different characteristicsirtiermore, feedback was gathered
from lean professionals, site managers, supervisors, and assdoiagsthis process to ensure
the accuracy of measurement and usefulness of feedback provided. pé&dikc giming,

practices, and approach for development of the project timeline can be seerEiNRIRFC.

Validation

According to Cronbach (1971), validation is a process of collectirdgeee to support
any conclusions drawn from test scores. Babbie (2004) outlines foeredifftypes of validity:
face validity, criterion validity, construct validity, and contentlidity as criteria for
measurement quality. Consequently, validation is the processigéteximines how well the

intendedconcept isactually being measured by an instrument. Validation provides feedback
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from the quantifiable measures to the operationalized theoreticalepts, answering the
guestion: Does the instrument measure what it is supposed to measubeYraphical

representation of the concept operationalization and validation process can beFsgere .

Measure

Measure Variable :

Measure

Measure

—==P Variable : Concer
Measure5 A

Measure

Measure Variable ¢

Measure .
¥ Validatior

Figure 7: Graphical Representation of Operationalizing Concepts and Vality

Consequently, the lean implementation assessment tool developmeransitit of three
phases: theoretical development, shop-floor development, and the pilotogsgr The
theoretical development phase was completed at the academjgelring information from
existing literature, tools, experience, and input away from the #bop- The key concepts of
lean manufacturing were determined, identifying existing and patenéasures. This stage of
the development addressed the face validity of specific measusesing the “reasonableness”
of potential measures identified to capture a concept. This pra@essietailed explicitly in
CHAPTER Il and the resulting structure in Table 2.

The shop-floor development phase entailed gathering input from woskgrstvisors,

managers, and lean experts in three different facilities prayiaisights at the shop-floor level
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for measurement and feedback. The three facilities provided reulmlrces of data for
validation and generalizability without being excessively cost- tiore-prohibitive and
appropriate to the scope of this research project. The contedityalias addressed by
involving multiple levels of input from the shop-floor to lean pramtiirs and academics
ensuring the lean concepts and practices were measured bsalingtion items. The construct
validity was determined by utilizing multiple measures intentteddetermine the level of
agreement and relation between the measures, for the same poputates different
applications versus expectations.

A graphical representation of content and construct validity and télkation to the
operationalization of concepts is illustrated in Figure 8. Furtbernaddressing validity at each
stage of development ensures all types of validity are adgdrésgprovide accurate output from

the lean implementation assessments for statistical analysis in GHRART

Evaluation Item Lean Practice Lean Constructs

{

Measure [—Content Validity
Agreement :
Measure between >’ Variable :
measures?
Measure [ -
Construct ity
Measure [—— Agreement - - Relationship
between > Variable : between Concenp
Measure |— measures? variables?
Measure
Agreement : -
Measure between —¥ Variable
measures?
Measure [ |

Figure 8: Graphical Relationship of Content and Construct Validity
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Thus, during the shop-floor development phase, three warehouses in difidesities,
with unique operational characteristics, and in different stagesofimplementation were used
to operationalize the eight lean constructs and fifty-eight leaatipes into specific measures
and evaluation items. The two-hundred-eight evaluation items csingpthe fifty-eight lean
practices were combined to create the variables that make waribas lean practices which
make up the lean constructs used to assess lean implementatisn [Elkellean constructs of
standardized processes, people, quality assurance, workplace organiatial management,
lot sizing, material flow, and continuous improvement were measureaggrégated for the
different functional areas of each facility to assess the ileglementation levels within and
between facilities.

The lean implementation assessment tool was further validatedy chilin tests of the
evaluation items conducted while onsite during the development phasehinoke#he three
facilities. The pilot process addressed criterion-relatedlityalensuring the evaluation items
actually measured lean implementation levels across vafamities and functions. The
feedback from the three development phases provided validation that theawaktually
measuring thentendedconcepts. An illustration of the development phases and the yalidit

addressed in each can be seen in Figure 9.

Theoretical Shop-Floor Piloting
Development-> Development P Process

/N 1

Face Construct Content Criterion
Validity Validity Validity Related Validity

Figure 9: Assessment Tool Development Phases and Validity Addredse
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Verification

According to Merriam-Webster.com, verification is “to estdblise truth, accuracy, or
reality of” a claim. Consequently, the tool verification phase w@spleted after the tool
development process, while performing the twenty-eight actualiteplementation assessments
conducted in twenty-five different warehouses. The assessmemtparéormed in twenty-five
different facilities providing support for the “correctness” ¢ke tassessed level of lean
implementation. Furthermore, each of the six different functionstifebel for warehousing
operations within each facility were assessed providing aralb¥acility lean implementation
assessment.

The applicability and “correctness” of the measures weermated through comparison
of assessments between the facilities and functions versusjgam @bservational expectations.
The assessments provided objective results and were in linghgitean expert practitioner
expectations as outlined in the CHAPTER IV. Furthermore, theiiés were assessed twice
during 2007 to provide additional insight into the results over time, graaviti,trends for
additional analysis.

The use and application of the lean implementation assessment tbwenty-two
additional facilities during the verification phase reduced laiag of applying the tool in the
same environment in which it was piloted and initial feedback gaanefhe application of the
lean implementation assessment tool in twenty-five differentelicaises across various
industries ensured the generalizability of the tool and resultsthatdhe feedback provided
actually met theintendedresearch objectives. Moreover, the scope and resources utilized during
the development, validation, verification, and data-collection phases pravidechprehensive

framework for ensuring a statistically significant numbeasgessments were performed for data
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analysis and that inferences could be made about the underlytogsfdean constructs, lean

practices, and state of the industry used during lean warehousing impléonentat

Validity of Participatory Action Research

Khanlou (2005) identifies fair subject selection, favorable risk-beredft, independent
review, informed consent, and respect for potential and enrolledipantie as the important
factors for assessing participatory action research validithe warehouse participants were
selected fairly through the use of voluntary subjects withimlMaNorldwide where lean
implementation activities were in progress and the assessors imgolved in lean
implementation. The subjects were the twenty eight warehouses)fandation was gathered
through participation by lean experts, lean practitioners, warehoasagers, and associates
involved in implementing lean at each of the warehouses.

The sampling technique was purposive in nature to gather a diverskedsgd samples
while still capturing a statistically significant number s#fmples that provide a representative
sample of warehousing operations implementing lean principles acticpsa A favorable risk-
benefit ratio was maintained by providing constructive feedback tpatieipants with the aim
of helping to identify additional opportunities for improvement while helpimgnagers to
prioritize improvement activities and resources. The reseattistaod an independent review
by lean practitioners and lean subject matter experts dine toature of the dissertation project
and the intimate involvement of the doctoral research committee.

The participants were informed of the research and consented toipp#idn by
volunteering for lean implementation assessment and receivingsponaing feedback with

anonymity in publication. Finally, respect of potential and erdgtlarticipants was achieved
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through maintaining a constructive nature of the feedback provided @lity fZssessment being
the overarching outcome of assessment results. The true sudfjelets lean implementation
assessments were the warehouses and the processes implemeateh of the six functional

areas in the warehouses, rather than the participating employees.

Objectivity

Research objectivity was maintained through the relatively quiéweitaature of the
evaluation points and subsequent scoring methodology used during they fdedn
implementation assessments. Additionally, multiple-assessoritgaementation assessments
were performed in five instances by multiple assessors with theipatita of the author, and in
all twenty-eight assessments the facility manager, if\adiéan coordinator, and warehouse
associates were involved in scoring the evaluation points.

The lean implementation assessment process, assessors, andobgperations are
explicitly detailed in CHAPTER IV. The subsequent data amglygsults, and conclusions
performed in this research are seen in CHAPTER IV, CHAPTE&Y CHAPTER VI. The
feedback and participation by all these individuals was instrumientigtermining the validity,
reliability, and usefulness of the lean implementation assesdomnand understanding lean

implementation in practice within facilities and between warehouses.

Generalizability
The generalizability of the lean implementation assessmentatodlthe results are
primarily to organizations with warehousing facilities undergoing esodegree of lean

implementation or similar organizational improvement strategid® lean constructs identified
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were assumed to be generally improved practices for any warelvbese material is received,
put away into locations, stored, picked, and shipped. The lean principlssrafardized

processes, people, quality assurance, workplace organization, visuajemand lot sizing,

material flow, and continuous improvement have been utilized in numerocaisizaions with

great success over the last fifty years as outlined in CHAPTER 1I.

Following Toyota’s continued success, lean manufacturing or thetd dyroduction
System has become the improvement paradigm of choice for mgawyizations throughout the
world. The Shingo Prize was created in 1988 to promote the awardrieaa philosophies and
recognize organizations in North America who have achieved wats-chanufacturing status
(Shingo, 2003). The winners of the 2005 Shingo Prize were Autoliv, BAE8gs Boeing
Company, Celestica, Delphi, Boston Scientific Corporation, GDX AutweotHearth and
Home Technologies, Lockheed Martin, and Takata Seat BeltsShmgo, 2003). These are
only a sampling of the organizations that have implemented lean actumirig principles with
recognized success, and only scratch the surface of the wigehoa@anizations implementing
lean concepts and practices.

Lean manufacturing continues to be applied to other non-traditionaladditndustries
such as warehousing and distribution, as wastes are reduced imrieadihanufacturing
applications when applying lean concepts (Womack, 2006). Lean wareh@ubgigg applied
with great success in humerous organizations such as Toyota, BGengral Motors, Menlo
Worldwide, Hewlett Packard, Bobcat, and OPW Fueling Components, to adew. Lean
warehousing was even a topic of discussion in an issue of Moddaridlka Handling and is a
growing field for consulting practices (Modern Materials HarglliB006). Although, if “lean”

was not the paradigm of choice, various applicable aspects of tlagigmar and lean
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implementation assessment tool could still provide specific guidanskop-floor practices and

potential opportunities for improvement for warehousing operations.

Limiting Factors

The level of involvement required by the author and the potential lmasrshg from
this involvement was a limitation of any subsequent conclusions oeindes made from this
research. The lean implementation assessment tool developedanalysis was intended to be
primarily for measuring the level of implementation on the shop-tdbevarehousing operations
undergoing a lean transformation. Consequently, the generalizamtitypplicability to other
types of facilities or organizations not studied may be a hignifactor. In addition, the lean
implementation tool was developed through onsite analysis of only fdeies in different
stages of lean implementation and validated at twenty-two otleditiés within a single
organization. Furthermore, the experience of the author, experts,paatsc and research
examined are not necessarily indicative of the entire warehousing profedsicimcauld lead to
additional limiting factors unknown or not examined. Feedback wa®rgatHrom the lean
expert panel and participants to identify sources of improvemefuttoe research and use with
the implementation assessment tool in addition to the multivariate stdtstalysis.

The semantics of the scaling used in the lean implementationvialabé&on items could
also be a limiting factor for the research. The individual(gopaing the lean implementation
assessment and participants may perceive the scales difféhant was intended. For example,
when using Likert type scales, semantics such as strongdg,aagree, undecided, disagree, and
strongly disagree, without specific term definitions, assesswg interpret the levels of

agreement differently. Adding detail for each of the evaluation poytdescribing the purpose,
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methodology, and location in the warehouse reduces the potential imptut msults of the
assessment along with training on use, intent, and scoring.

In addition, the lean implementation assessment tool was developed thoosidd
analysis of three facilities at different stages of leaplémentation and validated at twenty-two
other facilities. If there are unique, unobserved differences mehsasing operations not
captured during the development, validation, and verification phasée oésearch aspects of
the lean implementation assessment tool, the results may nppliahble, could be misapplied,
or may be inaccurate.

Finally, the motivations of the person performing the assessment alsaldimit the
generalizability. If the assessor has a vested interggesenting a “good” or “bad” assessment,
the objectivity of the lean implementation assessment evalu&ims icould be skewed and not
representative of actual lean implementation. This may besatrof the reward structure
associated with the lean implementation assessment, percepttbedadility, or perceptions of

the personal biases of the personnel at the facility.

Enhancing Factors

There are numerous factors that could enhance the generalizaifilithe lean
implementation assessment tool and results. One factor thagnmhagice the generalizability of
the lean implementation tool is the comprehensive range of appliaedtemic literature that
was used in the development of this research to identify the &eyctacepts, practices, and the
measures derived from those concepts. Furthermore, the utilipdttbree different facilities

during the development of the tool in various warehousing industries sesrédze likelihood of
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other facilities being able to use the tool successfullys €hhancing factor was observed in the
twenty-eight lean implementation assessments performed during the cotlnisa@$earch.
Finally, the tool developer has a wide range of warehousing exrgeri having been
involved in implementing lean warehousing concepts in multiple orgéomsaand numerous
facilities in the industry over ten years increasing the hiogld of applicability to other
facilities. Similarly, the participation of other lean expett®e dissertation committee, and the
assessment participants provided a wide range of perspectivégrdaamds, and consensus

enhancing the likelihood that the research outcomes achieved the desired results.

Conclusion

In conclusion, the detailed development of the lean assessmenfotiosled the
construction and methodology to operationalize the eight lean constmdtdfifey-eight
corresponding lean practices identified from the literatureevevi The result was the lean
implementation assessment tool’s subsequent two-hundred eight spealfiation points to be
assessed for each of the six warehousing functions outlined. Thetetdpteent methodology
addressed the four types of validity outlined by Babbie (2004) and redlueachpact of the
limiting factors outlined to enhance the generalizability ofléan implementation assessment
tool and the corresponding results for data analysis.

Furthermore, the participatory action research methodology outlinedfallawed to
ensure that a statistically significant number of samplesdatd were taken and the data were
objectively gathered for verification of the lean assessmentatablresults. The specific data
collection methodology is described in CHAPTER IV and the entiam lenplementation

assessment tool constructs, practices, and evaluation points are includedENDARFA.
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CHAPTER IV
DATA COLLECTION AND ANALYSIS

Introduction

The data collected for this analysis were from twenty-eggsiessments conducted at
twenty-five warehouses operated by Menlo Worldwide in the UnitetesstaCanada, the
Netherlands, and Germany. The assessments were completedheasiegrt implementation
assessment tool developed in this research throughout the caleadaf ¥©07. There were
four individual assessors for twenty four assessments and four mwdspessors assessments
completed lean implementation assessments for this analysithtr gastatistically significant
number of assessments for data analysis. The warehouse industyys, warehouse
management systems, and physical layouts varied greatly IbetWweetwenty-five different

warehouses assessed in this analysis.

The Sample Data: Menlo Worldwide Warehouses

The data analyzed were gathered from Menlo Worldwide, a third pagigtics
company, which began implementing lean warehousing principlesargedcale in 2006. The
implementation strategy arose from grassroots implementatieendoly success within multiple
warehouses that had piloted lean principles in 2004 and 2005. In 2006, sev@nalddi
warehouses were chosen to begin a systematic, large-scalef@amentation approach, which

was expanded company-wide to all eighty warehouses in 2007. Accodlitige tMenlo
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Worldwide Website, the elements of Menlo’s lean logistics cultuckide reducing inventory,
reducing waste, mistake-proofing, and standardizing work.

Menlo Worldwide Logistics serves the automotive, high-tech, febasumer, chemical,
government, and industrial goods industries in various supply chain seapeeitees. The
supply chain services provided by Menlo Worldwide include transpamtathanagement,
warehouse management, value-added services, professional senfm@sation technology,
truckload brokerage, and intermodal transportation. Menlo Worldwide esglegr 6,500
employees in ninety locations in seventeen countries on five corstinéflte eighty global
warehouses total more than sixteen-million square feet othwase space which was the focus
of data collection for this analysis.

Additionally, the technology solutions utilized in the warehouses vaggatlgr from
warehouse to warehouse depending on the customer specifications, prgoelctand
complexity. Technology solutions range from more manual solutions whaguire manual
input into the warehouse management system to more automatednsolutilizing radio
frequency identification, barcode scanners, serialization, and dypaotess tasking. There are
internal Menlo Worldwide warehouse management systems in usellassvecustomer systems
providing a wide range of technology solutions used, thus enhancingnéeagapplicability of

the lean implementation assessment tool of this analysis.

Menlo Lean Implementation Process
Menlo Worldwide uses a multi-phased approach to implementing learhausiag
principles and techniques in facilities. The initial phase is cisegbrof general lean principle

training to increase understanding and physical implementatioestomles of 5S, visual
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management, standardized work, and value stream mapping over a #ixpaood culminating
in an initial Kaizen event activity. Further, lean leaderssaligited at the warehouse to identify
individuals who will be responsible for ensuring the successful coimplef implementation
milestones. The initial phase follows a template project plahaodelogy for each warehouse
with standard training, implementation milestones, and timing for the ini@henth plan.

The regional lean project manager is intimately involved inaaflects of the initial
implementation instructing the team on 5S activities, continuous impentespportunities, and
the development of standardized work and visual management tools. tiAdtesuccessful
implementation and training during the initial phase, the lean projacager develops a six-
month continuous improvement plan outlining additional training, continuous impraveme
activities, and other projects in cooperation with the warehousesincestrequirements. The
six-month continuous improvement plan is developed through a value streamngnapivity
where the warehouse processes are documented and the value-addemlueradded, and
wastes are observed with customer involvement.

Additionally, the lean implementation assessment tool resultsusee to identify
additional opportunities and provide feedback regarding lean implementattmn.continuous
improvement activities identified are prioritized against customexjuirements, metrics,
company initiatives, and opportunities identified. The subsequent pbiaiseglementation are
developed by leveraging the Deming (1994) Plan-Do-Check-ActeCggkry six months,
developing a new continuous improvement plan, and identifying additional opp@dufati
improvement and training requirements. The lean implementatiorssasset tool results

provide the “check” with regard to lean implementation process at the warehouse.
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The implementation status and importance are monitored monthly threggmail
meetings where the warehouses discuss the progress towardsntlangblahare opportunities
with senior organizational leadership and lean implementationrikagde This process provides
an avenue for the sites to share successes, organization leandngpalight opportunities
where other sites may be able to provide insight on what has workatiefor or identify
resources to aid in implementation. Furthermore, during leaderghiasts, the focus is on the
warehouse floor where improvements have been made and opportunitidsebaviglentified,
which maintains the focus on lean implementation. Menlo Worldwidenaa® implementing
lean warehousing a priority, as demonstrated through strategativei$, status updates, and site

visits to drive a competitive advantage in the third party logistics industry.

Lean Implementation Assessment Tool Process

The lean implementation assessment tool data collection prosesaged the Menlo
Worldwide organizational structure of lean project managers responsiblarianplementation
in their corresponding geographical regions. The lean project maisagsponsible for training
employees in the warehouses on the principles of lean warehodewgloping six-month
continuous improvement plans for the warehouse, and identifying oppodunitienprovement
at their respective warehouses. The lean project manager wawdalle spend time each
month during the initial six-month phase, and then at least quadarigg the subsequent
phases, supporting the site depending on specific requirements andnstaoces.
Consequently, the lean project manager would have a detailed undexgtahthe warehouse

lean implementation and processes in each of the warehousing functions.
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The lean implementation assessments were principally condbgtéae regional lean
project manager and involved the respective warehouse manager andcoealinator
throughout the entire assessment process. Further, the corresponding functicnalexmasors,
team leads, and employees were engaged as required througheutite assessment process.
Each lean implementation assessment took approximately aghuHhre®ur day with the majority
of the time being spent on the warehouse shop-floor walking through the functions, dat@dnst
examples, improvements, and opportunities. The warehouse functions exatarimeg the
assessment generally followed the structure from inbound, to outbound, invesmngl, value-
added services, material returns, and office functions. In totakighé constructs, fifty-eight
dimensions, and two-hundred-eight evaluation points were examined fooktwe applicable

functional areas for each of the twenty-eight assessments.

The Assessors

For this analysis, four individuals were trained on the lean implenentassessment
tool usage, constructs, dimensions, and evaluation points. In total,othexeassessors were
trained during a week-long training and participation session wheréeam conducted four
multiple assessments together. The training session was usedr® egsh assessor understood
the spirit and intent of each of the evaluation points and scoringodwbgy in the lean
implementation assessment tool, ensuring each assessor wouldlbatieg their respective
facilities equivalently.

The potential issues that could arise from this approach wereregérd to inter-rater
agreement, personal bias, and differences in understanding of leaamienphtion. These

concerns were addressed through statistical analysis, trainirtgpleraksessor assessments, and
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a detailed expert panel observation and comparisons by the assesEoe expert panel
observations versus lean implementation assessment results can be seenlib.Tabl

During the training activities and the corresponding multiple-assessgessments a
consensus approach was used to determine the scores for each wo-imendred-eight
evaluation points between the lean project managers, warehouse manddegn coordinator.
Similarly, during the single-assessor assessments a consgmoach was used to determine
the scores for each of the evaluation points between the leagctpropnager, warehouse
manager, and lean coordinator for each of the warehouses beisgealss&€he assessor, the lean
project manager, scored the evaluation points using their expert jodgrhen consensus was
not reached or the behavior was not directly observed. Sinceahémsy warehouses examined
were multiple shift operations and not all activities take ptacall shifts, there were evaluation
points that could not be directly observed in all assessments aasiségsor was required to use
their expert judgment. Indirect observation and lack of consensuswaegeethe exception than

the rule, but are noted for the sake of thoroughness.

Lean Expert Panel Observations

The expert panel approach to validation was discussed by Babbie (200dg whe
“Ultimately, social researchers should look both to their colleagand to their subjects as
sources of agreement on the most useful meanings and measurem#rsconcepts they
study.” For the lean implementation assessment tool, thetliterdools, and techniques were
examined to identify measures to assess lean implementation; for the, testhl statistical tools
and expert observations were used to assess the validity aadullitgliof the output from the

assessments conducted. The intent of the expert panel wasfeedjeack individually from
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each of the lean expert practitioners and relate their exjpedain the results of the lean
implementation assessment tool developed in this analysis. Thet papel provided feedback
regarding the actual results of the assessment and the x@rsess those intended through the
development of this research.

The lean implementation assessment tool was examined in aethiltilized by four
assessors who are expert lean professionals and two additionalpietessionals who
participated in lean implementation assessments that were nbtiughis analysis. The
feedback was solicited by individual correspondence to gather insngbt the lean
implementation assessment tool efficacy of results verspgcttions and gather senior
leadership perspective of thatended and actual use of the results. The expert panel

observations versus lean implementation assessment results can be seenlib.Tabl

Table 15: Lean Expert Panel Observations

Expert / Assessor Comments / Observations

Anthony Oliverio | “Lean Assessment Tool — A Strategic Barometer

(Senior Director of The Lean Assessment is an important tool to evaluate the suafcesrr

gtpetratlonsM | overall Lean Implementation Strategy for Menlo Worldwide LogsstiThe
W:)a;lg\?vxi/d-e) €Ni0 | Assessments multi  dimensional design and scoring methodology is

instrumental in validating that key Lean principles and milest@@sg
the lean Journey are sustained and become institutionalized within our
operating culture. The Assessment also serves as a Compass for
Continuous Improvement and aligns the organizations expectations pn the
depth and breadth in which Lean must be applied.

Prior to the implementation of the Assessment Tool, validation da®e|
in nature through a series of Go Look / Go See activities artd wps.
Variation of these ad hoc assessments were all over the mdjeindo
be aligned with the experience level of the assessor andehis |
background. Today we are confident that the Assessment outcome and
scoring methodology is an accurate depiction of where we are ané wher

we need to focus improvement efforts.”

(Oliverio, personal communication, September 16, 2008)
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Table 15: Lean Expert Panel Observations

Jeff Rivera “Menlo is taking a ‘balanced approach’ to understanding currers atat
(Director of building solid plans to achieve future state objectives. The balanced
Operations - approach is made up of:

Menlo Worldwide)

e VOC - soft feedback and quantitative goals
e VOM - culture and financial objectives

e Voice of Lean - The lean assessment is the only tool that can
guantitatively give us direction on our lean journey and outline| key
steps that help build a lean foundation. VOC and VOM |are
operational results. The lean assessment helps us get thereaysin
proven approach that yields long term gains.

Too many times at Menlo we swing for the fences, but have no idetohow

use a bat or hit a ball. The balanced approach lets us know what elistanc
we should be swinging for. The lean assessments are the tools and
techniques that give us an effective swing. It tells us whdbdos on
during batting practice and how to get ready for a full seasdheirbig
leagues. All of Menlo's batting coaches (lean managersd ssandardize
and common measuring system to give feedback to hittersr(aitagers
on how their swing is progressing. In most instances, the swirgitiagy
better, in some instances it gets worse and the batting coachttendhdwe
to look at the data to determine how to quickly correct.

|

The lean assessment tool is a game changer for Menlo and g huge
differentiator for us against our competition.”

(Rivera, personal communication, August 31, 2008)

Tim Sroka “Prior to conducting Lean Assessments at the various siteézingilthe
(Regional Lean assessment tool, | had reached a certain level of comfortgedazhed
Project Manager - | each site. Based on the Go Look, Go See (seeing the actuhks ftoot)
Menlo Worldwide) | of the facility and spending time with the leadership | was bt®nclude
a certain level of accomplishment. The Lean Assessment toch \geeat
validation for me as the tool was in depth covering the various cotsstruc
that allowed me to begin looking deeper into all the aspects of tirebsis
from the culture to actual material flow. 1 found the tool to leey
consistent as | approached various sites and | was able tonbathed
scores while being able to conduct an analysis of the site lhsasve
develop conclusions and recommendations as we assessed each
The tool allowed me to clearly begin to see the total picattesr than just
one facet of the business. The conclusions were drawn up because of the
tool and allowed me to develop a ‘go forward’ plan for each site tui
focus on the weaknesses/opportunities that began to show up during the
assessment as we started looking from the foundation on up. The site
managers have been extremely confident both in the tool and the
conclusions that will take them to the next levels of Lean.
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Table 15: Lean Expert Panel Observations

The sites that have been assessed have been able to estaliestt gtepg
of the lean journey in warehousing while also looking at the admatiist
and operational aspects as well. The tool has been a levetmking at
the sites that will be developing through the various Lean stagédse
overall Menlo Worldwide lean implementation that have been set &
company. The tool took the ‘feeling’ out of the equation asvegs &
balanced series of comprehensive questions to ask that would trulyfs
a site was developing or not.”

(Sroka, personal communication, August 29, 2008)

Peter Clark
(Regional Lean
Project Manager -
Menlo Worldwide)

r th

how

“Overall the Lean Implementation Assessment Tool provides outpusthat

relative to how a lean warehouse is actually progressing thritsiglean
journey. In my opinion, the assessment tools most important funct
reducing the subjective nature of observations before, duringfeardre
assessment process. The assessment tool enables the assexsoately
depict the status of the facility and provide pointed feedback the toext
step the facility should take on their lean journey.

During one assessment, | recognized that my subjective obsergt
where the facility was in relation to the Standardized Presessnstruc
was very different from the lean assessment score. ThesemEsdstool
ties more than just the three elements of standard work to Siaredh
Processes, it ties in all the operational support processes.

In my experience, Culture is the most difficult aspect to oy
measure. During my use of the lean assessment tool, the stdfres
People construct and associated dimensions have been very close
subjective observations prior to the lean assessment process occurrin

My overall observations regarding Quality Assurance assesSST@rEs IS
that they are not necessarily linked to the Quality Performanfctne

facility. Although this construct measures metrics as amkioa, variance

in the physical execution of the specific Quality Assurancegsses a
outlined by the assessment tool forces the assessor to makeeetige
observation, therefore facilitating the variance of the score.

Visual Management as a construct and associated dimensions have
to be very accurate against my subjective observations. | haved
experiences during my assessments, where | have seconddgadéseal
Management assessment score. | have had the same expearitnthe
Workplace Organization Construct and the associated dimensions.
only exception is the Point of Use Storage dimension (POUS). i
opinion, POUS as a dimension is not comprehensive enough
recommendation would be to have more response and points optid
that a facility can show progression through this dimension.
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In my opinion, the most difficult construct for a lean warehouse teae
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Table 15: Lean Expert Panel Observations

a high score in is Lot Sizing. My Lot Sizing assessment obsangahave
accurately reflected this obstacle that exists throughout the énénlo
Worldwide Logistics organization.

The most comprehensive construct in the assessment tool isaViktevy.
In my experience in operations, lean and as an assessor, thisudo

clearly defines all the elements of material movement. ¢ loeNy had one

occurrence where my subjective observation was different froen
achieved lean assessment score. In this situation, the definieggion
was Pull Systems. Again, the physical execution of the Pulle®y
processes was the cause of the variance.

In my experience with the Continuous Improvement construct
associated dimensions, the attained scores have been very close
subjective observations, but typically higher. It is my opinion thiatis

nst

th

and
t

due to the documentation elements associated to the Continuous

Improvement construct. Since | am de-centralized from théititec |
support, do not always know what is happening at the facility ancatiyp
| become fully aware during this part of the assessment process.”

(Clark, personal communication, August 29, 2008)

Dan Wallace
(Regional Lean
Project Manager -
Menlo Worldwide)

“In my opinion | think the tool is great. For the most part, | think ttha
was dead on with regards to the actual score versus lean implaame
progression compared to my subjective analysis. As sites pgogker
time | will have quantitative analysis to compare against pnogi
additional feedback on growth, especially for the sites that havene@
and the correlation between certain constructs like the people
Hopefully future research and analysis will determine if therea
construct, dimension, or question that more accurately predicts tire
of the site and sustainability.”

(Wallace, personal communication, August 29, 2008)
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Mike Wilusz
(Regional Lean
Project Manager -
Menlo Worldwide)

“Standardized Processes — Sites making improvements in Storageg9
Best Practices, or WMS configuration (routing and travel patbs)dg
move the needle significantly without necessarily demonstrateghtiee
elements of the Standardized Work Principle. Overall the scars
Standardized Processes wasn't always indicative of how starethral
site's processes were.

People — Theool and points accurately depict the culture of the

Generally speaking, sites that had high scores in Managemeet
Leadership Direction/roles, and Distance & Mgmt Involvement scored
in the other components. This speaks to how impactful good leaders
on a site's overall culture.

Quality Assurance — The tool places significant value on regutié the 6

bha

1%

fo
iz

Sty
high
5hip is

elements evaluate metrics), and as a result, a site coulevachihigher
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Table 15: Lean Expert Panel Observations

score without having proper quality assurance (error prodfing,
autonomation, etc) points built in. Generally speaking, the resultsiw
line with expectations.

117

Visual Management — The tool accurately depicts the state ahlyis
management in the sites. A site can not significantly imgectoverall
score without placing focus on each element. Because elements thoroughly
incorporate our visual management tools and approach, scores are|in li

with expectations.

Workplace Organization — Again, the tool accurately depicts leve
workplace organization present in the site. Also, scores fronpdinigon
of the assessment generally follow the scores from a eltahiS
assessment.

Lot Sizing and Material Flow — | have included these together be¢heg
paint a clear picture of Just-In-Time, when combined. At §lzhce, sites
seemed to struggle to increase scores for these twq desgste making
reductions to WIP, implementing Pull Signals, eliminating stepx]
standardizing batch sizes. Upon deeper analysis, these improveraests w
typically offset by a decline in another evaluation elementa Aesult, the
scores are generally in line with expectations.

Continuous Improvement — The scores are indicative of expectatidns.| S
that fail to involve associates in discovering improvement opportanitie
and implementing change score lower overall. This is a goodtsagthe
tool captures the essence of Lean Continuous Improvement.

Overall, sites that took a targeted approach to implementing oppasuniti
revealed through the assessment saw improvements to their acores
noticeable, visual improvements on the floor. Sites that didn't see
improvements to their overall score also didn't make much visual
improvement to their processes.”

(Wilusz, personal communication, August 29, 2008)

The expert panel observations outlined numerous enhancing and lifaitiogs of the
lean implementation assessment tool. The feedback garnered fraerpit panel provides
insight into the validity of the methodology used to develop the learemwpitation assessment

tool, the lean constructs, lean practices, and corresponding evaldetian iAdditionally, the
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expert panel confirmed the comprehensive nature of the lean implementatiomasséss| and
the corresponding output providing a consistent, objective measurement methodology.

All of the expert lean practitioners concluded that the legslementation assessment
tool provided objective results and feedback to the warehouses asseSdéitionally, the
expert panel concluded that the overall results, individual lean coisstardd lean practices
included in the lean implementation assessment provided a comprehebgieiye evaluation
of the lean implementation progress in line with subjective expmasat The expert panel’s
subjective analysis was intended to be the barometer on which |plmentation was assessed
objectively providing a consistent methodology for measuring leanemmaitation providing
better information to management for decision making. Furthermt@eagesults from the lean
implementation assessments can also be analyzed to better urlevkieh tools should be
applied and taught based on statistical analysis as disgiWsltace (personal communication,
August 29, 2008).

The opportunities for improvement with regard to the lean implementassessment
tool centered on Standardized Processes, Quality Assurance, ardosdhe specific lean
practices associated with various lean constructs. In particelandardized Processes was
outlined as inconsistent with expectations by Wilusz (personal comatiemcAugust 29, 2008)
and that the results did not indicate lean implementation in leaystpractices. This feedback
will be incorporated into future research, although the lean practieesified regarding lean
storage practices are included specifically in the matdaal ¢onstruct, but not with regard to
standardized processes due to the stratification of the lean ct;isanat lean principles

developed in the literature review.
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Additionally, the feedback provided by Clark (personal communication, Au2@s
2008) regarding the Quality Assurance construct related toumegsoth the actual quality
outcomes and quality processes. This may be a result of imqkioa timing and the potential
for lags due to the time to implement strong quality procesgssis/guality outcomes or vice
versa. Furthermore, some of the lean practices outlined for emhamcéy Clark (personal
communication, August 29, 2008) were Point-Of-Use-Storage and Lot Sihieg vadditional
elements will be added to provide additional feedback and idenbficaf opportunities to
enhance the lean implementation assessment tool usefulnessilfbedamplementing lean
warehousing.

Another of the struggles noted by both Wilusz (personal communication, tAB§us
2008) and Clark (personal communication, August 29, 2008) was with regduel application
of the Lot Sizing lean construct and corresponding lean practitéss information will be
useful for management to make decisions regarding training, develgmmdnimplementation
activities during future lean implementations. Information andlfaek about specific concepts,
tools, and techniques identifies opportunities for improvement, learningbamchmarking
activities to enhance organizational learning.

The observations from the lean expert panel confirm the four eliffeypes of validity
outlined by Babbie (2004), face validity, criterion validity, construatidity, and content
validity ensuring that the lean implementation assessmentgamttually measuring the lean
constructs and practices intended. Furthermore, the observations frdearhexpert panel
confirm the generalizability of the lean implementation assesstool to other warehouses with
other assessors reducing the limiting factors outlined in CHAPINERMost importantly, the

observation by Sroka (personal communication, August 31, 2008) that tmeasitgyers found
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the lean implementation assessment tool and output useful for madangons about further

lean implementation validates thetual results achieved thatendedresults.

Assessor Agreement

The assessors utilized for this analysis were lean impletir@n{aroject managers from
Menlo Worldwide with diverse industry backgrounds of aerospace, atit@nand consumer
goods. Additionally, each assessor had years of experience innipégmentation related
activities both within Menlo Worldwide and in other organizations. Intla four individuals
completed twenty-eight assessments with the compiled resulf@bte 16 illustrating the
descriptive statistics for each assessor and assessmemtee ®f the multiple assessor

assessments were completed with two assessors and one wagexbmijitethree assessors and

the results can be seen in Table 19.

Table 16: Assessor Statistics

Assessor | # Assessments Minimum Maximum Mean Std. Deviation
ES-1 8 0 5 2.52 1.41
TS-2 11 0 5 2.27 1.38
PC-3 1 0 5 2.17 1.80
DW -4 4 0 5 2.02 1.42

Multi — 5 4 0 5 2.23 1.43

The difference in assessment scores was found to be significatief sample set, but
not significant between the assessors as seen in Table 17 and 8.aflke difference in means
for the sample set was expected due to the inherent diffenentteswarehouses relative to lean

implementation maturity and growth rates rather than differences in assessor

113



Table 17: Difference in Means

ANOVA Table
Mean * Assessor Sum of Squareg df Mean Square F Sig
Between Groups (Combined) 0.74 4 0.19 1.520 0.23
Within Groups 2.80 23 0.12
Total 3.54 27

The lower means seen in the assessments completed by WaalthGark correspond to
sites in regions that began their lean implementation latsusehe higher scores seen in the
assessments completed by Sobanski, Sroka, and Multiple Assesstd#ionally, there were
not any significant differences found in the means of the assessemsin Table 18. These
statistical outcomes help validate the results for the consista output and differences among

sample warehouses of the lean implementation assessment tool regardiesssifra

Table 18: Tukey’s Pairwise Comparison

Tukey’s Pairwise Comparison
1 2 3 4
2 -0.2258
0.7331
3 -0.7443 -0.9813
1.4443 1.1740
4 -0.1343 -0.3586 -1.0060
1.1293 0.8463 1.3010
5 -0.3443 -0.5686 -1.2160 -0.9396
0.9193 0.6363 1.0910 0.5196

Although the statistical results not finding any pairwise ddfees in the means by
assessor may be due to the relatively low number of samplesrf of the assessors, which
can impact the results. The differences in assessment samegound to be significant for the
sample set and consequently differences between the warehousasot bsignificant for
differences between the assessors. In conclusion, the sthtissod#ts further confirm the
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validity and generalizability of the output from the lean implemmigon assessment tool across

assessors, warehouses, and industries.

Data

For this analysis, twenty-eight lean implementation assessmane completed by the
four assessors in twenty-five different warehouses in the Unttds$ Canada, Germany, and
the Netherlands throughout the calendar year of 2007. Within thedUsitges, warehouses
were assessed from various states including California, GedAgihigan, New Jersey, Ohio,
Oregon, Pennsylvania, Tennessee, Texas, and Virginia. The warehsssssed were from the
automotive, high-tech, and consumer/industrial goods industry groups. Thed®uses were
assessed twice, once in early 2007 and again at the end of 200@rtafigtidentify any time
and growth impact on the lean implementation assessment tool anguhs. r&iven this wide
dispersion of industry, region, country, and states, the single cgmpgyact should be
minimized and the data should be representative of lean warehousing in general.

The eight lean constructs, fifty-eight lean practices, andhwwired-eight individual
evaluation points were examined for each of the applicable sixdnattreas during every lean
implementation assessment. The data collected resulted in 9,744luadligvaluation points,
1,624 compiled lean practice scores, and 224 overall construct $oothe twenty-eight lean
implementation assessments completed. The general descriptigéicstdor this data are

summarized in Table 19.
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Table 19: Lean Implementation Assessment Results Descriptivealistics
Warehouse Assessor N Minimum Maximum Mean Std. Devi®on
AUST — TX PC-3 58 0 5 2.17 1.80
CAN - NJ DW -4 58 0 5 1.54 1.30
DGM48 — MI ES-1 58 0 5 2.16 1.56
DGMW — Ml ES-1 58 0 5 2.09 1.34
EERSEL — ND ES/PC-5 58 0 5 2.78 1.40
GMV — Ml ES-1 58 0 5 2.22 1.42
HAHN — GE ES/PC-5 58 0 4.58 1.48 1.25
CORV - CA TS-2 58 0 5 2.29 1.44
WOOD - CA TS -2 58 0 5 2.03 1.36
WCLLC - CA TS -2 58 0 5 2.42 1.33
CANA - CN TS -2 58 0 5 2.38 1.44
RICHM — VA ES-1 58 0 5 2.32 1.40
MEM714 — TN ES/DW/PC-5| 58 0 5 2.53 1.62
LARECA — CA TS-2 58 0 5 2.55 1.28
CICA-CA TS-2 58 0 5 2.12 1.34
SPACA — CA TS-2 58 0 5 2.14 1.43
ATL1-GA ES-1 58 0 5 2.60 1.45
ATL2 - GA ES-1 58 0.53 5 3.04 1.22
NETCA - CA TS -2 58 0 5 2.03 1.59
NITIOR — OR TS-2 58 0 5 2.57 1.40
ROTT — ND ES/PC-5 58 0 4.67 2.14 1.45
RIPA — PA DW -4 58 0 5 2.32 1.45
RICA1 - CA TS-2 58 0 5 2.04 1.32
RICA2 — CA TS -2 58 0 5 2.36 1.30
RITN1 - TN ES-1 58 0 5 2.68 1.44
RITN2 - TN ES-1 58 0 5 3.05 1.46
KEPT — PA DW -4 58 0 5 2.28 1.47
KPTEDW — OH DW -4 58 0 5 1.95 1.47

The 9,744 individual evaluation point pieces of data were averaged foroéabe
functional areas by weighting the functional areas by the nhumbemplioyees. The weighted

average approach by employees in each functional area wasttakasure the scores for each
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dimension were weighted by the amount of activity taking pla@ach of the functional areas.
It was determined by the expert panel during the lean impletr@ntassessment tool
development that the number of employees in each area would progideghindication as to
the amount and importance of the work being done in each function. Fufrthgsarticular
warehouse did not have a specific function, the weight would be zetdha subsequent score
for that function would not have any weight on the results and nobulor@ed for or against the
warehouse during the assessment. If the first evaluation point was not iogaactisubsequent
evaluation points are used, the first score would be a zero whilethie evaluation points

would be scored as observed. An example of the calculations can be seen in Table 20.

Table 20: Weighted Average Calculation

Dimension Score Calculation Example
Function Employees Score Weight  Calculation
Inbound 10 1 10 30/250 = 0.120
Value Added 6 0 0 12/250 = 0.048
Services
Lat , Outbound 25 1 25 100/250 = 0.400
E(Vsig?eu(;)r(])upto;?tl)l Inventory Control 4 1 4 12/250 = 0.048
Material Returns 3 1 3 6/250 = 0.024
Office 2 0 2 2/250 = 0.008
L 44/50 =
Total 50 Possible = 50 44 0.88*5.0 =4.400
Inbound 10 3 30 30/250 = 0.120
Value Added 6 2 12 | 12/250=0.048
Services
Evaluation Point 2 Outbound 25 4 100 100/250 = 0.400
valuation Foin Inventory Control 4 3 12 12/250 = 0.048
(Scored out of 5) -
Material Returns 3 2 6 6/250 = 0.024
Office 2 1 2 2/250 = 0.008
L 162/250 =
Total 50 Possible = 25( 162 0.648%5.0 =3.240
. . L 206/300 =
Total Dimension Total Score Possible = 300 206 0.687*5.0 =3.433
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The weighted average calculation method does not equally weightaten points
within a dimension, but rather weights them on the number of respoitegacfor each
evaluation point. This scoring methodology was used because the fiksht®ra point was
generally an entry type evaluation point and the subsequent evaluatios greintith regard to
the depth of implementation. For example, the first evaluation poigtbmavhether or not
Standard Operating Procedures exist and the subsequent evaluationop&imdsthe depth with
which they have been incorporated into standard work dispatches, acdginning, and cycle
lengths. This may be a point for additional research and study testartt the impact on

scoring by leveraging this methodology.

Data Collection Methodology Validity Conclusions

The types of validity outlined in Babbie (2004) face, criterion, canstrand content
validity were addressed in the identification of the eight leanstructs and fifty-eight lean
practices and operationalization into the two-hundred-eight eiaudems. The validity was
analyzed by the expert panel and through statistical analgsisnsure theactual lean
implementation assessment tool output measuredtdrededean constructs and lean practices.

Furthermore, the output was found to be consistent with subjective ianayythe lean
expert panel and the effects of the assessor were not found etistcatly significant. These
results confirm the methodology for developing the lean implementassassment tool, the
operationalization of the lean constructs and lean practices, arttidlddta collection practices
measured the intended concepts associated with lean warehouBegfollowing chapters
further analyze the results to better understand the underlyebgrdadraw conclusions, and

develop a pared down lean implementation assessment tool framework.
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CHAPTER V
FACTOR ANALYSIS

Introduction

The data collected from the twenty-eight lean implementatisesasents conducted
were analyzed using statistical analysis and multivaratef analysis. The statistical analysis
examined the Range, Minimum, Maximum, Mean, Standard Deviat@amante, Skewness, and
Kurtosis statistics for each of the lean practices developeéat@responding evaluation points.
The data were checked for normality, correlation, and interdepentiefamne conducting factor
analysis as described by Johnson (1998). Finally, factor anabgsisperformed for sixteen
factors and seventeen significant factors and the corresponding oexputgned including the
Scree Plot, QQ-Plots, Principal Components Analysis, and Rotategddemts Matrix. The

results from the seventeen factor analysis are discussed in detail in ERAAT

Descriptive Statistics

The descriptive statistics of Range, Minimum, Maximum, Meaanddrd Deviation,
Variance, Skewness, and Kurtosis from the assessment dataletermined for each of the
cumulative fifty-eight lean practices and the cumulative totamfthe twenty-eight lean
implementation assessments performed. The lean practices sgered for each of the
corresponding evaluation points and total scores were determineddrono five as previously
described in CHAPTER IV. The cumulative results were detednioethe twenty-eight lean

implementation assessments conducted by averaging the dseédsh sample for each of the
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individual lean practices and totals. A graph of the total scot@sed by each of the twenty-

eight warehouses can be seen in Figure 10. The descriptigticstaare presented in Table 21.

The descriptive statistics for the cumulative totals and curaalégan practices provide insight

into the warehouses sampled and into the corresponding population of warehmlisesnting

lean warehousing principles and practices.

Lean Implementation Assessment Score
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Figure 10: Lean Implementation Assessment Cumulative Totals

Figure 10 illustrates the dispersion of the total scores fromiol30. There were two

warehouses that attained total scores of approximately 1.5 anithatvattained total scores of

approximately 3.0 with the majority of the total scores béietyveen 2.0 and 2.5. The lower

total scores attained were in warehouses where lean impldioertad either just begun or had

limited success. Conversely, the higher scores were in warehohses lean implementation
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had begun earlier and had been successful. The normality of the dataledrevéze following

sectionNormality Tests

Table 21: Descriptive Statistics of Lean Practices

Descriptive Statistics
Range | Min Max Mean Desitgt.ion Variance| Skewness Kurtosis

Statistic| Statistic| Statistic| Statistic| Statistic | Statistic| Statistic Std. Statistic Std.

Error Error

Total 1567 | 1.461 | 3.028 | 2.298 | 0.359 | 0.129 | -0.062 |0.441 0.606 |0.858
SOPs 4.167 | 0.417 | 4583 | 3.129 1.086 | 1.179 | -0.799 |0.441 0.004 |0.858
StndWorkDispatches 3.112 | 0.000 | 3.112 | 1.317 | 0.989 | 0.978 | 0.568 |0.441] -1.139 |0.858
CommodityGroup 5.000 | 0.000 | 5.000 | 2.101 1.633 | 2.666 | 0.186 |0.441 -0.954 |0.858
CommonPrcsBestPractic§ 4.167 | 0.000 | 4.167 | 1.850 1.325 1.755 | 0.114 |0.441 -1.165 |0.858
LoadUnload 3.500 | 0.000 | 3.500 | 1.090 | 1.062 | 1.127 | 0.512 |0.441] -0.960 |[0.858
RoutingTravel 3.750 | 1.250 | 5.000 | 2.548 | 1.088 | 1.183 | 0.429 |0.441] -0.530 |[0.858
SafetyErgonomics 4.688 | 0.000 | 4.688 | 2.962 1.345 | 1.810 | -0.695 |0.441 -0.299 |0.858
LeadershipRoles 3.045 | 1.190 | 4.235 | 3.159 | 0.798 | 0.636 | -1.015 |0.441 0.612 |0.858
MgmtStyle 3.000 | 1.250 | 4.250 | 3.154 | 0.851 | 0.724 | -0.687 |0.441] -0.372 |0.858
CrossTraining 4545 | 0.000 | 4.545 | 2.630 1.118 1.250 | -0.974 |0.441] 0.911 |0.858
TeamworkEmpowerment| 3.750 | 0.625 | 4.375 | 3.276 0.881 0.777 | -1.121 |0.441 1.636 |0.858
PowerDistance 3.182 | 1.364 | 4.545 | 2.945 | 0.682 | 0.466 | -0.135 |0.441] 0.711 |0.858
EERecognition 5.000 | 0.000 | 5.000 | 2.871 1.461 | 2.134 | -0.072 |0.441) -0.812 |0.858
CommunicationStrategy | 3.125 | 1.250 | 4.375 | 3.466 0.809 0.654 | -1.032 |0.441] 0.777 |0.858
TurnoverLayoff 4.000 | 0.667 | 4.667 | 2.946 | 1.179 | 1.390 | -0.124 |0.441 -1.156 |0.858
FiveWhyRootCause 5.000 | 0.000 | 5.000 | 1.810 | 1.467 | 2.153 | 0.587 |0.441] -0.656 |0.858
InspectionAutonomation | 5.000 | 0.000 | 5.000 | 2.972 1.425 2.032 | -0.523 |0.441 -0.382 |0.858
ErrorProofing 4.346 | 0.000 | 4.346 | 1.887 | 0.953 | 0.908 | 0.167 |0.441 0.314 |0.858
Inventorylntegrity 5.000 | 0.000 | 5.000 | 3.661 1.483 | 2.198 | -1.357 |0.441] 1.055 |0.858
ProductProcessQuality 5.000 | 0.000 | 5.000 | 1.890 | 1.865 | 3.479 | 0.570 |0.441] -1.135 |0.858
QualityMeasStats 4529 | 0.138 | 4.667 | 2.597 1.338 | 1.790 | -0.183 |0.441 -1.020 |0.858
VSM 3.571 | 0.238 | 3.810 | 1510 | 0.895 | 0.801 | 0.983 |0.441 1.171 |0.858
ProcessControlBoards 2.630 | 0.000 | 2.630 | 1.287 | 0.944 | 0.891 | -0.236 |0.441] -1.641 |0.858
MetricsKPIBoards 3.067 | 1.099 | 4.167 | 2.878 | 0.887 | 0.786 | -0.418 |0.441 -0.990 |0.858
LeanTracking 3.036 | 0.777 | 3.813 | 2.144 | 0.701 | 0.491 | 0.092 |0.441 0.530 |0.858
VisualControls 2.854 | 0.000 | 2.854 | 1.389 1.095 | 1.198 | -0.140 |0.441 -1.756 |0.858
AndonSys 5.000 | 0.000 | 5.000 | 0.770 | 1.607 | 2.581 | 1.991 |0.441] 2.487 |0.858
A3 4.500 | 0.500 | 5.000 | 2.982 1.302 | 1.694 | -0.677 |0.441 -0.794 |0.858
FiveS 3.865 | 0.635 | 4.500 | 2.862 | 0.925 | 0.856 | -0.082 |0.441] 0.257 |0.858
SignageShadowBoards 4.003 | 0.997 | 5.000 | 2.892 1.175 | 1.381 | 0.107 |0.441 -0.803 |0.858
Cleanliness 4.000 | 1.000 | 5.000 | 3.195 | 1.113 | 1.238 | -0.473 |0.441 -0.360 |0.858
SupplyMtriMgmt 5.000 | 0.000 | 5.000 | 2.684 | 1.637 | 2.679 | -0.349 |0.441] -1.164 |0.858
POUS 5.000 | 0.000 | 5.000 | 3.733 | 1.688 | 2.849 | -1.275 |0.441] 0.459 |0.858
IDProblemParts 5.000 | 0.000 | 5.000 | 2.719 1.353 | 1.830 | -0.574 |0.441 -0.650 |0.858
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Table 21: Descriptive Statistics of Lean Practices

Descriptive Statistics
Range | Min Max Mean Desitgt.ion Variance| Skewness Kurtosis

Statistic| Statistic| Statistic| Statistic| Statistic | Statistic| Statistic Std. Statistic Std.

Error Error

BatchSizes 2.215 | 0.000 | 2.215 | 1.155 | 0.620 | 0.384 | -0.332 |0.441] -0.509 [0.858
WIP 2.330 | 0.674 | 3.004 | 1.702 | 0.648 | 0.420 | 0.461 |0.441] -0.900 |[0.858
KanbanSystems 3.250 | 0.000 | 3.250 | 0.984 | 1.107 | 1.225 | 0.726 |0.441] -0.967 |0.858
QuickChangeover 5.000 | 0.000 | 5.000 | 2.527 1.082 | 1.171 | 0.173 |0.441 0.423 |0.858
LeadTimeTracking 3.245 | 0.182 | 3.427 | 1.611 | 0.731 | 0.534 | 0.457 |0.441] 0.387 |0.858
InvTurns 4.343 | 0.657 | 5.000 | 2.719 1.201 | 1.443 | 0.082 |0.441 -0.611 |0.858
OrderFreq 4548 | 0.000 | 4548 | 2575 | 1.051 | 1.105 | -0.147 |0.441 0.720 |0.858
PullSystems 3.544 | 0.000 | 3.544 | 0.881 1.291 | 1.668 | 1.000 |0.441 -0.674 |0.858
LeveledFlowWork 4.661 | 0.000 | 4.661 | 2.334 | 1.257 | 1.580 | -0.469 |0.441 -0.056 |0.858
FIFO 5.000 | 0.000 | 5.000 | 3.083 | 1.347 | 1.814 | -1.131 |0.441] 1.034 |0.858
LayoutZones 4.375 | 0.625 | 5.000 | 3.037 1.136 | 1.291 | -0.273 |0.441 -0.372 |0.858
VelocitySlotting 5.000 | 0.000 | 5.000 | 2.377 1.604 | 2.573 | -0.017 |0.441 -1.354 |0.858
TravelDistance 5.000 | 0.000 | 5.000 | 2.523 | 1.141 | 1.302 | -0.012 |0.441] 1.099 |0.858
CellStructure 4.000 | 0.000 | 4.000 | 1.060 | 1.417 | 2.008 | 1.065 |0.441 -0.392 |0.858
DemandStabilization 3.750 | 0.000 | 3.750 | 1.707 1.238 | 1.533 | -0.494 |0.441) -1.388 |0.858
CrossDocking 5.000 | 0.000 | 5.000 | 1.193 | 1.555 | 2.419 | 1.344 |0.441] 0.975 |0.858
PDCA 4.000 | 1.000 | 5.000 | 3.517 1.301 | 1.694 | -0.326 |0.441 -0.996 |0.858
KaizenEvents 5.000 | 0.000 | 5.000 | 2.484 | 1.825 | 3.332 | 0.223 |0.441] -1.582 |0.858
EmployeeSuggestion 3.000 | 0.000 | 3.000 | 1.375 | 0.873 | 0.762 | 0.363 |0.441] -0.645 |0.858
SystemsView 2.140 | 2.500 | 4.640 | 3.635 | 0.469 | 0.220 | -0.019 |0.441] 0.499 |0.858
PreventativeMaint 4.000 | 0.000 | 4.000 | 1.786 | 1.013 | 1.026 | 0.119 |0.441 -0.567 |0.858
Supplierintegration 4.000 | 0.000 | 4.000 | 1.359 1.170 | 1.368 | 0.368 |0.441 -0.927 |0.858
SPC 1.157 | 0.000 | 1.157 | 0.082 | 0.284 | 0.080 | 3.497 |0.441 11.251 |0.858
TechEquip 4.167 | 0.000 | 4.167 | 2.405 | 1.530 | 2.340 | -0.546 |0.441 -1.068 |0.858

The descriptive statistics for the cumulative total scorehi@fidan practices show that
the average lean implementation assessment score attain@2@@with a minimum of 1.461
and maximum of 3.028 providing a range of 1.567. The results from the rass&ss
corresponded to the level of lean implementation attainment andepstmn foreseen by the
Lean Expert Panel with regard to the lean practices examihah was discussed in detail in

CHAPTER V. Furthermore, the warehouses with high mean scarebve leveraged for best
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practice sharing and the warehouses with lower mean socoreertify opportunities and
develop countermeasures to leverage best practices.

The highest means observed were for the lean practices of Paiseebtorage, systems
view, PDCA, and inventory integrity. These results are not sumgrigiven the size of
warehouses and the importance of reducing travel and the usage obfpgetstorage
techniques. Furthermore, inventory integrity is a key performanasureament in warehousing,
and it is not surprising that there was high attainment in ti@lsawvarehouses. Additionally, it
is not surprising there was a strong understanding of the inteidimpaes of functions,
planning, and the PDCA cycle given the usage of lean practikeesdlue stream mapping and
the development of continuous improvement plans for each of the warehmalsegoing lean
implementation.

The lowest mean scores seen were for the lean practie¢sdréo Statistical Process
Control (SPC), pull systems, and Andon systems. This result folloersexperiences and
approach taken to implementing lean principles where practetaed to SPC and pull systems
are used later in implementation due to complexity and involvenfeother outside parties.
The general approach taken was for the warehouses to inwially on internal issues and
expand externally with data to drive pull systems. Additionally, |&a® practice related to
Andon systems was only implemented in a couple of instances. oWestl maximum scores
observed in the data were for the lean practice related to SCGhere were numerous lean
practices observed that attained the maximum score of five. Gehyethe highest minimum
score for a lean practice related to systems view.

The largest variance observed in the data was for the leatcprat Kaizen events

which corresponds to the number completed and sustained during lean intpleane This
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finding makes sense due to the more advanced sites having merard completing more
Kaizen events and conversely other sites just beginning to condueinkewvents. Conversely,
the smallest variance was observed for the lean practatedeio SPC which follows with the

low scores and low dispersion of scores seen.

Factor Analysis Preparation

To properly conduct factor analysis, the data collected from tlentymeight lean
implementation assessments conducted need to be checked for norowtigation, and
interdependence according to Johnson (1998). Factor analysis can beenbhaldetermine the
underlying factors being measured in the lean implementati@ssmsnt assuming the data are
normally distributed, the variables are correlated, and there esd@gendence between the
variables.

Each was tested in the following sections with the correspondiag dat implications
for each discussed, followed by the factor analysis output, scogeppinciple components
analysis, and rotated components matrix. Additionally, NormaliysRind QQ Plots for each
of the total scores and lean practices were developed using tisécslasoftware SPSS and
Minitab and are included in the following section QQ Plots. The iddali QQ Plots can be

seen in Figure 13.

Normality Tests
To determine if the data were normally distributed the totatseach of the lean
implementation assessments were plotted on a probability plot waiche seen in Figure 11

and Figure 12. Two normality tests of the total scores were ctatjube Anderson-Darling
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test and the Kolmogorov-Smirnov test to determine if the date warmally distributed. The
test values and p-values for each test can be seen in Figure 11 and Figune harnTality tests
and probability plots were conducted using the statistical softMariéab with p-values of 0.05
to reject the null hypothesis of the data not being normallyiloliséd. Furthermore, Q-Q Plots
for each of the lean practices and the totals were developeg the statistical software SPSS

and are included in the following sectiQiQ Plotsand the individual QQ Plots can be seen in

Figure 13.
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Figure 11: Probability Plot and Anderson-Darling Test of Total Scores

The results from the Anderson-Darling Test and the probabilityfrdaot Figure 11 do
not reject normality with a p-value of 0.05. Furthermore, the probaplbt in Figure 11 shows
the totals to be normally distributed as well. This finding wasiomed using the Kolmogorov-

Smirnov Test in the following analysis testing normality.
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Figure 12: Probability Plot and Kolmogorov-Smirnov Test of Total Scores

The results from the Kolmogorov-Smirnov Test and the probabilityfpat Figure 12
do not reject normality with a p-value of 0.05. Furthermore, the pildiggtdot in Figure 12
shows the totals to be normally distributed as well. This findomgirens the results found from
the Anderson-Darling Test in the previous analysis for normality.

The two tests for normality conducted, Anderson-Darling and Kolmeg®mnoirnov and
the probability plots do not reject the null hypothesis that the tétalthe lean assessments
conducted are normally distributed. Similarly, the QQ-Plots farheof the lean practices
measured in the data were normally distributed and are discusskdther detail in the
following section. Consequently, with normal data, subsequent stdtiatietyses can be

performed to assess the prudence of conducting factor analysis.
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QQ Plots

The QQ Plots were used to determine if the individual lean pesctivere normally
distributed and can be seen in Figure 13. The QQ Plots for thedactices appeared to be
fairly normally distributed with the exception of Andon systems, poinise-storage (POUS),
pull systems, cellular structure, statistical process cor8feC(, and Kaizen events. All of these
practices had similarities in that they were either gdiyeabserved and practiced or not
observed in practice. These lean practices had larger groupmgsdahe lower end of the
graphs and the higher end of the graphs due to the relative binaywathms for these
practices. Consequently, the relative scaling of results feethean practices tended to not
follow a normal distribution with a grouping around the mean.

However, the results of the individual normality tests were not dndaigmpact the
relative normality of the results seen for the totals, nor wHeantanto account on the entire data
set enough to skew results. Furthermore, it has been showndimatamalysis and subsequent
inferences made from the results of factor analysis aa@welly robust for data where normality
was not observed according to Johnson (1998). Thus, fifty-two of the leditgsaappear to be
normally distributed, and the totals for the twenty-eight leanemphtation assessment totals
appear to be normally distributed, with the possible exception of dixedkan practices. The
six lean practices do not have a significant impact on the nibynodlthe whole, and factor

analysis will not be precluded because of this result.
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EERecognition

Normal Q-Q Plot of EERecognition
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LeanTracking A3
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Correlation Matrix

The correlations among the lean practices were examined and saerbén Table 22.

To illustrate strong positive and negative correlations among theplegtices measured, the

correlations above 0.5 and below -0.5 have been highlighted in the Tab@o#2lation among

the lean practices intimates that some of the lean peacticay be measuring the same

underlying factors and that factor analysis would be informatidnpérformed. Correlation

among the variables enables factor analysis to be used to betterstand the underlying



independent variables being measured by the larger data set amigrtiependency among the
dependent variables.

Strong positive correlations were observed among the lean psastisafety/ergonomics
and leadership roles, leadership roles and management style, hgadales, and teamwork and
empowerment. The high correlation among these lean practioesSdl logical progression of
empowering employees, engaging them in safe work practioesfostering teamwork which
were fundamental principles of lean warehousing described in CHRRIT&d the subsequent
lean construct proposed for People and the corresponding lean practamatad with the lean
construct of People.

Similarly, there was a strong correlation observed between @wofing, Five-Why, and
root cause analysis, which makes logical sense because theaVRweand root cause
methodologies identify underlying problems, and error proofing is thaemrentation of
countermeasures for those corresponding root causes. The rootnalysts and Five-Why
methodology enables the identification and implementation of erroripgoobuntermeasures.
Furthermore, the root cause methodology communicates the causgsorsf to associates
allowing the development of processes to identify and eliminate potential sofi@eors.

Travel distance and batch sizes were also found to be highly pgsttmeélated which
was interesting because on the surface it would logically follat smaller batch sizes would
lead to increased travel distances, where the converseowas to be true. The travel distance
becomes more important as batch sizes are reduced, number of nwareased, and trips
increased. The balance of travel distance and batch sizesehowuaing is similar to that in
manufacturing of quick changeover setup time versus production time)ciogawork in

process. Consequently, the development of smaller batch sizesadayp leeductions in travel
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by identifying and implementing zone picking schemes, organizing intwlcellular structures,
collocating equipment, and other lean practices to ensure that puiiglucicreases and that it
does not lead to increased travel. Reduction in batch sizes without changing inveptokingr
schemes could result in more trips throughout the warehouse witldldass pick paths and
consequently increased travel to perform the same amount of work.

Kanban systems and pull systems, kanban systems and celluleturstruand pull
systems and cellular structure were all also found to be higirelated in the data. This
follows because many of these practices are interrelateargabelnented simultaneously. Ohno
(1978) discusses the original development of pull systems and thgenaera of those systems
through the use of kanban cards. Similarly, in warehouses, kanbanacardsed for the
management of materials, supplies, and equipment with pull sybng maintained through
cellular structures and kanbans at the shop-floor level. These peactices are often
implemented simultaneously, with one practice enhancing the other practices.

Additionally, the Plan-Do-Check-Act Cycle (PDCA) and Kaizeerds were found to be
highly positively correlated. PDCA was identified as an integral partedk#izen event process
used in lean warehousing and problem solving, so it follows that theetvo dractices are
highly correlated. The nine-step Kaizen event process obsery@dadtice has the following
structure.

e Plan: 1) Project Theme, 2) Boundaries, and 3) Grasp the Situation

e Do: 5) Action Plan and Implementation

e Check: 6) SMART Target Development (Specific, Measureableairfsble,

Relevant, and Trackable) and 7) Lessons Learned

e Act: 8) Parking Lot / Future Concerns and 9) Cost Savings / Calculations.
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The development of SMART Targets was an integral part of bothAP&re Kaizen
events were appropriate to ensure that the metrics used to mimeesuvesults of Kaizen events
and ensure that the countermeasures implemented achieve the @ssiltsgd or the Check Phase
of the PDCA Deming Cycle, and any subsequent actions to adjust the Plan.

Finally, demand stabilization and technology and equipment were faubé tighly
correlated. This result may be due to demand stabilizatiorrirggjtihhe usage of technology and
equipment as a methodology to stabilize demand. Often, thedelBnused to achieve these
results were standardized work dispatches, heijunka boards, procéss boards, and other
similar tools. These results can also be achieved by levgrémahs and functionality in the
various Warehouse Management Systems used in the warehouses to meseigey and to
ensure the work allocated matches customer demand. One suublexaas the use of
dispatching algorithms in the Warehouse Management System tie ataadardized work

dispatches by zone allocated by outbound delivery schedules.
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Table 22: Correlation Matrix of Assessment Dimensions

Corclaion et a) | Sops | “Viork | opmot| et | Lond | Roung |c ooy leadeshil Mo | Crose | Enpouer | Pover | EEL
Dispatcheg Practices S ment

SOPs 1.000 0.270 0.207 0.119 -0.336 0.048 0.08b 0.451 24%0. -0.043 0.268 0.126 0.397
StandardWorkDispatches 1.000 0.254 0.012 0.008 0.082 0.155 0.09p 0.068 540.0f 0.121 0.010 0.107
CommodityGroup 1.000 0.061 0.071 0.029 -0.185 -0.158 -0.132 -0.092 -0.143 0.178 0.023
Common/BestPractices 1.000 -0.293 -0.010 0.569 0.380 0.344 0.054 0.128 .208 0.068
LoadUnload 1.000 -0.050 -0.339 -0.541 -0.345 0.281 -0.210 0.08 -0.465
RoutingTravel 1.000 -0.154 -0.105 -0.042 0.270 -0.054 0.058 0.19
SafetyErgonomics 1.000 0.719 0.511 0.141 0.481 0.017 0.209
LeadershipRoles 1.000 0.700 0.082 0.671 0.071 0.490
MgmtStyle 1.000 0.135 0.369 0.169 0.250
CrossTraining 1.000 0.054 0.468 -0.143
TeamworkEmpowerment 1.000 -0.061 0.496
PowerDistance 1.000 0.018
EERecognition 1.000
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Table 22: Correlation Matrix of Assessment Dimensions, cont.

Corlaion i (a5) | Gaton | TUmeve | Py | o Ere | ertons | brceess | QU | v | Gonl | Kpisoaa | 1SS | Vel
trategy -tion Quality Boards S

SOPs 0.313 -0.218 0.339 0.035 0.308| 0.015 0.016 0.012 209. 0.434 0.204 0.405 -0.153
StandardWorkDispatches 0.241 0.049 0.135 0.194 0.077| -0.224 -0.037 -0.139 0.008 0.502 -0.123 0.138 0.116]
CommaodityGroup 0.066 0.149 0.296 0.078 -0.104 0.29¢ 0.45D 0.296 .2600 0.046 0.528 -0.051 -0.098
Common/BestPractices 0.308 0.360 0.235 0.376 0.119 0.253 -0.241 -0.0p4 .41 -0.178 0.192 0.186 -0.443
LoadUnload -0.145 0.223 -0.142 -0.325 -0.203 -0.234 0.056 9.0 -0.254 0.070 -0.154 -0.329 0.433
RoutingTravel -0.156 -0.139 -0.031 -0.090 0.055] 0.04% -0.437 16.2 0.136 -0.061 0.228 0.034 0.004
SafetyErgonomics 0.462 0.296 0.260 0.451 0.130] 0.204 -0.110 -0.083 .1630 0.115 -0.004 0.182 -0.392
LeadershipRoles 0.372 0.033 0.226 0.420 0.173] 0.34% -0.065 0.014 3680. 0.130 -0.014 0.288 -0.408
MgmtStyle 0.464 0.051 0.222 0.454 0.261 0.08¢ -0.047 0.047 5390. 0.031 -0.167 0.414 -0.346
CrossTraining -0.150 0.082 -0.137 0.067 -0.031 0.10¢ -0.269 9.04 0.154 0.074 0.262 0.007 0.092
TeamworkEmpowerment 0.441 0.062 0.354 0.392 0.166 0.07(¢ -0.246 -0.111 2490 -0.007 -0.003 0.056 -0.149
PowerDistance 0.002 0.039 -0.118 -0.017 -0.193 0.114 -0.070 0.145 0.217 0.000 0.384 0.183 -0.083
EERecognition 0.407 -0.034 0.021 0.070 0.017| 0.30¢ -0.036 0.200 .00 0.061 0.300 0.316 -0.168
CommunicationStrategy 1.000 0.208 0.359 0.349 0.194 -0.03y -0.156 0.0%3 .25M 0.206 0.037 0.356 -0.319
TurnoverLayoff 1.000 -0.147 -0.104 -0.200 0.023] 0.117 -0.290 0.0y -0.170 0.194 -0.015 -0.213
Five-WhyRootCause 1.000 0.456 0.686 -0.075 -0.156 0.059 0.088 0.266 0.136 0.186 0.193
InspectionAutonomation 1.000 0.458 0.071 -0.017 0.152] 0.301 0.00p -0.0p7 .1510 -0.123
ErrorProofing 1.000 -0.222 -0.187 -0.145 0.287 0.288 -0.003 0.246 -0.011
InventoryIntegrity 1.000 0.327 0.573 -0.050 -0.034 0.53¢ -0.090 -0.1f7
ProductProcessQuality 1.000 0.516 -0.339 0.226 0.201] -0.034 0.214
QualityMeasStats 1.000 -0.371 0.242 0.311 0.245] 0.047
VSM 1.000 -0.114 -0.025 0.147 -0.111
ProcessControlBoards 1.000 0.039 0.389 0.124
MetricsKPIBoards 1.000 0.111 -0.108
LeanTracking 1.000 -0.137
VisualControls 1.000
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Table 22: Correlation Matrix of Assessment Dimensions, cont.

Andon

Correlation Matrix (a,b) Sys A3 FiveS
SOPs -0.180 0.311 0.123
StndWorkDispatches -0.056 0.317 -0.069
CommodityGroup -0.270 0.206 -0.165
CommonPrcsBestPractices 0.154 0.287 0.367
LoadUnload 0.182 -0.197 -0.222
RoutingTravel -0.274 0.034 -0.352
SafetyErgonomics 0.092 0.284 0.404
LeadershipRoles 0.110 0.362 0.378
MgmtStyle 0.040 0.577 0.288
CrossTraining -0.026 0.012 0.137
TeamworkEmpowerment 0.399 0.161 0.260
PowerDistance -0.053 0.126 0.242
EERecognition 0.113 0.167 0.439
CommunicationStrategy 0.186 0.513 0.500
TurnoverLayoff -0.040 -0.208 0.137
FiveWhyRootCause 0.307 0.161 0.002
InspectionAutonomation 0.334 0.386 0.226
ErrorProofing 0.264 -0.069 -0.046
Inventorylntegrity -0.203 0.097 0.261
ProductProcessQuality -0.375 -0.068 -0.199
QualityMeasStats -0.001 0.231 0.227
VSM -0.010 0.339 0.097
ProcessControlBoards -0.096 0.066 -0.140
MetricsKPIBoards -0.333 -0.125 0.180
LeanTracking 0.113 0.445 0.202
VisualControls 0.021 -0.112 -0.307
AndonSys 1.000 0.009 0.343
A3 1.000 0.230
5S 1.000
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Table 22: Correlation Matrix of Assessment Dimensions, cont.

Correlation Matrix gir?;c?c?vs Cleanli- | Supply POUS IDProblem B:?\tch WP Kanban Quick LeadT_ime Inv Turns Order Pull Leveled
(a,b) Boards ness |MtriMgmt Parts Sizes Systems |Changeover Tracking Freq Systems [FlowWork
SignageShadowBoard  1.000 0.357 0.310 0.197 -0.137 -0.138 -0.067 -0.108 -0.149 0.067 -0.047 0.075 -0.22% 0.201
Cleanliness 1.000 0.160 0.237 -0.047 -0.052 0.169 -0.118 -0.229 -0.339 -0.174 -0.259 -0.210 0.287
SupplyMtriMgmt 1.000 0.353 -0.102 0.099 0.297 -0.194 -0.12p 0.162 0.319 0.190 -0.121 0.169
POUS 1.000 0.158 -0.001 0.464 0.099 -0.412 -0.150 -0.090-0.234 0.070 0.084
IDProblemParts 1.000 0.127 0.146 0.435 0.024 -0.198 -0.190 -0.3670.279 -0.011
BatchSizes 1.000 0.238 0.210 0.437 0.091 0.128 0.233 0.241  800.4
WIP 1.000 0.082 -0.100 0.088 0.058 -0.009 0.134 0.309
KanbanSystems 1.000 0.171 -0.196 0.154 0.223 0.795 0.042
QuickChangeover 1.000 0.163 0.131 0.487 0.243 0.294
LeadTimeTracking 1.000 0.488 0.253 -0.295 -0.22(
InvTurns 1.000 0.199 0.167 -0.149
OrderFreq 1.000 0.307 0.115
PullSystems 1.000 -0.045
LeveledFlowWork 1.000
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Table 22: Correlation Matrix of Assessment Dimensions, cont.

Cortelaton Matrx (a0) | FIF0. | O | S | pictance | Stueture |stabitsation| Dooking | PPCA | Events |Suggecio] view | Maimt  imegration
SignageShadowBoards -0.267 -0.029 0.451 0.051 0.064 -0.076 0.21)7 -0.0y4 -0.187 0.178 -0.050 0.150 0.203
Cleanliness -0.129 -0.044 0.220 0.112 -0.308 -0.064 -0.150 6D.0 -0.188 0.356 -0.201 0.050 -0.03(
SupplyMtriMgmt -0.131 -0.114 -0.032 0.098 -0.363 0.364 0.056 0.138 0.271 0.162 0.550 0.048 0.174
POUS -0.113 0.152 0.192 0.081 0.053] -0.275 0.118 -0.1p9 -0.021 0.151 0.196 0.082 0.389
IDProblemParts -0.094 -0.100 -0.265 -0.146 0.237 -0.054 0.36L .04 0.186 0.053 -0.082 0.238 0.082
BatchSizes 0.283 0.228 0.158 0.718 0.040 0.379 0.069 0.337 0.497 -0.224 0.065 .0080 0.144
WIP 0.178 0.400 0.171 0.482 0.005] 0.158| -0.035 0.386 4190. 0.157 0.345 0.119 -0.239
KanbanSystems 0.215 0.329 -0.064 0.165 0.602 0.018 0.195 0.254 0.223] 0.27( 0.048 0.294 03320.
QuickChangeover 0.102 -0.086 -0.049 0.169 0.067 0.508 -0.207 0.4%5 0.308 0.011 0.032 0.088 -0.046
LeadTimeTracking 0.100 -0.193 0.086 0.282 0.008 0.140 0.076 0.227 3310 -0.246 0.214 0.242 0.110
InvTurns 0.015 -0.069 0.082 0.235 0.069| 0.044 0.239 0.286 2430. 0.095 0.302 0.071 0.090
OrderFreq 0.022 0.307 0.156 0.302 0.184 0.470 -0.212 0.475 4110. 0.044 0.180 -0.134 -0.164
PullSystems 0.247 0.412 0.001 0.131| 0.680 0.047 0.089 0.352 0.319 0.28¢ 0.17p 0.31B  0390.
LeveledFlowWork 0.245 0.034 0.279 0.316 -0.168 0.398 -0.336 0.226 .1660 0.002 0.057 -0.023 -0.130
FIFO 1.000 -0.078 -0.119 0.281 0.067| 0.257| -0.265 0.379 0.213 0.062 0.136 0.257 -0.317
LayoutZones 1.000 0.444 0.549 0.333 -0.139 0.017 0.19y 0.321 01%90. 0.138 -0.128 -0.098
VelocitySlotting 1.000 0.496 0.178 -0.123 -0.139 0.097 0.086 -0.193 -0.149 0.050 0.192
TravelDistance 1.000 0.057 0.162 0.027 0.414 0.555 -0.186 0.049 .019 -0.021
CellStructure 1.000 -0.396 0.385 0.139 0.073] 0.128§ 0.040 0.336 0460.
DemandStabilization 1.000 -0.443 0.369 0.319 0.091] 0.18 0.104 -0.105
CrossDocking 1.000 -0.107 -0.151 -0.030 -0.090 0.017 0.134
PDCA 1.000 0.613 0.356 0.384 0.284 -0.441
KaizenEvents 1.000 -0.152 0.324 0.103 -0.103
EmployeeSuggestion 1.000 0.297 0.298 -0.177
SystemsView 1.000 0.226 0.031
PreventativeMaint 1.000 0.060
Supplierintegration 1.000
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Table 22: Correlation Matrix of Assessment Dimensions, cont.

Correlation Matrix (a,b) SPC TechEquip
SignageShadowBoards -0.250 -0.178
Cleanliness 0.027 -0.080
SupplyMtriMgmt 0.110 0.318
POUS 0.187 0.015
IDProblemParts 0.235 -0.124
BatchSizes 0.064 0.233
WIP 0.425 0.088
KanbanSystems 0.363 -0.086
QuickChangeover 0.024 0.275
LeadTimeTracking -0.285 0.181
InvTurns 0.007 0.099
OrderFreq -0.057 0.211
PullSystems 0.586 -0.149
LeveledFlowWork 0.084 0.258
FIFO 0.240 0.002
LayoutZones 0.120 -0.092
VelocitySlotting -0.190 -0.125
TravelDistance -0.121 0.016
CellStructure 0.167 -0.477
DemandStabilization 0.278 0.671
CrossDocking -0.146 -0.493
PDCA 0.328 0.009
KaizenEvents 0.157 0.086
EmployeeSuggestion 0.458 0.123
SystemsView 0.291 0.231
PreventativeMaint 0.511 0.038
Supplierintegration -0.250 0.111
SPC 1.000 0.214
TechEquip 1.000
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The correlation matrix in Table 22 outlines numerous lean prac¢haesvere both highly
correlated as discussed and many other lean practices thatbwtbrenoderately positively
correlated and moderately negatively correlated. Converselye tivere not any highly
negatively correlated lean practices observed in the data, whidateslithat none of the lean
practices implemented negatively impacted other lean practiddaving no significantly
negatively correlated lean practices supports the assumptionahawdeehousing practices are
generally better than traditional practices by indicating tloae of the lean practices negatively
correlate to each other. The correlations among the leaticesaenhance the likelihood that
many of the variables may be measuring the same underfetgd and that factor analysis will
provide additional insight into the measurement of lean warehousing.

Additionally, a Spearman Rho test was performed using SPSS tmaeddhe statistical
significance of the correlations among the variables in theashatdhe results are in APPENDIX
D. The results of the significance testing of correlatiansreg the lean practices found that
each was statistically significantly correlated to attlea® other variable, where= 0.05. The
only lean practice that was not found to have a statisticaliyfisignt correlation with another
lean practice was Cross-Training. Consequently, there wastisgdly significant correlation
among the variables with the possible exception of Cross-Trainingchwimay be an

independent variable, to be tested during subsequent factor analysis.

Interdependence
According to Johnson (1998), the response variables should be testedreothasthey
are independent or uncorrelated before performing factor amhadysprincipal components

analysis, which can be tested by examining the eigenvalues arthishehg whether or not the
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result is a diagonal matrix. To ensure that factor analydiprevide meaningful results, there
must be significant correlation among the variables, which wated by conducting the
likelihood test for independence of the variables, whexePH | and Ha:P # 1. The test from
Johnson (1998, p 111) rejects Kl —a*InV > y%,pp1y2 For this analysis, with the fifty-eight
degrees of freedom for this test, the results of this test privadet was rejected and that there
is interdependence among the variables. Subsequently, principal congpanalysis and factor
analysis were performed to provide insight into the underlyingpfaanherent in the data.
Furthermore, the data exhibited interdependence due to the statistigaificant correlations
among the lean practices as discussed in the previous section.

Additionally, the subsequent principal components analysis illustratdtscollinearity
between the variables since there appear to be only severdaditant principle components
for the data explaining 91.34% of the variance with just seventeembleifor the fifty-eight
lean practices. Consequently, there was high correlation observedehethe fifty-eight
variables because the space was over-defined with fifty-eadbles when seventeen explain

the vast majority of the variance observed in the data.

Factor Analysis

Factor analysis was performed since all the Johnson (1998) condéarised were met
as discussed in the previous sections for normality of the tot&@sPIRts of the variables,
correlation among the variables, and interdependence of thélearia the data. Therefore,
principal components analysis and factor analysis were peroand are discussed in the

following sections with the results discussed in CHAPTER VI.
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According to Johnson (1998, p147), the objectives of factor analysis dderige,
create, or develop a new set of uncorrelated variables, calldellying factorsor underlying
characteristics with the hope that these new variables will give a better uadeliag of the
data being analyzed.” Furthermore, according to Johnson (1998) tkeoféector analysis are
to determine a smaller set of uncorrelated variables, deterthexenumber of underlying
variables, interpret the new variables, and potentially use thevaeables in subsequent
statistical analyses. Consequently, the scree plot, principal contpanalysis, variance
explained in various models, sixteen-factor analysis, and sevdatden analysis were
performed and the corresponding results examined in the followingrseeind in CHAPTER

V1.

Scree Plot

The Scree Plot was developed in SPSS to examine the varianeenedpby each
subsequent eigenvalue developed from the principal components analyseeand Figure 14.
The Scree Plot of the principal components along with the principalponents analysis of
variance, testing different numbers of factors, and looking atigeselues greater than one
helped determine the appropriate number of underlying factors Isesibileg the data observed
in this analysis.

Often the Scree Plot will show a clear delineation in theuarhof variance explained by
each of the principal components and help in determining the apeopumber of underlying
factors (Johnson 1998). There was not a clear precipitous delineatirmamount of variance
explained except at sixteen or seventeen principal componentstandnaity-three principal

components seen in Figure 14. This follows after examining the eigesvgreater than one
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which include seventeen principal components seen in following sectionip@l Components
Analysis. The subsequent factor analysis was conducted for bd#ersiand seventeen
significant factors and discussed in detail in the followingicest Rotated Components Matrix

Sixteen Factors and Rotated Components Matrix Seventeen Factors andRiT ERIAI.

10 T

The Scree plot illustrates
the eigenvalues and herg
we see that there are 1
components with

eigenvalues >1.00.

ﬁa—

Eigenvalue

L L L T . . . L T T e, . o, T e T L
1 3 57 9 1113151719 21 232527 29 31 33 35 37 39 41 43 45 47 49 51 53 55 &7

Component Number
Figure 14: Scree Plot of Principal Components

Principal Components Analysis

Principal components analysis was conducted to develop a new set ofelatedrr
variables and to determine the true dimensionality of the dathuedo the multicollinearity and
interdependence of the fifty-eight lean practices identified megsured in the data. The
uncorrelated set of variables was used to determine the numberesfyimgifactors significant

in explaining the variance in the data set, predictions about the populaithout
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multicollinearity, and other inferences made in subsequentsaglyThe details of the principal

components analysis and results are included in Table 23.

Table 23: Principal Components Analysis

Total Variance Explained

Initial Eigenvalues

Extraction Sums of Sq Loadings

Rotation Sums of Loadings

A W o O Ol P © 0N O OO P,

% Cumul. % Cumul. % Cumul.
Comp| Total of Var. % Total of Var. % Total of Var. %
1 10.03779| 17.30658 17.306%3 10.03779 17.30653 1338064.67424| 8.05903 8.0590
2 5.54441 | 9.55932 26.86585 5.54441 9.55932 26.8658%21%2 | 7.96848| 16.0275
3 5.03621 | 8.68313 35.54897 5.03621 8.68313 35.548929745| 7.23784| 23.2653
4 450814 | 7.77266| 43.32163 4.50814 7.77266 43.321634043 | 6.96625| 30.2316
5 3.88286 | 6.69459 50.01622 3.88286 6.69459 50.016272885| 6.42871| 36.6603
6 3.43214 | 5.91749 55.933711 3.43214 5.91749 55.9337770839 | 6.39395| 43.0542
7 3.10182 | 5.34796 61.28167 3.10182 5.34796 61.281607430 | 5.30017| 48.3544
8 2.67388 | 4.61014 65.89181 2.67388 4.61(014 65.8918D0386 | 5.17872| 53.533]
9 2.38052 | 4.10434 69.99615 2.380%2 4.10434 69.996157724 | 4.78834| 58.3214
10 2.12647 | 3.66633 73.66248 2.12647 3.66633 73.662430231 | 4.65951| 62.9809
11 1.91600 | 3.30346| 76.96594 1.91600 3.30346 76.9659466209 | 4.58982| 67.5708
12 1.69832 | 2.92813 79.89407 1.69832 2.92813 79.894063038 | 4.53514| 72.1059
13 1.54778 | 2.66858 8256266 1.54778 2.66858 82.562663537 | 4.37166| 76.4776
14 144493 | 2.49126/ 85.05392 1.44493 2.49126 85.0%3925427 | 4.23184| 80.7094
15 1.38534 | 2.38851] 87.44243 1.38534 2.38851 87.442435982 | 4.06831| 84.7777
16 1.22875| 2.11853 89.56097 1.22875 2.11853 89.560902006 | 3.48287| 88.2606
17 1.03511| 1.78467| 91.34564 1.03511 1.78467 91.345648931 | 3.08501| 91.3456
18 | 0.93149| 1.60601 92.95145
19 | 0.79063 | 1.36315 94.31480
20 | 0.70317| 1.21236 95.52715
21 | 0.62524 | 1.07800 96.60516
22 | 0.52848 | 0.91117] 97.51633
23 | 0.49532| 0.85400 98.37033
24 | 0.32326 | 0.55734 98.92767
25 | 0.27597 | 0.47582 99.40348
26 | 0.19422 | 0.33486 99.73834
27 | 0.15176| 0.26166/ 100.00000
58 | 0.00000| 0.00000 100.00000

Extraction Method: Principal Component Analysis.
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From Table 23, one can see that the first principal component hageanaue of 10.03
and explains 17.30% of the variance observed in the data. It follows hhtlbegeventeenth
principal component which has an eigenvalue of 1.03 and explains 1.78% ofiimeean the
data set. Beyond the seventeenth principal component, the eigenasuless than 1 and
explain less than 1.60% of the variance in the data. Cumulatively, 91084P®& variance
observed in the data was explained through the seventeenth principal cotpohkee
subsequent factor analyses were conducted for sixteen factdrsewenteen factors and
discussed in the following two sections. The full SPSS statisbutputs are included in

APPENDIX E and APPENDIX F.

Rotated Components Matrix Sixteen Factors

Factor analysis was completed using one less factor, 16, tham fetatistically
significant from the principal components analysis, 17, with ingtigénvalues greater than one.
According to Johnson (1998), this methodology provides an initial startimg fooi analyzing
the number of significant factors that best describe thelbdatg examined. SPSS was used to
conduct the factor analysis using the Varimax with Kaisemdization method for rotating the
component matrix to ease the interpretation of the correspondingsregulpared-down table
was included in APPENDIX E in Table 24 with correlations of plusnarus 0.50 shows the
results of the sixteen factor analysis for additional analyEn® rotated components matrix table
was pared down to ease the understanding of the lean practicegtbatighly correlated and
present a concise, interpretable table.

The results for sixteen factors did not explain as much varianceroeide as much

clarity on the corresponding independent factors for the rotated componainis as seen for

152



seventeen factors and discussed in the following section Rotatepdo@ents Matrix Seventeen
Factors. The sixteen-factor analysis explained 89.289% of the \v@a@served in the dataset.
The full SPSS statistical output for sixteen factors is providedPPENDIX E. Similarly, other
numbers of significant factors were examined with similaultesand findings, but it was found
that seventeen factors provide the best explanation of the variancesoribe the underlying

factors with the most clarity.

Rotated Components Matrix Seventeen Factors

Factor analysis was completed using seventeen statistisigihificant factors and
compared to sixteen factors along with analysis of other numbeaigroficant factors. For all
the analyses, SPSS was used to conduct the factor analysis hesiMartmax with Kaiser
Normalization method for rotating the component matrix to easeinteepretation of the
corresponding results along with comparing the amount of variancaireeghl The full SPSS
statistical output for seventeen factors is provided in APPENDIX F.

The rotated components matrix for seventeen factors was includeel frable 24 along
with a pared down version in CHAPTER VI in the Table 25 to illastthe results and
significant correlations among the seventeen significant facfoine rotated components matrix
makes it easier to understand the correlations among the undddgtogs by providing a best
fit across the data set to interpret the results. The notedotomponent matrix was also

included in APPENDIX F.
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Table 24: Rotated Components Matrix Seventeen Factors

Rotated Component Matrix®

Component Factor Number

1| 2|3| 4|5 |6 |7|8]|9]|10|11|12|13]| 14| 15| 16| 17
SOPs .217|-.149|-.050| .335| .180| .052| .331| .037| .087| .624|-.015| .125|-.012| .170|-.200|-.278| .022
StndWorkDispatches .100| .129| .037| .812|-.109|-.276| .107| .030|-.016| .067| .049| .088| .027| .000| .111 |-.060|-.020
CommodityGroup .036(-.027| .043| .314|-.073| .254-.091| .006| .001| .003|-.057| .882|-.068| .014 | .103 |-.046| .023
CommonPrcsBestPracticed .270| .396|-.055|-.128| .414| .040|-.126| .171| .024| .035| .051| .089| .100| .347| .436|-.112| .010
LoadUnload -.165|-.062| .109]-.119|-.781|-.209| -.260| -.048| -.168| .034 | .196| .083| .150| .006 | .189| .016|-.098
RoutingTravel -.089|-.201| .200| .118| .230|-.117| .049 | .596-.436|-.089| -.100| .060 | .313|-.250|-.082| .014 | .130
SafetyErgonomics .340| .523|-.378| .106| .257| .067| .243| .026|-.007| .113|-.022|-.222| .081| .039| .414| .161|-.035
LeadershipRoles .461| .280|-.193| .003| .315| .108| .637|-.044| .126| .152|-.129|-.117| .160| .016| .076|-.057|-.167
MgmtStyle .805|.117/-.090|-.132| .228|-.041| .252| .040| .180| .095| .004|-.060| .180|-.075| .101| .032| .041
CrossTraining -.011| .078|-.102| .080|-.125|-.022|-.015| .004-.140| -.006| .087 |-.085| .913 | .076| .048| .087 | .118
TeamworkEmpowerment | .142| .323|-.092| -.084|-.013|-.188| .820|-.068| .007| .084 |-.068|-.025| .030| .042 | .084| .009 | .189
PowerDistance .142-.110| -.094|-.077| .054 | .246|-.056| .048|-.009| .119| .442| .227| .560| .168| .030|-.181| .133
EERecognition .046(-.010| .108| .147| .289| .252| .742| .289|-.045| .018| .217|-.013|-.176| .169 | -.058| .061 | .003
CommunicationStrategy | .493|.197| .113| .156 .012-.080| .273| .079|-.062| .267 | .008 | -.033|-.302| .326 | .358| .048| .271
TurnoverLayoff -.095|-.028| -.020| -.067|-.032| .049| .048|-.055| .060|-.088| .041| .061| .033| .006 | .931 |-.096| .007
FiveWhyRootCause .116| .403| .050|-.051| .163|-.276| .089 |-.046|-.024| .562|-.191| .465 | -.105| .005 |-.066| .174 | .185
InspectionAutonomation | .334|.788| .136| .077| .253|-.035| .064 |-.194| .019|-.056|-.075| .098| .049|-.105|-.061|-.030| .218
ErrorProofing -.026| .452| .139]-.084| .243|-.354|-.008| .185| .205| .545|-.108| .046 | -.032|-.160|-.182| .009 | .129
InventoryIntegrity .062| .177| .015|-.093|-.006| .704| .213| .242|-.006(-.150|-.321| .201| .175| .197| .020| .150-.226
ProductProcessQuality | .045| .007|-.056| .156 |-.305| .606 | -.106|-.169| .407 |-.013| .010| .228|-.236|-.322| .020|-.004|-.191
QualityMeasStats .146| .120| .140| .010|-.144] .679|-.041|-.093| .095| .061| .046 | .169|-.061| .140|-.268| .519| .016
VSM .463|.120| .127|-.174| .156 |-.262| .037| .289| .262| .011|-.183|-.173| .292| .119|-.037|-.486| .179
ProcessControlBoards .052|.052| .141| .507|-.189| .071| .019|-.016| .052| .679|-.062|-.137| .067 |-.162|-.031| .188 |-.170
MetricsKPIBoards -.284| .025|.099| .084| .169| .570| .060| .266| .053| .160|-.070| .392| .290| .172| .137|-.054| .266
LeanTracking .398(-.126| .414| .177| .374| .105| .074|-.008| .190| .372| .272|-.143| .044|-.017| .033| .263| .175
VisualControls -.203| .085| .207| .087|-.616| .076|-.064| .033|-.052|-.052| .245 |-.166| .016 | -.280|-.334(-.171| .209
AndonSys -.033| .444| .292|-.356(-.032|-.415| .245 | -.252|-.093| .012| .328|-.003|-.079| .248 | -.064| .216 | -.090
A3 .861|.081| .071| .273| .027| .026| .018| .051|-.139|-.066| .023| .088 |-.042| .203|-.132| .029| .149
FiveS .156 .239| .007|-.056| .199| .234 | .248|-.147|-.021| .006 | .217|-.188| .031| .733| .120| .026| .031
SignageShadowBoards ~ |-.032|-.270| -.123|-.170|-.162| .236|-.079| .311| .125| .104| .069| .164| .318| .618|-.124| .004 |-.119
Cleanliness -.096|-.057|-.187|-.050| .150| .815|-.014| .095|-.256| .013| .240|-.112| .027| .216| .115]| .030|-.023
SupplyMtriMgmt .309| .134|-.139| .134|-.172| .222| .299-.230| .360| .104 | .347| .095| .348| .166 | .040|-.109|-.299
POUS .071|-.074| .080| .104|-.237| .002|-.033| .104|-.096|-.060| .732|-.118| .181| .201|-.123| .145|-.211
IDProblemParts .117|-.218| .399| .167|-.092| .047 |-.184|-.431|-.160| -.024| .015|-.471|-.216| .178|-.270| .026 |-.063
BatchSizes .089|.050| .117| .897|-.014| .127|-.026| .048| .071| .090|-.097| .102|-.014|-.071|-.223| .003 | .117
WIP .391|.119| .134| .358| .379| .051|-.018| .179| .046|-.019| .462|-.313| .257| .035| .160| .031 |-.086
KanbanSystems .044-.026| .876| .130|-.015| .013|-.111|-.036|-.039| .031|-.037| .061|-.169| .116| .055| .003 | .090
QuickChangeover .074|.313| .171| .310| .149| .002|-.094|-.035| .084| .078|-.712| .086 | .000| .056 | -.184| .084 |-.136
LeadTimeTracking .210| .079|-.249| .016| .050|-.104|-.217| .076| .837| .001|-.096| .070 | -.026|-.052 -.098| .196 | .095
InvTurns .077|-.153| .145| .118| .079| .006 | .376|-.009| .756 | .071|-.096| .040|-.123| .018| .215|-.043|-.077
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Table 24: Rotated Components Matrix Seventeen Factors

Rotated Component Matrix®

Component Factor Number
OrderFreq .177| .381| .283| .029| .153| .020|-.058| .222| .248| .091|-.226| .622| .121|-.068|-.157|-.256(-.195
PullSystems .115| .029| .932| .069|-.037|-.023| .143| .063|-.083| .107|-.030| .020 | -.008| -.144| -.068| .028 | .049
LeveledFlowWork .081| .209|-.040| .553| .192| .166| .164| .136|-.276|-.255|-.103| .130| .159| .520| .038| .104 | .007
FIFO .198| .173| .153| .153| .191|-.103| .096 | -.028|-.007|-.015|-.054| .020| .216|-.020| .000| .102 | .838
LayoutZones .245|-.029| .326| .221| .030|-.073|-.070| .613|-.226| .278| .215| .116|-.168|-.199| .212|-.183|-.136
VelocitySlotting .020|-.085|-.017| .124|-.088| .182| .068| .878| .095|-.083| .072| .012|-.025| .198 | -.088| .009 | -.040
TravelDistance .300|-.048| .024| .659| .135| .191|-.166| .477| .196| .102| .083| .114|-.012|-.103| .013|-.094| .195
CellStructure -.020|-.334| .748|-.107|-.016|-.198| -.243| .253| .088| .003 |-.063| .086 | .042|-.051|-.075| .226 | -.009
DemandStabilization .159| .672| .009| .313| .055/| .189| .184|-.184| .096 | .106|-.296| .057 | .310| .064 |-.109|-.111| .027
CrossDocking -.207|-.783| .197| .132(-.013|-.100| -.141|-.192| .272| .158| .089|-.079| .092|-.056| -.058| -.079| -.156
PDCA .520|.079| .262| .167| .554| .075| .116| .039| .138| .294|-.120| .165| .024 | .069 |-.214| .114| .081
KaizenEvents .738|.201| .222| .342| .102| .056 |-.092| .020| .243|-.032| .029| .023 | -.224|-.053| -.169| -.096| .015
EmployeeSuggestion .029|.046| .302|-.256| .201 | .252| .070|-.196|-.142| .582| .091| .054| .211| .301| .238| .194|-.062
SystemsView .568|.119| .073| .027|-.037|-.170| .330|-.155| .217| .271| .178| .157| .138| .004 | .187| .228|-.170
PreventativeMaint .117|.070| .328-.126|-.032| .168| .045| .025| .201| .136-.020|-.243| .094 | .064 |-.129| .755| .173
Supplierintegration -.038|-.143|-.061| .137-.859| .139|-.036| .038| .139|-.077| .006 | .006 | .042 | .008 |-.066| .164 |-.187
SPC .023| .337| .548| .049| .211| .018| .334|-.180| -.137| .162| .307|-.255| .107|-.043| .039| .314| .030
TechEquip -.118| .785|-.179| .289-.148|-.027| .135|-.137| .144| .255|-.009|-.003|-.060| .155| .079| .074|-.139

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization

a. Rotation converged in 33 iterations.

Conclusions

The data collected from the twenty-eight lean implementatisesaments conducted
were analyzed using statistical analysis and multivadateor analysis.
statistics were examined for each of the lean practicesotaldstores. The data were checked
for normality, correlation, and interdependency before conducting factdysis as described by
Johnson (1998).
significant factors and the corresponding outputs examined includirgctiee Plot, QQ-Plots,

Principal Components Analysis, and Rotated Components Matrix.
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The descriptive

Finally, factor analysis was performed for sixteetiors and seventeen

Thiedatamponents




matrix shows the correlations among the lean practices fir ehthe seventeen significant
underlying factors determined from the factor analysis. The higlreelations, interpretation of

the results, and conclusions are discussed in detail in CHAPTERBSULTS and CHAPTER

VII: CONCLUSIONS.
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CHAPTER VI
RESULTS

Introduction

The results of the development and application of the lean implemantssessment
tool were analyzed using the factor analysis output and rotateck mvéh seventeen factors as
previously described in CHAPTER V. The factor analysis uncovesventeen independent
variables being measured by the lean implementation assessmleand are discussed in this

chapter.

Significant Factors

From the factor analysis, there were seventeen signiffeatiirs observed in the data
measuring lean warehousing related to continuous improvement and problem solvingg louildin
quality, pull systems, standardized processes, customer integratioiy gsalirance, people,
inventory management, material flow, information sharing, point of siseage, inventory
strategy, employee development, workplace organization, employsgioat quality systems,
and first in first out. The underlying factors were found to geicant based on the significant
correlation coefficients greater than or less than 0.5 for eadheofsignificant factors or
components and are included in Table 25. The significant factorsoaredated lean practices
were synthesized into the following seventeen independent varialiesseventeen significant
underlying factors identified will be discussed in detail in this sectiorgaketin the implications

and conclusions that can be drawn in CHAPTER VII.
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Table 25: Pared Down Rotated Components Matrix Seventeen Factors

Component 1 Correlation
A3 0.86106
MgmtStyle 0.80469
KaizenEvents 0.73824
SystemsView 0.56810
PDCA 0.51996
Component 2 Correlation
InspectionAutonomation 0.78818
TechEquip 0.78529
DemandStabilization 0.67205
SafetyErgonomics 0.52284
CrossDocking -0.78310
Component 3 Correlation
PullSystems 0.93214
KanbanSystems 0.87575
CellStructure 0.74849
SPC 0.54752
Component 4 Correlation
BatchSizes 0.89746
StndWorkDispatches 0.81164
TravelDistance 0.65904
LeveledFlowWork 0.55321
ProcessControlBoards 0.50746
Component 5 Correlation
PDCA 0.55437
VisualControls -0.61558
LoadUnload -0.78055
Supplierintegration -0.85939
Component 6 Correlation
Cleanliness 0.81528
InventoryIntegrity 0.70427
QualityMeasStats 0.67910
ProductProcessQuality 0.60625
MetricsKPIBoards 0.56966
Component 7 Correlation
TeamworkEmpowerment 0.81959
EERecognition 0.74238
LeadershipRoles 0.63729
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Component 8 Correlation
VelocitySlotting 0.87789
LayoutZones 0.61270
RoutingTravel 0.59626
Component 9 Correlation
LeadTimeTracking 0.83744
InvTurns 0.75590
Component 10 Correlation
ProcessControlBoards 0.67944
SOPs 0.62351
EmployeeSuggestion 0.58181
FiveWhyRootCause 0.56179
ErrorProofing 0.54469
Component 11 Correlation
POUS 0.73152
QuickChangeover -0.71191
Component 12 Correlation
CommaodityGroup 0.88185
OrderFreq 0.62208
Component 13 Correlation
CrossTraining 0.91299
PowerDistance 0.55979
Component 14 Correlation
FiveS 0.73251
SighageShadowBoards 0.61785
LeveledFlowWork 0.51993
Component 15 Correlation
TurnoverLayoff 0.93075
Component 16 Correlation
PreventativeMaint 0.75521
QualityMeasStats 0.51863
Component 17 Correlation
FIFO 0.83843




Component One — Continuous Improvement and Problem Solving

The significant correlations for component one consisted of One-PagertR (A3),
Management Style, Kaizen Events, Systems View, and Plan-Dcké&wt (PDCA). The first
component was found to be the most significant and explained 17.3% of the variance observed in
the data. This component seems to be primarily measuring an umgléagtor related to basic
lean principles of problem solving and the problem solving process diddog$#eming (1994)
with regard to Plan-Do-Check-Act using a Systems Viewoteesproblems. The management
style used in lean warehousing involves engaging employeesirsetting and problem solving
and leverages the corresponding tools, Kaizen events and one-page(Ags)rtConsequently,
continuous improvement and problem solving was the most significant factoeasuring lean
warehousing. This factor relates to the process of problem solving and getipig pngaged in

lean warehousing rather than to specific tools, which is an important finding.

Component Two — Building in Quality

The significant correlations found for component two were Inspection and
Autonomation, Technology and Equipment, Demand Stabilization, Safety aoddangs, and
negatively Cross-Docking. The second significant component explainedd.€% variance
observed in the data when measuring lean warehousing. This compeeets to be primarily
measuring an underlying factor related to basic lean prirscipfe building in quality to
processes, people, and technology. Building in quality with regardoegses relates to
inspection and autonomation and demand stabilization with relation to peopligh safety and
ergonomics, and technology through technology and equipment. Interestiragg;docking

was found to be negatively correlated to this component which maydselaof some standard
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processes being circumvented to move material quickly from one tar@aother without
following the standard process, or of having two processes foriatdtew. Cross-docking
should lead to efficiency gains due to the elimination of procegs,sbut may require further
study to determine the efficacy in lean warehousing or nyineeadditional process stability to
reduce the negative correlations found. Consequently, cross-docking neéds faother
analyzed and potentially eliminated from further assessment afpplis. These lean practices
are often fundamental in identifying problems and getting peepimged in reducing process

variability.

Component Three — Pull Systems

The significant correlations for component three were Pull Bysté&anban Systems,
Cellular Structure, and Statistical Process Control. The toindponent explained 8.7% of the
variance observed in the data. This component seems to be grimaasuring an underlying
factor related to the basic lean principle of pull systemsll $9stems are a basic principle of
lean discussed by Ohno (1978) utilizing the techniques of kanban systémsllalar structures.
Interestingly, statistical process control was found to be higbiyelated to this factor which
may be a result of the requirement to have a strong qualdagunement system to ensure output
meets requirements when leveraging pull systems to ensuresdafechot passed to the next

process and quality is built in.

Component Four — Standardized Processes

The significant correlations for component four were Batch Si&sndard Work

Dispatches, Travel Distance, Leveled Flow and Work, and ProcesolCBoards. The fourth
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component explained 7.8% of the variance observed in the data fromndéigsis. This
component seems to be primarily measuring an underlying fadaiedeto the basic lean
principle of standardized processes which was another key primbgoigfied by Ohno (1978).
The development of standardized processes involves determining conbetemtsizes and
standardized work dispatches to manage work. Subsequently, the developstandardized
processes leverages process control boards to communicate the ptogesis plan and
identify variances to plan. The variances to plan can be eausted and the problem solving
process can occur. These practices enable the leveling ofiahdliev and work, while

reducing travel distance, one of the forms of waste, by grouping sinpks tf work.

Component Five — Customer Integration

The significant correlations for component five were Plan-Doei#ect (PDCA) and
negatively Visual Controls, Load and Unload Processes, and Suppkeratmn. The fifth
component explained 6.7% of the variance observed in the data for mgdsan warehousing.
This component seems to be primarily measuring an underlymgy feelated to the basic lean
principle of customer integration which was observed in the Plagiiamk-Act (PDCA)
continuous improvement plan development. Interestingly, PDCA was negatoretlated with
visual controls, load and unload processes, and supplier integration. Tiwenegrrelations
may be explained by the limited customer involvement in driviagdsird load and unload
processes and supplier integration in many of the samples. 8wpanating the PDCA cycle
into the development of these processes, this impact could be red&eether, potential

customer integration benefits have to be weighed against incregéslecbsts of transportation at
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shipping points to drive reductions in costs at the subsequent downstreahowss and their

processes by incorporating them into the continuous improvement process.

Component Six — Quality Assurance

The significant correlations for component six are Cleanliness,ntore Integrity,
Quality Measurement Statistics, Product and Process Qualitilaimits and KPI Boards. The
sixth component explained 5.9% of the variance observed in the data.offfperent seems to
be primarily measuring an underlying factor corresponding to beecprinciples in relation to
guality assurance within processes, inventory, and workplace organizdthis factor relates
the high correlation of workplace organization and cleanliness, inyemtgrity, and product
and process quality. Quality assurance is attained through theplaatices of quality
measurement statistics and metrics and key performance ordimzdrds which communicate
the status towards plan of important warehouse measurements. Werkpianization and
cleanliness have been correlated to increased quality in pescds® to the structure and

discipline developed in 5S as part of lean warehousing.

Component Seven — People

The significant correlations for component seven were Teamwork anbviiarment,
Employee Recognition, and Leadership Roles. The seventh componemeak@a8% of the
variance observed in the data in this analysis. This component sebmprimarily measuring
an underlying factor related to the basic lean principle of peoflke lean principles of
teamwork and empowerment, employee recognition, and leadership Holedate to the

interaction of management and associates in the warehouse. Fuortheremployee
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empowerment and employee engagement were identified by 2K&4) as a fundamental
principle of implementing lean through problem solving techniques anmdasiag individual

responsibility to associates.

Component Eight — Inventory Management

The significant correlations for component eight were Velo8hkytting, Layout and
Zones, and Routing Travel. The eighth component explained 4.6% of the gaslaserved in
the data. This component seems to be primarily measuring anyimgdector related to the
basic lean warehousing principles of inventory management focityelslotting, layout and
zones, and routing and travel paths. This component measures the importammeaging
efficiency and reducing worker travel due to the dynamic eatfirvarehousing and responding
to changes in customer demand. Obviously, in warehousing, inventorygenagat is of

particular importance; the associated lean practices have simgdartance.

Component Nine — Material Flow

The significant correlations for component nine were Lead TimeKimg and Inventory
Turns. The ninth component explained 4.1% of the variance observed in ¢he dhis
component seems to be primarily measuring an underlying fatdteddo basic lean principles
of material flow where lead times are tracked and inventanstmanaged at the process level,
at the function level, and at the warehouse inventory reorder pointsiagiig material and
inventory flow reduces the amount of work in process and manages inviavels/to reduce

congestion and eliminate lean wastes of inventory, overproduction, and travel.
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Component Ten — Information Sharing

The significant correlations for component ten were Process C@ueolls, Standard
Operating Procedures, Employee Suggestions, Five-Why and Roat Saaby/sis, and Error
Proofing. The tenth component explained 3.7% of the variance observed datéhe This
component seems to be primarily measuring an underlying fadaiedeto the basic lean
principle of information sharing. Information sharing enables empla®mpowerment and
aligns resources on priorities, processes, and continuous improvement gdigiosmation
sharing empowers employees to understand actual versus planned peséregectations,
and work in process flow. Subsequently, uncovering problems and rootaralgsis ensures
that resources are focused on continuous improvement and that the measttefiethods for

performing tasks are leveraged in standard operating procedures.

Component Eleven — Point-of-Use-Storage

The significant correlations for component eleven were Point of &tseage and
negatively Quick Changeover. The eleventh component explained 3.3% ofatia@ce
observed in the data. This component seems to be primarily meaaarimgderlying factor
related to basic lean principle of point of use storage. The geaaftistoring materials, supplies,
and equipment at the point of use drives efficiencies when performing taskestingdy, point-
of-use-storage was found to be negatively correlated with quiclgebaear due to shifting from
one function to another which may be due to the amount of employee invalvesgaired to
develop strong point of use techniques and then a subsequent reluctahde @ssociates to

other activities to respond to changes in work flow. This may laés a result of increased
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training required to perform tasks as work stations become morglicatad when performing

tasks at the point of use.

Component Twelve — Inventory Strategy

The significant correlations for component twelve were Commaoditying and Order
Frequency. The twelfth component explained 2.9% of the variance othsertree data. This
component seems to be primarily measuring an underlying fadaiedeto the basic lean
principle of inventory strategy. Commaodity grouping organizes workirarehtory into similar
elements which increases the accuracy of predicting standhnda& elements and the time it
takes to complete work. Order frequency reduces the amount of wprkadess and inventory
required to cover up inefficiencies. Both commodity grouping and ordguéncy are key
elements of an inventory strategy in lean warehousing, and it isunptising that they are

correlated in a single component.

Component Thirteen — Employee Development

The significant correlations for component thirteen were Crogsifigaand Power
Distance. The thirteenth component explained 2.7% of the varianceethse the data. This
component seems to be primarily measuring an underlying fadaiedeto the basic lean
principle of employee development. Employee development considte ¢éan principles of
cross-training which enables single employees to perform pteultasks, and power distance
relates to the amount of time managers and supervisors focus on where the atodlislzeing

performed. The correlation of these two elements is not surpgsicg management needs to
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be involved in training employees, increasing employee empoweandrghifting resources to

respond to changing customer demand.

Component Fourteen— Workplace Organization

The significant correlations for component fourteen were Five $ia§eand Shadow
Boards, and Leveled Flow and Work. The fourteenth component expid% of the variance
observed in the data. This component seems to be primarily measheingderlying factor
related to the basic lean principle of workplace organization.kglere organization was a key
element in developing a visual workplace as discussed by Liker (20@d)important to
developing a lean warehouse. The lean practices of Five S amageignd shadow boards are
tools utilized to drive workplace organization. Similarly, levelemvfand work require the
development of visual controls, and workplace organization techniquegasecrthe

understanding of where there is work in process to level work flow.

Component Fifteen — Employee Retention

The significant correlations for component fifteen were Absesitgeilurnover, and
Layoffs. The fifteenth component explained 2.4% of the variance olobserve data. This
component seems to be primarily measuring an underlying fadaiedeto the basic lean
principle of employee retention. Employee retention was measaréghn warehousing by
measuring the absenteeism, turnover, and layoff rates in the omae=h sampled. This
component measures the importance placed on maintaining a positiverwodnment without
employee fear, job stress, or the displacement of associatgshermore, lean warehousing

invests more time and training in employees through cross-traama@mpowerment, making it
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more important to retain employees, thus creating processt&xpe problem solving and

building in quality.

Component Sixteen — Quality Systems

The significant correlations for component sixteen were Preveathtaintenance and
Quality Measurement Statistics. The sixteenth component exgpl@ri®o of the variance
observed in the data. This component seems to be primarily meaaarimgderlying factor
related to the basic lean principle of developing quality systeqnsality systems are developed
by quality measurement statistics and managed through the pratcpceventative maintenance
to drive increased up time of tools, equipment, and machinery. Thesy guslems enhance
the ability to identify additional opportunities for improvement andntaan process stability to

root cause errors and to prevent errors from occurring.

Component Seventeen — First-In-First-Out

The significant correlations for component seventeen were RHSir$t-Out (FIFO).
The seventeenth component explained 1.8% of the variance observed intahe Tas
component seems to be primarily measuring an underlying fadaiedeto the basic lean
principle of first-in-first-out. First-in-first-out is thee&n principle for managing material flow
and ensuring that material is processed in the same order in ihias planned through the use
of visual controls and techniques. When product is planned and processedwithi customer
demand in a FIFO manner, pull systems are sustained. Thipdastant in lean warehousing
since there are not physical barriers, such as a manufacliunengo ensure material flow is in

line with downstream customer requirements.
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Other Lean Practices

The lean practices not found to be significantly correlated in any of the yindefdctors
measuring lean warehousing were common processes and bestepracbmmunication
strategy, value stream mapping, lean tracking, Andon systems, suygbiyaterial management,
identification of problem parts, and work in process. These resuitetdoean that they are not
important lean practices, rather that there were other leatigesa measuring the underlying
independent factors. Furthermore, some of these practices mayasinpgortant in measuring
lean warehousing versus lean manufacturing, or may be more adVeacqatactices than were
observed in the data. Consequently, future iterations of the leaanmaplation assessment tool
would not require those evaluation items related to these leancpg@nsuring only significant
measures are included. Therefore, fifty of the fifty-eiglanieractices were found to be

significant for measuring lean warehousing factors.

Revised Lean Implementation Assessment Tool Structure

Based on the results from the factor analysis, a new structulean implementation
assessment in warehousing was derived and illustrated in TableOR8; five of the fifty
significant lean practices were found to be significantlyetated with more than one of the
factors, namely PDCA, travel distance, process control boards fleweand work, and quality
metrics. Consequently, the revised structure of the lean impletmentgssessment tool and
corresponding output could be revised to illustrate the progression @eubeteen significant
factors.

Furthermore, the revised structure could help with the developmerdimihy modules

to correspond to the seventeen factors outlining continuous improvement ananpsoblang,
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building in quality, pull systems, standardized processes, customagranbn, quality assurance,
people, inventory management, material flow, information sharing, pointisef storage,
inventory strategy, employee development, workplace organization, yepletention, quality
systems, and first in first out. Additionally, the lean impleragoh assessment tool output
would provide insight into the progression of each of the sevengetors and specific actions

for further growth and opportunities for improvement.
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Table 26: Lean Implementation Assessment Tool Factors and Practicesgins in red are in multiple factors)

Practice / Factor

Lean Practice

Lean Practice

Lean Practice

Lean Practice

Lean Practice

1 Continuous Improvement

(A3) One Page Reports

Management
Style

Kaizen Events

Systems View

PDCA

2 Building-in-Quality

Inspection & Autonomatio

n Technology & Equipment

Demand Stabilization

Safetiyrrgonomics

Cross-Docking

3 Pull Systems

Pull Systems

Kanban Systems

Cellular Structure

SPC

4 Standardized Processes Batch Sizes Standard Work Dispatches  Travel Distance Leveled Flow & Work Process ConBohrds

5 Customer Integration PDCA Visual Controls Loading and Unloading Supplier gregion -

6 Quality Assurance Cleanliness Inventory Integrity Quality Metrics Buot & Process Quality Metrics & KPI Boards
Teamwork & - .

7 People Empowerment Employee Recognition Leadership Roles - -

8 Inventory Management Velocity Slotting Layout & Zones Routing & Travehfhs Travel Distance -

9 Material Flow

Lead Time Tracking

Inventory Turns

10 Information Sharing

Process Control Boards]

SOPs

Employee Suggestiong

5 Why & Root Cause
Analysis

Error Proofing

11 Point-of-Use-Storage

Point-of-Use-Storage

Quick Changeover

12 Inventory Strategy

Commodity Grouping

Order Frequency

13 Employee Development

Cross-Training

Power Distance

14 Workplace Organization

Five S

Signage & Shadow Boar

Leveled Flow & Work

15 Employee Retention

Turnover, Layoffs, &
Absenteeism

16 Quality System

Preventative Maintenanc

Quality Metrics

17 FIFO

FIFO
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CHAPTER VII
CONCLUSIONS

Introduction
This research provided a common framework and identification methgd@odean

warehousing and the corresponding lean principles and lean pracficesn implementation
assessment tool was developed and validated using the comprehearsieedrk developed in
the literature review. The lean implementation assessmentwi®lapplied in twenty-eight
warehouses across the United States, Canada, and Europe collet¢ingndaproviding
actionable feedback to warehouses with regard to lean warehowsplementation. The
subsequent data analysis provided further insight into the underlyitggsfd®ing measured in
warehouses implementing lean warehousing and the significant faasssciated with
measuring lean warehousing. The statistical analysis prouideght into the applicability of
the lean practices, potential future research, and a pared dowturstrécr future lean
implementation assessments. This section outlines summariedl dhe key findings,
conclusions, and the corresponding implications on lean implementatissragse and lean

warehousing implementation in general.

Literature Review Findings
The literature review and analysis of the key lean authoraleye@ight lean principles
which were leveraged to organize the structure of the fifjiitdiean practices identified from

the literature. The structure developed from examining the lieaature and the theoretical
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framework of Ohno (1986), Shingo (1989), Womack, Jones, and Roos (1990), Womack and
Jones (1996), and Liker (2004) revealed the eight lean principlesnofastigzed work, people,
guality assurance, visual management, workplace organizationziog,smaterial flow, and
continuous improvement. Fifty-eight corresponding lean practicese wentified from the
literature review and were stratified into the eight lean principlesug aipplicability to provide

the structure for the lean implementation assessment tool. A syrofrie structure developed

can be seen in CHAPTER Il, Table 3. The detailed frameworklame: from the literature
operationalized the lean principles and lean practices for theopeveht of the implementation
assessment tool. Furthermore, the literature review provided thedoé&gy for conducting the

research outlining the required steps.

Lean Implementation Assessment Tool Development

A lean implementation assessment tool was developed using tbeugrdeveloped in
the literature review which can be seen in CHAPTER I, T&bleThe lean implementation
assessment tool operationalized the structure of the eight leaipl@s and stratified fifty-eight
lean practices by developing multiple, specific evaluation pdanteach of the fifty-eight lean
practices. The evaluation points developed were a mix of nominal, lprdimé interval
measures designed to measure the implementation levels of aagbrdetice corresponding to
the lean constructs identified.

Consequently, the lean implementation assessment tool was camgriseo-hundred-
eight individual evaluation points which were assessed for six keyidonscidentified in
warehousing operations. The six key major functional areas dpplicéthin each warehouse

were inbound operations, outbound operations, inventory control, material retunesalge
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facility operations, and warehouse office functions. The corresposdorgs and totals were
tabulated into various graphs by total, lean construct, lean prin@pte function to provide

graphical representation and identification of opportunities andgihe for feedback and data
collection. The intent of the lean implementation assessment &m®ltavprovide useful and

specific ideas for further lean warehousing implementation in industry.

Data Collection

The lean implementation assessments were completed in tweatydifferent
warehouses with twenty-eight samples across the United STateada, and Europe within the
Menlo Worldwide organization throughout the calendar year of 2007. Thehwowses
examined had various exposures and implementation levels of leehonamng principles and
practices with varying degrees of success. The eight l@astracts, fifty-eight lean practices,
and two-hundred-eight individual evaluation points were examined for edlh applicable six
functional areas during each of the twenty-eight lean implementation ass¢ssonducted.

The data collected resulted in 9,744 individual evaluation points, 1,624 cdnhgdle
practice scores, and 224 overall construct scores for the twehtylean implementation
assessments completed. The assessments were complatdivioyal assessors and groups of
assessors each with the participation of warehouse managergotedmators, and relevant
associates. The impact of assessor and inter-rater agreesms not found to be significant, but
the lean implementation assessment tool was found to be applicaids aarehouse industries,
technologies, and geographical regions. Consequently, different aasseks not drive
statistically significantly different results in assesstaeensuring the lean implementation

assessment tool can be used accurately by different assessors and provade sesults.
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Tool Validity

The lean implementation assessment tool development and struattoveedl the types
of validity outlined in Babbie (2004). Face, criterion, construct, and conaidity were
addressed in the identification of the eight lean constructs ayekiftfht lean practices and
operationalization into the two-hundred-eight evaluation items. An exmerel of lean
warehousing professionals was leveraged to further examineathénhplementation assessment
tool validity and gather feedback from usage and implementatidredeedback from the lean
implementation assessment tool. The validity was analyzed bgximert panel and through
statistical analysis to ensure the actual lean implementasggssment tool output measured the
intended lean constructs and lean practices.

The output was found to be consistent with subjective analysis dgaheexpert panel
and the effect of the assessor was not found to be statiss@aiificant. These results confirm
the methodology and validity for developing the lean implementatioesss®nt tool, the
operationalization of the lean constructs and lean practices, andttheallaction practices

measured the intended concepts associated with lean warehousing.

Statistical Analysis

The statistical analysis examined the descriptive statistiz Range, Minimum,
Maximum, Mean, Standard Deviation, Variance, Skewness, and Kudtaistics for each of
the lean practices developed and corresponding evaluation points. tdh&eda checked for
normality, correlation, and interdependency before conducting facialysis as described by
Johnson (1998). Finally, factor analysis was performed for sixi@etiors and seventeen

significant factors and the corresponding outputs examined includirgctiee Plot, QQ-Plots,
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Principal Components Analysis, and Rotated Components Matrix. Ifauvas that seventeen
significant factors best described the data collected and wéseguently used for drawing

conclusions and making inferences about lean warehousing.

Results

Various numbers of underlying factors were examined in detailjtands found that
seventeen underlying factors best described the variance obsereddata and fit the data.
From the Factor Analysis, there were seventeen significartbréa observed in the data
measuring lean warehousing related to continuous improvement and problem solving, building
guality, pull systems, standardized processes, customer integratioiy gsalirance, people,
inventory management, material flow, information sharing, point of siseage, inventory
strategy, employee development, workplace organization, employsgioat quality systems,
and first in first out.

Furthermore, the lean practices for each of the underlyingréaevere found to be
significant based on the significant correlation coefficienesagr than 0.5 for each of the
significant factors. The significant lean practices wererdégned by examining the rotated
component matrix for the model with seventeen significant underfgictgrs and provided the
corresponding framework to interpret the results, draw conclusionsmakd inferences for

future research.

What Tools When???
The framework presented in this research provides insight inteetrenteen underlying

factors describing the variance in the data from the twenty-digdut implementation
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assessments conducted. This framework provides additional insightbeénbmportance of the
progression of lean warehousing implementation for training and subsedeant
implementation assessments. The seventeen significant undddgiogs determined are a key
finding of this research and provide the framework for analyzing the results)graiclusions,
and driving future research in lean warehousing.

Consequently, from the Factor Analysis, the seventeen significaotdabserved in the
data measuring lean warehousing related to continuous improvemergrasidm solving,
building in quality, pull systems, standardized processes, custonmgnaima, quality assurance,
people, inventory management, material flow, information sharing, pointisef storage,
inventory strategy, employee development, workplace organization, yepletention, quality
systems, and first in first out. Subsequently, training and implatemttechniques could
leverage these seventeen factors and importance be placed on pradtians corresponding to
their significance.

The most significant factor found for assessing lean warehousas) related to
continuous improvement and problem solving, which correlated most sigtljica (A3) One
Page Reports, Management Style, Kaizen Events, Systems ViewPlaneéDo-Check-Act
(PDCA). Thus, these lean practices were found to be fundamentaiptementing lean
warehousing principles, and a corresponding importance should be placethomhée training
managers, supervisors, and associates. This indicates thatrdbessp of continuous
improvement and problem solving through engaging employees is maoiécaigt than the
other specific lean practices. The continuous improvement and prgblemg factor outlines
the underlying philosophy and methodology for applying the other leatigg® Furthermore,

continuous improvement and problem solving techniques were specifidaihtified as a
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fundamental principle of lean manufacturing by all five authors, ObA86), Shingo (1989),
Womack et al. (1990), Womack and Jones (1996), and Liker (2004), as seenanlTiabl
CHAPTER L.

Additionally, only five of the fifty significant lean practicewere found to be
significantly correlated with more than one of the factors, naPBI@A, travel distance, process
control boards, level flow and work, and quality metrics. These resuitfem the importance
of these lean practices in more than one of the underlying $aamak that their evaluation points
may be measuring more than one underlying factor. Consequenthgegquent lean
implementation assessment tool development should take these masulisdount and try to
isolate the evaluation points to the underlying factors or to developnig and implementation
techniques for the lean practices specifically related to each of the ungéalgtors.

The lean practices not found to be significantly correlated in any of the yindddctors
measuring lean warehousing were common processes and bestepracbmmunication
strategy, value stream mapping, lean tracking, Andon systems, suygbiyaterial management,
identification of problem parts, and work in process. These lesotiges may be higher level
lean concepts that were either not yet being leveraged as idtenttee warehouses examined,
measured as intended by the lean implementation assessment toat significant practices in
lean warehousing. Consequently, the results examined in detail foainchost of these lean
practices were being used in many of the warehouses exammdeara a significant part of
implementing lean warehousing at the organizations examined.

For example, value stream mapping is conducted as an instrumemtaprkctice in
developing the continuous improvement plans for all the warehouses edaatinglenlo

Worldwide. It may be that these lean practices were eqlealdraged and consequently not
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significant for explaining the variance in the data, but are impditamt a planning and strategy
deployment perspective. Additional research would need to be condaatetermine whether

or not these lean practices should be measured and are leveraged similady arganizations.

Conclusions

In conclusion, after examining the literature, developing the legplementation
assessment tool, collecting data, and performing statistichlsenat was found that the most
significant factor related to measuring lean warehousing weasincious improvement and
problem solving. This key underlying factor was highly correlédetthe lean practices of (A3)
One Page Reports, Management Style, Kaizen Events, Sysiemsand Plan-Do-Check-Act
(PDCA) which are fundamental practices of lean warehousing.

It is not surprising that these are the most significant peacatices since (A3) One Page
Reports provide formal documentation and structure for facilitatingcandnunicating Kaizen
Events in the Plan-Do-Check-Act (PDCA) methodology. Furthermosmagement Style and
Systems View are related to these lean practices by uadeirsy how the different functions
and pieces fit together, while engaging employees from diffefunctions in continuous
improvement activities. The lean warehousing philosophy is fundaryeatadut continuous
improvement and getting people involved in driving continuous improvement, thieilether
lean practices, tools, and techniques are specific methods forgdowirspecific wastes as they
are observed.

Consequently, it follows that building in quality, pull systems, stangegdprocesses,
customer integration, and the other underlying factors measurarg M@arehousing would

explain less of the variance observed in the data. Thereforeathimgrand implementation
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strategy should be tailored to match the amount of variance explaneach of the underlying
factors and corresponding lean practices in the same progre3simapproach would provide
a foundation and structure for continuous improvement to occur and then build upwiithiha
more specific tools and techniques to eliminate waste by buildirguality, developing pull
systems, and the like. The approach would leverage the lean philosophgm@tide application
of the specific tools based on specific business requirements, eustowolvement, and

prioritization developed in the continuous improvement plan for each facility.

Research Questions

The main research question in this dissertation was to detewhiale underlying factors
were sufficient for assessing lean manufacturing implementatid usage in traditional, manual
warehousing environments. This was done through the operationalizattmn lefin constructs
and lean practices identified in the literature and the subseqeeetogdment of the lean
implementation assessment tool and evaluation points, then applyingothi@ twenty-eight
warehouses.

Furthermore, the data gathered from the application of the iegrlementation
assessment tool allowed for detailed multivariate statisticalysis, which identified seventeen
underlying and interrelated factors significant for measurig lprinciples and practices in
warehousing. The comprehensive list of lean principles and corresgotedin practices
identified from the literature was then pared down based on multeatatistical analysis and
the resultant list compared to the comprehensive list. Furthertherdata analysis conducted
addressed any differences in means between assessors angactyan potentially subjective

evaluation points on the overall assessment of facility lean ingpitrtion and usage and found
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not to be significant. The comprehensive approach taken ensurebghean implementation
assessment tool provided valid and reliable output for analysis amhaddé output for
managers implementing lean in their warehouses.

The intent of this research was not only to develop a lean imptatie assessment tool
and better understand lean principles and practices, but to provide asgfuk for lean
warehousing implementation in practice. The specific identiicadf lean principles, lean
practices, and evaluation points provide the input for actionable output andtandarg of
implementation progress and a method for comparison between facilitarthermore, the
statistical analysis provided additional insight into the traiming implementation strategies that

should be employed for implementing lean warehousing.

Implications

The main implication from this research is that the spedtmls applied in lean
warehousing are not as significant as providing the programagapi®ach to problem solving
and continuous improvement inherent in the lean principles. Consequentiypshsignificant
factors in measuring lean warehousing are developing a continuousvenmnt plan,
conducting continuous improvement activities (Kaizen events), and gettopjepengaged in
the continuous improvement process. The other lean principles and letweprean be applied
in subsequent continuous improvement activities as wastes are identified aridgaibased on
the specific circumstances inherent in each facility.

These results follow the observations from the application of theifeplementation
assessment tool in practice since some warehouses excetiguleahenting standardized work,

while others did well in visual management, or various combinatibtise lean principles and

180



lean practices. The various combinations of successful implenoentditihe lean principles and
lean practices all did have a common theme, a programmati®ampprto continuous
improvement and problem solving. This programmatic approach observedglevdhe five
significant lean practices identified from the factor analyé¥3) One Page Reports,
Management Style, Kaizen Events, Systems View, and PlankHeokcAct (PDCA).

Subsequently, it is the continuous improvement and problem solving approach ttt&imost

significant underlying factor for implementing lean warehousing, nestessarily one of the

specific lean tools.

Future Research
This research has provided the framework for the development of d-qmsm and

updated lean implementation assessment tool operationalized intoséimées@ factor structure
identified through the multivariate analysis. The results of thisre analysis would be
communicated and incorporated into further development of lean impleropnéaisessment
tools, warehouse continuous improvement plans, and lean implementationgiedrate
Furthermore, incorporating additional applications and providing feedbmckarehousing
managers implementing lean principles and lean practices overwith provide additional
insight into the progression of lean warehousing implementation. Addily, the training
programs developed for lean warehousing implementation can levérege results and be
structured accordingly. The efficacy of the results and apilicacan be compared to future
lean implementation assessment scores, comparisons, and datas aoalystermine if the

conclusions found in this research remain valid or if continuous improvement is required.
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Additionally, there are numerous other non-traditional industries begitmimgplement
lean principles and lean practices outside of manufacturing thaireethe same detailed
analysis and corresponding feedback as developed in this analyspaanded by the lean
implementation assessment tool. Many office functions are ingoleng lean manufacturing
principles, such as transportation management services, and inforretiomology services.
The same questions need to be answered for these industrieshtiineudevelopment of a
comprehensive analysis of the lean principles and practices adéwampment of an industry
specific lean implementation assessment tool that provides actopakput for managers
implementing lean. Any subsequent statistical analysis pral/ide direction identifying the
underlying factors, applicable lean practices, and implications for lgalenmentation strategies.

This analysis provides the framework, methodology, and analysis to cofuduict
research in lean warehousing and in other industries implemerdimgnianufacturing principles
and concepts. Specific lean principles and lean practices canptemented and developed
following a similar approach of continuous improvement and problem solmoggh engaging
the people doing the work with similar success. The identificabiobest practices and
communicating the progress to management over time will provider heformation for
making resource allocations and decisions about the success ofathdniplementation

initiatives.
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APPENDIX A:
LEAN IMPLEMENTATION ASSESSMENT TOOL

Following are the details for the two-hundred eight evaluation poivslajeed for the
fifty-eight lean practices and eight lean constructs idedtifiethis research. Furthermore, the
following outlines the purpose, methodology, and location for measuring iedchdual
evaluation point for all of the lean constructs and lean practieesified. This information is to
help the assessor to perform the lean assessment and provide dddisaida to facility
personnel when implementing the various lean principles and practicdbe lean
implementation assessment tool used in this research was cahipletsach of the items in a
Microsoft Excel workbook and scoring tabulated for each.

Each of the lean constructs and lean practices were assessdidtie major functional
areas identified within a warehouse, namely inbound operations, outboundomgeliaientory
control, material returns, general facility operations, ancekarse office functions. The lean
implementation assessment tool evaluation items developed requingsktbéa combination of
nominal, ordinal, and interval measurement items, scaled to iderdgifis levels of
implementation of the various lean constructs within the differeaititfafunctions. This
methodology was followed for each of the twenty eight lean impletient assessments

conducted for this research and the corresponding feedback summarized for ehclusear
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Standardized Processes:

193

ltem Evaluation Point Purpose Methodology Where?
Are there current SOPs for each Verify existence of
major operation/process in each | To create documented | SOPs posted, in books
function? (0 3 standard processes for| files, etc.
No, there aren't current/existing all operators to perform| Confirm current
Exist SOPs.) each operation with the| processes match SOPSg Floor
(1 = Yes, there are some current | same best method with| by evaluating audit
SOPs created for some major minimal process information, process
processes.) variation facilitating observation, and
(2 = Yes, there are current SOPs | process improvement. | discussion with
created for all major processes.) personnel.
Are there current SOPs posted for
each major operation/process in To provide visual Co
. A . Look in individual areag
each function? direction and reminders .
_ - for posted SOPs in
(0 = No, there are not existing to workers about the —
Posted . general vicinity where Floor
and/or current SOPs posted.) proper work practices X i
_ the operations are bein
(1 = Yes, there are current SOPs | and processes to be
) performed.
posted for each of the major performed.
processes.)
Are there regular SOP audits
conducted of each major operation| To ensure operators are View supervisor or SOR
in each function, particularly key | following SOPs, that auditor documentation,
workers and processes. SOPs are current, results, pareto analysis
(0 = No, SOP audits are not operators are trained | of problems. Verify
«» | Audit conducted..) properly, facilitate audits are performed Floor
% (1 = Yes, some SOP audits are continuous regularly through
) conducted.) improvement, identify | conversations with
(2 = Yes, many SOP audits are best practices, & manager, supervisor,
conducted regularly & results validate effectiveness. | and employees.
documented, monthly.)
What level of worker/team Involving operators in
lead/supervisor participation is thereSOP development
in creating the SOPs? encourages continuous| Verify authorship of
(0 =None) (1 = Developed improvement, SOPs, through
Development Externally) 2= empowers workers to | documentation and Floor
P Internal Facility Coordinator) make decisions about | communication with
(3 = Individual Area Supervisor) work practices, manager, supervisors,
(4 = Supervisor & Team Lead) enhances process and workers.
(5 = Management, Team Lead, & | ownership, and idea
Workers) sharing.
Do the SOPs address exception . .
rocesses, priority processes, and Ur_uq_ue, exception .
p = ! priority, and other Verify SOPs address
other activities? S ; 2
= activities need to be unique activities,
. (0 = No, SOPs are not developed . .
Exceptions, . addressed in SOPs to | through documentation
o and/or do not address exceptions, L
Priorities, P ensure workers and communication Floor
priorities, etc.) .
etc. - understand what the with manager,
(1 = Yes, SOPs address some . ;
X _ processes are associateédupervisors, and
exceptions.) 2= . i
.| with handling those workers.
Yes, SOPs address most exceptio 'S4 ctiviti
> : S ctivities.
priority, and other unique activities
SOPs



Item Evaluation Point Purpose Methodology Where?
Are there stan(_jard|zed work . | Standardized work units
dispatches, units, etc. for each major . . .
f . determine process pace|Verify by examining
unction process? e . . N
= - . timing expectations, visual management tools,
(0 = No, there is not standardized
. enhances process process control boards,
Exist work.) . . Floor
_ . {understanding of dispatch boards,
(1 = Yes, there are some standardized -, = . : .
. ) variability and stability, |planning, etc. in each
work units, etc. for major processes llows planning. trackindarea
(2 = Yes, there are standardized wq ﬁel&c P 9 garea.
units, etc. for all major processes.) '
What are the standardized work unitSmaller standardized
plannedcycle lengths? (0 = None) [work cycle lengths Verify through visual
(1 = >60 Minutes) increase process management tools,
Cycle Lengths|(2 = 30 -60 Minutes) resolution, bring process control boards, | Floor

Dispatch Sizeg

(3 = 20 - 30 Minutes) problems to surface dispatch quantities, etc. |in
(4 =15 -20 Minutes) quicker, reduce batch |each area.

(5 = < 15 Minutes) sizes, queuing, and WIP}.

How were the dispatch sizes

determined? (0 = There is not Balancing dispatch sizegDiscuss dispatch creatian

standardized work units determined
for processes.)
(1 = Using a "rule of thumb"

with worker travel and
process resolution,
accuracy, etc. minimizeg

process with process
improvement coordinatar,
manager, supervisor, andOffice or

(o))
c
c
C
<
o
a"’; methodology.) wastes due to WIP, workers. Examine Floor
5 (2 = Balancing operator travel, inventory, variation, documentation and
5] process resolution & accuracy, and|travel time, batching, analysis for determining
.‘é’ unit of time accountability & queue time, etc. unit size.
. planning.)
E Are the daily work activities planneg . .
3 ) - . Planning the daily work
> using the standardized work units, .
I8} i - . |based on standardized
ispatches, setting targets & trackln%V L . .
< ork units increases Verify through visual
o . progress, etc.? L T
= Daily Work (0 = No, the daily activities are not visibility for determining | management tools,
5 Planned by Vo ; individual, departmental|process control boards, | Floor
o . planned using the standardized work ; )
N Dispatches dispatches.) and functional status work dispatch processes,
B E ) . i versus expectations, etc. in each area.
a (1 = Yes, the daily activities are )
S . ' manpower adjustments,
= planned using the standardized wonl§3tC
B dispatches.) '
Are the daily work activities planneg
to balance manpower and work flowTo balance and plan the . .
) L . Verify through visual
between processes/operations in eaphogression of work flow
L . management tools,
Work Flow function? . o sgquentlally from process control boards
Planned for (0 = No, the daily work activities are dispatch, travel, return, manpbower blanning in ! Floor
not planned for the day within each |etc. for the individual P P 9
Day . . {each area of the work and
function.) processes in each functi manpower plannin
(1 = Yes, the daily work activities arghroughout the dis gtchin petc 9
planned for the day within each warehouse. P g, ete.
function.)
Are the daily work activities balancegd
between each area, leveling the flo v . Verify through visual
o plan start time, end
between processes, workers, areas|,.. management tools,
n time, balanced flow,
Work Flow etc. . - activities, manpower, etd process control bpards,
(0 = No, daily work activities aren't T " ““Tmanpower planning
Leveled |for each individual Floor
Between Aread leveled between processes, Worker’Operation & process to betwgen areas and
& areas.) . |functions of the work and
- . L balance the flow within h
(1 = Yes, daily work activities are - : manpower planning,
|the entire function. . ;
leveled between processes, workers, dispatching, etc.
& areas.)
Item Evaluation Point Purpose Methodology Where?
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Are the standardized work units
delineated by commaodity or work
type groupings?

(0 = No, the standardized work unit

The variation in
expectations and
| differences among work

Work unit delineations
can be seen from
manpower planning,

5
_Work are not delineated by similar work units types can be . process control boards,
Delineated by types.) minimized by grouping |dispatch boards, etc. Floor
o Commodity (1 = Yes, some work units are similar work .unlt types baged on varlgtllc?n in
£ grouped.) and developing daily work activities and
= - : . c8rrespond|ng standardsseparation of similar
o (2 = Yes, most work units are groupg :
3 . or the work units. work.
by type of work, commodity, etc.)
-_%‘ Are there separate standard time um'ge arate standards for ﬂyé/ork unit delineations
g expectations for the corresponding diffzrent work unit tvpes | €20 be seen from
S Standards separate standardized work unit increase plannin yp manpower planning,
8 Develoned for delineations? accurac F;nd 9 process control boards,
Diffefent (0 = No, there are not separate nderst;/ndin in the dispatch boards, etc. Floor
Commodities standards for the different types wo gariation of dgil work based on variation in
units.) ctivities and m);n ower daily work activities and
(1 = Yes, there are separate standarr%es Uirements P separation of similar
for the different types work units.) 4 ) work.
Commodity Grouping |
Are best practices identified for Verify best practices exist
common functions and processes P i
- . . | The use of common for common processes,
within each work area, i.e. exception ; =
. . |processes encourages |the identification
o processes, follow-up items, special .
Identified . . each function to use the|methodology, Floor
actions, supplies, etc.? . 9
_ : best possible method fof communication
(0 = No, best practices are not . d d
identified.) any given process. groce ures, an
(1 = Yes, best practices are identified.) ocumentation.
Are best practices followed and Cross-check SOPs
reflected in the all the pertinent SOP|§0”0Win the best between functions for
for each area? ractice gan d reflecting it|COMmMon processes and
4 Followed & |(0 = No, best practices are not ﬁ1 the SOP ensures tﬁe verify best practice is Floor
£ SOPs identified, followed, or reflected in th Best method is bein being utilized by workers
E SOPs.) . . .. |ytilized for each progess through (_)bsc_ervati_on and
9: (1 = Yes, best practices are identifig (l']' ‘communication with
@ followed, and reflected in the SOPs)) supervisors and workersg.
g Are best practices regularly discussed
» and shared internally between o Discuss the methodology
3 - Communicating best .
a functions? ractices within the for determining and
o (0 = No, best practices are not ?acilit enhances sharing best practices
<] identified.) Y : within the facility with '
a Shared _ . continuous improvemen : Office or
(1 = Yes, some best practices are |. - . manager, Supervisors,
c Internally . ) in all areas, increasing - Floor
o) discussed informally by the managet -+ trom all functions workers, meeting
£ Or supervisors. P . ' |frequency, and best
S P . and reducing overall quency .
8 (2 = Yes, all best practices are waste in the facilit practice analysis
formally captured by the manager or Y. procedures.
supervisors.)
Are best practices regglla.rly shared Discuss the sharing
externally between facilities & rocess between
operations? Communicating best Facilities the
0 = No, best practices are not ractices across facilities '
P P methodology for
Shared discussed.) enhances continuous determiningybest
Externall (1 = Yes, some best practices are |improvement throughout ractices gtc with Office
Y |discussed informally, externally the organization, reducin ana er’s and
between facilities.) overall waste, shared 9 .
- . . : supervisors, the meeting
(2 = Yes, all best practices are ideas, learnings, etc. f
. requency, and best
formally discussed externally between ) .
o practice analysis.
facilities.)
Item Evaluation Point Purpose Methodology Where?
£ o Trailer Are trailers received pre-sorted, pret  Standardieediving Determine if inbound Dock
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(1 = Yes, customer delivery routes amgventory requirements,

set up using a "milk run" methodolo
for frequent delivery, leveling facility

pnd balancing batching
and queuing.

facility.

demand.)

Receiving |staged, etc. to match inbound trailers allows for material is presorted to
processes? predictability in receiving specifications
(0 = No, trailers are not ported.) [unloading processes, |to minimize handling, et
(1 = <20%, Seldom) (2 = 20%-40%,decreasing variation in |of receiving material.
Occasionally) (3 =40% - 60%, Abguimes, and enhancing
Half) (4 = 60% -80%, Usually) planning functions.
(5 = >80%, Always)
Are trailers shipped pre-sorted, pre- . I
staged, etc. to match downstream Staging gnd shlpplng L
5 standardized trailers Determine if outbound
processes? o X : )
. — . minimizes handling at thlispatches are organized
Trailer (0=No, trailers are not prbrted.) shipping dock and based on shipping staging Dock
Shipping  |(1 = <20%, Seldom) (2 = 20%-40%> "'PP'NY ' Shipping staging
. _ r{educes downstream and loading requirements
Occasionally) (3 =40% - 60%, Abo andling, etc. for the to minimize handling, et¢
Half) (4 = 60% 80%, Usually) |50 9" € 9. ¢
(5 = >80%, Always) '
Trailer Loading & Unloading |
Are the picking and put-away travel . T
. Leveraging similarities
paths determined by part type S
. ; : L among parts reduces theDetermine if the
. delineations, commodity , similar o : .
Facility Travel amount of variation dispatching and put-awgy
work types, etc.? L L
Paths 0= No. simil ok i d within standard work procedures group similar IC &
Determined by (0 = No, similar wok Is not grouped. units and daily work work types automatically Floor
(1 = Yes, some similar work is S . .
Type rouped.) activities, by grouping |or manually during
9 _ ’ - similar work types sortation procedures.
(2 = Yes, most similar work types a ¢
. |Together.
grouped for routing, travel paths, et,.S)
Are the picking and put-away travel _ Determine if routing and
" paths leveraged by movement and |Leveraging work
@ ; e travel paths use
= sales velocity to minimize travel movement and sales ; .
© - ; . . serpentine calculations to
a |Facility Travel |distances/frequencies? velocity of parts reduces
- - . ! account for movement
o Paths (0 = No, the routing and travel pathstravel time to warehouse L IC &
> . . . : .~ land volume to minimize
@ | Determined by|static regardless of movement & saléscations by having high - . Floor
= ) . ) travel distances and if
- Velocity velocity.) volume & traffic parts inventorv locations are
(1 = Yes, the routing and travel path$ocated near final ry loca
oy S - dynamic with item
= dynamic with movement & sales |destinations. ;
= . velocity.
3 velocity.)
x Are delivery routes for customers set
up on "milk runs" for daily, frequent|"Milk run" delivery
delivery? systems allows for
Customer (0 = No, customer delivery routes arenaximum responsivenesgxamine customer
Deliver static and/or are not frequent delivefto customers for frequentdelivery frequency and | Floor &
Routeg runs.) order delivery, reducing |patterns used for the Office

Routing & Travel Paths
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People:

(1 = Four Incidents) (2 = Three
Incidents)

(3 = Two Incidents) (4 = One
Incident)

enforced consistently b
employees, supervisorg
and management.

(5 = No Incidents)

yfrequencies.

Py

Item Evaluation Point Purpose Methodology Where?
, Providing an avenue fof g 1o through facility
Employee's have a formal aven employees to share or departmental safet
to openly voice, share, and concerns regarding teamg oraanized Firs){
regularly address safety concerfsafety allows for Res c;n dgr Teams with Office
at the facility. increased visibility to re uFI)ar meetings. Cross-
(0 = No, Not Present.) potential problems and fur?ctional parti%i;;ation to
(1 = Yes, Captured.) prevent potential capture specific concerns
incidents. ’
Employee safety is addressed |Maintaining a safe worlk
formally by supervision and environment is Observed in mornin
management in meetings. fundamental to the meetings by evaluatgor
Safety Practices, Sl) = Not Addressed) (1 = Overglverall goals of informal discussions with | Office &
Processes. & onthly) (2 = Overall Bi- respecting people, .
, e I ; supervisors and workers, | Floor
Procedures Monthly) maintaining integrity, ;
. and management planning
" (3 = Departmentally Weekly) |continuous activities b
Q (4 = Departmentally BiWeekly) |improvement, and '
g (5 = Departmentally Daily) making overall progress.
S Safety concerns are addressed
o i -
| tlmely manner by a cross lllustration that Captured with meeting
- functional, integrated team of o d f L
employees, supervision, and supervision an requency, action items .
% mana emént 0= Nevér) (1= management take safeffrom meeting minutes, and Office &
© Seldo?n) T “lconcerns seriously and| resolution times observed| Floor
o - . _ adequately address  |from action item outcomeg
= Occasionally) (3 = Half the roblems as they arise]of safety meetings
Time) @=|P y ansé; y gs.
Usually) (5 = Always)
Safe work practices are followed
consistently. The number of lost
work days and recordables duriffBmployee actions are
the last year: consistent with safe Observed through
(0 = >Five Incidents/Not Visuallywork practices, adhere jrecordable injuri?es and lodtOffice &
Recordables | Tracked) to consistently, and work time data occurrence  Floor

Safety & Ergonomics
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Item Evaluation Point Purpose Methodology Where?
Was the lean change initiative
originated within the facility or |Having an internal leah
driven externally. (0 5 champion and advocatg) .
) . o o bserve and question who Lean
No, the lean implementation within the facility . L .
L e dictates and initiates lean | Tracking
initiative is driven by an external|ensures constancy of h h b d d
champion.) purpose and sustainin ¢ .angeSt at_a_lre to be madérea an
= : . . Suithin the facility. Floor
(1 = Yes, the lean implementatigreffort for
initiative is driven by an internal |improvements.
Leadership  |champion.)
Direction and N The dissemination of
.. |What organizational levels
Change Initiation | _ . - the lean
originated, supported, and have implementation Observed through level off
advocated the lean implementat ?rrlllt?ative throuahout involvement and Lean
initiative in the facility? (= the or anizatic?n participation in lean Trackin
None) (1 = Corporate Directive) 9 activities and training, and 9
_ - _ encourages A . . Area and
(2 = Facility Manager) (3 articipation from all who initiates/involved in Floor
Supervisors) (4 = Facility P P . . |lean support for projects
. employees, illustrating .
Manager & Supervisors) the importance and and improvements.
(5 = Management and Associate§gng_t(frm focus
o The sense of urgency and
R understanding of need to .
o . Implementing Lean . o
14 implement lean. fincioles has to be a Observation of facility
S (0 =None) (1 = Very Little, P P o dynamics, personnel Lean
= _ |important objective for : . .
3] Manager) 2= . responsible for project Tracking
£ Urgency Little, Some Supervisors) the personnel involves action items, informal Area and
e (3 = Somewhat, All Supervisors) for successfgl discussion with employees, Floor
2 _ implementation and -
< (4 = To A Great Extent, Team containment supervisors, and manager|.
= Leads) 8= '
[}
B Completely, Employees)
e . . . | Cross-functional and
Lean implementation activities a & ulti-level
conducted, orchestrated, involvement
participated in by what
izational level in the facility ENcOUrages all b ho facili d
Leadership Roles organizational level in the facility| employees to (0] serve who facilitates ard Lean
and Change (0 = None) (1 = Corporate) articinate in participates in Kaizen Tracking
Partici ati(?n (2 = Facility Manager) (3 = Eontinﬂous events and other change orArea and
P Supervisors) improvement activities improvement activities. Floor
(4 = Facility Manager & foviding addtional |
Supervisors) 5 D g ac
. ideas, solutions, and
Management and Associates)
feedback.
Percent of The percent of continuous
Continuous improvement activities initiated hyVorker involvement ig Observed through formally Office,
Improvement workers. (0 =|important to sustainingdocumented suggestions,| Lean
Ectivities None) (1 =<10%) (2 =10% - |improvements and suggestion process, and th&racking
Initiated b 20%) empowering the corresponding implementedArea, or
Workersy (3 =20% - 30%) (4 = 30%40%)|workforce. suggestions. Floor
(5 = >40%)

Leadership Direction/Roles
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Jand increases buy in.

Management and Associates)

Item Evaluation Point Purpose Methodology Where?
Feedback and concerns are
encouraged and included before
making changes and taking Input, feedback, and |Observed through Kaizen
actions. (0 =None) (1 =Very |concerns are valued |and change project
Little, Manager) (2 = Little, from all levels of the |participation, who the lean
Autocratic or | Supervisor Involved) organization increasingchampions and change Office &
Democratic  |(3 = Somewhat, Team Lead employee buy-in and |project item owners, and Floor
Involved) (4l=incovering potential | subjectively in informal
To A Great Extent, Many problems/concerns discussions with manager
Employees) before implementation|supervisor, and employees.
(5 = Completely, All Affected
Employees)
Employees, Supervisors, and |The current state,
Managers are encouraged to trybarriers and roadblocks. , . .
. : - Subjective assessment of
improvement ideas, to encourag#® continuous i
. - L - organizational fear and
innovation and creativity to enrichmprovement are limitati
. , 7 . imitations present for )
. job responsibilities. (0 = Forma|constantly being S Office &
Bureaucratic _ _ . individuals to openly try
o (1 = Verbal Corporate) (2 = challenged in a fear-frge . . Floor
= . . improvement ideas withoyt
2 Manager) environment with .
) ~ . _ - formal documentation and
- (3 = Supervisor) (4 = Team creative problem- e s
c do g . Justlflcatlon, within reason
@ Lead) (5 Fsolving, innovation, an
% Individual Authority) minimal bureaucracy.
c" . . .
@ The organizational level mvolvec'vI .
P . - " : anager, supervisor,
5 in determining facility, function, Gathered from lean plan
= and employee )
Improvement and department goals. articipation in progress, tracking, and
Ggal Settin (0= None) (1= Corporate) getern?inin facilit action item owners. Office &
9 (2 = Facility Manager) (3 = 9 y Verified through informal
Process & . goals empowers - . Floor
Supervisors) conversations with
Support T - employees, enhances .
(4 = Facility Manager & X .. |lemployees, supervisors, g
. achievement feasibility
Supervisors) B= . 'managers.
. and increases buy in.
Management and Associates)
The organizational level involvec'vI .
S A anager, supervisor,
in identifying improvement
o ! o and employee Gathered from lean plan
activities to achieve facility, BN .
. participation in progress, tracking, and
. function, and department goals. L . 2
Goal Attainment _ _ determining facility action item owners. )
(0 =None) (1 = Corporate) . - : Office &
Process & _ - I goal attainment procesd/erified through informal
(2 = Facility Manager) (3 = - . Floor
Support Supervisors) further empowers ~ |conversations with _
(4 = Facility Manager & employees, enhar_1c_|r_19 employees, supervisors, g
) achievement feasibility,managers.
Supervisors) G

Management Style
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Item

Evaluation Point

Purpose

Methodology

Where?

Are employee functional job
training activities visual tracked
with a cross-training matrix? (0

Visual Management of
Cross-Training allows
management to assess

Existence of Cros3raining
Matrix Boards for function
'updated monthly. Randon

12}

=]

exist.)
(1 = An autonomous problem-

and enhance worker b
in.

solving team structure exists.)

Ne solved at the operator
team lead level.

Crosl\\ji-a'[rriimlng No, Cross-training are not track % aﬁlccéyfoeg\t,)g:tlffoswa;? demployees informally aske Fé%?;rgt
and/or not current.) ?nan ower plan within about cross-training
(1 = Yes, Cross-training activitiesa nd Eetwee% each activities to ensure board |s
are tracked and current.) function in the facility accurate and current.
What percentage of employees
have been cross-trained to
o perform additional functions Encourages manpowe
g Workers Cross- |within of their primary function?|planning, analysis, and Information captured from Floor at
‘T Trained Within |(0 = None) (1 =<20%) (2 = 20pgharing to level work |Cross-Training Matrix Board
— Functions - 40%) flow within each Board in each department.
a (3=40% - 60%) (4=60%- |functional area.
8 80%)
(5 = >80%)
What percentage of employees
have been cross-trained to
perform additional functions Encourages manpowe
Workers Cross- |outside of their primary function|planning, analysis, and Information captured from Floor at
Trained Across [(0 = None) (1 =<20%) (2 = 20pgharing to level work |Cross-Training Matrix Board
Functions - 40%) flow across each Board in each department.
(3=40% - 60%) (4=60% - |functional area.
80%)
(5 = >80%)
Cross-Training
Daily work activities are Team-based activities
Work Teams ?(;g_ag;ﬁd w;?ktte:;?nfg?rzté?&se' provide enriched work | Organizational structure Office &
Utilized for Daily N Y W environments and defines existence of teams
= Activities does nqt exist.) enhance problem- and specific functions. Floor
[ (1 = Daily work team structure solving activities
% exists.) 9 '
§- lead id
S Team leads are utilized as initial Team leads provide
w oint of contact for problem- support to solve low- |Through random
3 poin . level problems without|observation of area as
5 solving, resolution, and employee - - .
4] o L _ Thvolving supervision. |problems arise, degree to
o directing activities. (0 = N/A) . . )
o Team Lead z _ Supervisors are which team leads are Office &
B Functi (1 = <20%, Seldom) (2 =20%- otherwise freed to focudeveraged, and informal Floor
; Hnetons 40%, Occasionally) (3 = 40% - on facilitatin conve?sati’on with
£ 60%, About Half) (4 = 60% - : g
@ continuous employees, team leads,
) 80%, Usually) - :
[ z improvement and supervisors, and managers.
- (5 = >80%, Always)
X growth.
= Problem-Solving activities are
= organized into team based .1 The existence of
@ functions Teams are used o gai "autonomous problem-
= = : multiple perspectives g P . )
Team Problem |(0 = An autonomous problem- for problem-resolution solving teams for specified Office &
Solving Activities |solving team structure does not P low-level problems that can Floor

pr
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Item

Evaluation Point

| Purpose

Methodology

Where?

Employees are empowered,
utilize, participate, initiate, and
lead problem-solving activities
autonomously, without significa

Employees practice,
exhibit the initiative,
nd adhere to the lean

=
Q)

Autonomous problem-
solving teams are used
regularly to solve problem

Uy

used regularly.)
(1 = There is an individual rewa
program present and it is used

_arder to achieve overa
acility goals.

regularly.)

observed directly or

Ithrough documentation.

Tee}m Problem management involvement. initiative, ongllnatlng ywth minimal management Office &
Solving Practices|,~ _ problem-solving and |involvement, observed Floor
(0 = Autonomous Problem- . LY .
; resolution activities directly or through
Solving does not occur regularly individually and documentation or
(1 = Autonomous Problem- )
; autonomously. informally.
Solving does occur regularly.)
Teamwork, Team Leaders, & Empowerment
Supervisor desks are collocated in
functional area, accessible to Visually determine location
- employees. (0 = |Enhancing supervisor |of supervisor desk and
5 Supervisor desk is located visibility and proximity to area, Floor
g elsewhere.) accessibility. employees, and various
% (1 = Supervisor desk is located |n functions.
= area.)
- Supervisor
= Involvement | What percentage of the day do
a Supervisors spend on the shop{ Supervisors spending Direct observation of work
‘q::'; floor, during normal working significant time on the practices, assessment of
£ hours? shop-floor developing daily out-bf-area activities
g (0 =None) (1 =<20%) (2 = 20Pteam leaders and . ; Floor
& required, and informal
S - 40%) emplqyees, and I conversétion with manager
s (3=40% - 60%) (4 =60% - directing and facilitatin supervisor. and emplo ees’
5 80%) daily activities. P ’ ployee.
S (5 = >80%)
8 What percentage of the day do
2 i .
8 Managers spend on the shop- | Managers spending Direct observation of work
.g floor, during normal working significant time on the practices, assessment of
- hours? shop-floor linking . ’ e
g In,\\//lj\?:r?weernt (0 =None) (1 =<20%) (2 = 20pdepartments, developi ?;;Izirc:g c:nzr?nioarf:;/;t'es Floor
o - 0, i ’
o 49 ) _ SUPErvIsors, and conversation with managet,
(3 =40% - 60%) (4 =60% - providing problem- ;
A supervisor, and employees.
80%) solving support.
(5 = >80%)
Power Distance and Management Daily Involvement
Individuals who meet, exceed, ar
achieve objectives are recognizg@rovide additional
S on a regular basis through an |intrinsic incentive and |Existence and regular usage
b= Individual employee recognition program? recognition for of recognition programs fdr
2 Outstanding |(0 = There is not an individual |individuals to meet andhigh achieving individuals Office
g Performers recognition program present or |exceed individual with monthly recognition,
g Identified not used regularly.) performance targets in|observed directly or
O (1 = There is an individual order to achieve overalithrough documentation.
‘:?:5 recognition program present angfacility goals.
8 it is used regularly.)
'g Individuals who meet, exceed, ar
8 achieve performance objectives Provides additional
9] are rewarded through additional L ) Existence and regular usage
04 ion/ ds? extrinsic incentive for f d f
@ Individual compensation/rewards? individuals to meet and °f reward programs for
e (0 = There is not an individual S high achieving individuals )
o Performance exceed individual . Office
= reward program present or not . _|with monthly reward,
g Rewards performance targets in
w
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(1 = The concerns are addresse
to those affected before/at the

dnd management.

next meeting.)

items, resolutions,
outcomes, etc. from

Item Evaluation Point Purpose Methodology Where?
Gro_ups wh_o m_eet, exceed, ' |provides additional
achieve objectives are recognized o Lo
; fecognition and mtnnsmE .
on a regular basis through a grg B i L xistence and regular usage
e incentive for individuals ”»
Group recognition program? of recognition programs far
Outstanding |(0 = There is not a group to cooperate as a gl’Ou%igh achieving groups wit .
o to meet and exceed - Office
Performers recognition program present or monthly recognition,
. group-level .
Identified not used regularly.) . |observed directly or
_ . ... |performance targets in .
(1 = There is a group recognltloP . through documentation.
L order to achieve overall
program present and it is used Y
facility goals.
regularly.)
Groups who meet, exceed, or
achieve performance objectives Provides additional
are rewarded through additional extrinsic incentive for |Existence and regular usage
compensation/rewards? individuals to cooperatgof recognition programs far
Group - . . S .
(0 = There is not a group rewardas a group to meet andhigh achieving group with )
Performance d d level hi ds. ob . Office
Rewards program present or not use exceed group-level  |monthly rewards, observe
regularly.) performance targets in|directly or through
(1 =There is a group reward |order to achieve overalldocumentation.
program present and it is used |facility goals.
regularly.)
Employee Recognition & Compensation
Facility/dept metric/KPI
performance. (0 = None) (1 = |Open communication @fThe frequency, currency,
Very little - Some basic info facility performance an|and amount of facility/dep
Posted) (2 = Little - General |departmental metric and KPI
facility info Shared) (3 = performance limits feart performance information | Office &
Open Practices |Somewhat - Most facility info | of uncertainty among |posted and shared with Tracking
posted/discussed) (4 =To A |employees and associates, observed from  Area
Great Extent, Most dept/facility |enhances understandinigoards and
info posted/discussed) (5 = of expectations and  |performance/information
Completely, Dept/facility info  |achievements. sharing meetings.
§ posted/discussed)
© There is an avenue for workers [to
e} openly share common concerngpProvide a mechanism t®irectly or indirectly
5 issues, and problems regularly |gather feedback from |observed open forum for
= with other employees, workers, uncover discussion of common
L supervisors, and management. |common problems, concerns, through informal
c i . . . . ; 1 Floor
S (0 = There is not a forum issues, and concerns tpdiscussions, minutes, actipn
E available.) be addressed and items, resolutions,
8 (1 = There is a regular forum fof communicated at the |outcomes, etc. from
Worker Input & | discussion, resolution, and group level. meetings.
Concerns Voiced| addressing common issues.)
& Addressed - - —
Employee concerns and questigns Directly or indirectly
are addressed in a timely mann observed open forum for
(0 = The concerns are not lllustrate that employeediscussion of common
. . Floor &
addressed to those affected input and concerns are concerns, through informal Action
before/at the next meeting.) important to supervisofsliscussions, minutes, actipn ltems

meetings.
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documented or current)

(1 =20% - 25%) (2 =15% -
20%)

(3=10% - 15%) (4 = 5%10%)

environmental stress,
excessive overtime,
worker dissatisfaction,
etc.

(5 = <5%)

scored as zero is non-
existent or not current, i.e|
through previous month.

Item Evaluation Point Purpose Methodology Where?
Are there daily meetings with
associates and Daily communication
superv_|5|on/management whereg ywth associates pbserve start of shift
the daily plans, performance, etgincreases awareness @ . L X
S meetings to examine items
. are shared . work plans, individual . h
Daily Plan - . . communicated to associates
Communication (Q = There.are not daily meetingand departmental on a daily basis regarding Floor
with associates where plans, et¢performance, goals, .
. daily plan, performance,
are shared.) assignments, otc
(1 = There are daily meetings |improvements, changes,
with associates where plans, etgetc. on a daily basis.
are shared.)
The facility daily unplanned L
absenteeism rate during the six 'tA(‘)bsrenmE) elsén_:)sbrelated Calculated based on
months? satisfzf\)cti)(;n énrichmertemployment documentatign
. (0 = >5%, Absenteeism Rates S information, otherwise )
Absenteeism and fulfillment and . Office
Unknown) describes the tvpe of scored as zero is non-
(1 =4%-5%) (2 =3%4%) work environmgﬁt for existent or not current, i.e|
(3=2%-3%) (4=1%2%) through previous month.
(5 = <1%) employees.
% The percent layoffs versus total
c facility staffing levels during the | Layoffs can lead to
e last sixmonths? distrust and Calculated based on
3 (0 =>25% or Employment dissatisfaction among |employment documentatign
u‘é Lavoffs turnover information not the employees, which |information, otherwise Office
S Y documented or current) can be detrimental to |scored as zero is non-
« (1 =20% - 25%) (2 =15% - productivity and existent or not current, i.e|
£ 20%) continuous through previous month.
@ (3=10% - 15%) (4 = 5%20%) |improvement.
8 (5 =<5%)
S The personnel turnover rate for
2 the facility during the last six ~ |Worker turnover is an
< months? indication of many Calculated based on
(0 = >25% or Employment potential cultural employment documentation
turnover information not problems, including information, otherwise ]
Turnover Office

Absenteeism, Layoffs, & Turnover
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Quality Assurance:

(1 = Yes, pareto analysis, etc. is
used to identify common and
frequent problems.)

focus and time.

Item Evaluation Point Purpose Methodology Where?
Are structured problem solving
methodologies used to determine
the root causes of problems as they Observe problem
arise? To provide a formal solving teams and root .
_ . o . Quality
(0 = No, structured, formal process for identifying | cause analysis
) s ; Area &
problem solving methods are not| and rectifying problems | methodologies,
. . Floor
used.) as they arise. documentation, and
(1 = Yes, structured, formal outcomes.
problem solving methods are
used.)
The percentage of daily work .
. Root cause analysis
5 Why & activity problems that are solved .
. -~ ) problem solving Observe problem
Root Cause | using 5 Why-type methodologies . )
; _ methodologies should | solving teams and root .
o | Analysis used| (O = None) i o . X Quality
=) - N _ facilitate the resolution | cause analysis
o in Problem | =<20%, Seldom) (2 =20% - . Area &
5 - . - of fundamental, methodologies,
Solving 40%, Occasionally) (3 =40% - ! . Floor
o : o _ underlying problems, not documentation, and
o3 Practices 60%, ~ Half) (4=60%-| .
o simply symptoms or outcomes.
& 80%, Usually) conditions
2 (5 = >80%, Always) )
g Problem occurrence frequency data
e is captured and collected as Data collection is
o problems arise. important for .
g (0 = No, formal, common problem understanding common Verify data.collected Quality
> . . . . and analysis
< collection process is used.) problems to identify . Area &
= — ._| procedures, actions,
(1 = Yes, formal, common problemroadblocks and potential Floor
o : - . : and outcomes.
collection process is used to points for continuous
uncover frequent, common improvements.
problems.)
Pareto analysis is used to
determine common and frequently .
. Pareto analysis helps
. occurring problems to better . . . .
Identify . . . identify the most Verify analysis
illuminate items that need . .
Areas for L commonly occurring conducted from data | Quality
additional focus and problem e ;
Improvement resolution (0 = No problems and prioritizes| gathered and resulting] Area &
using Pareto e - corrective action and action items and Floor
. analysis is conducted.) - .
Analysis, etc. continuous improvement outcomes.

5 Whys, Root Cause & Pareto
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used.) (2 =Yes,
Quality Circles are used daily to
discuss quality issues and

to share root causes and
prevent similar errors.

problems.)

and outcomes.

Item Evaluation Point Purpose Methodology Where?
Are there quality
verification/inspection procedures
in place for each function? Quality verification and
(0 = No, processes are not inspection procedures in Examine SOPs, _
. developed.) functions ensures that the - Quality
Inspection - h li dard : techniques, tools, and A &
ProCesses 1 = Yes, there are quality standard operating daily work practices rea
s verification and inspection procedures for each used Floor
o procedures developed.) process are performed )
g (2 = Yes, the quality verification | with minimal errors.
o and inspection procedures
5 developed and used.)
o Arg t'her.e built-in” system quality
c verification procedures for
5 processes to automatically identify Building in quality
@ potential quality problems detection and using Examine SOPs, .
2 ! : ) . - Quality
@ Auto- immediately? automatic detection and| techniques, tools, and Area &
- nomation (0 = No, processes are not identification procedures daily work practices
. o Floor
developed.) increases the likelihood | used.
(1 = Yes, some processes are that errors are detected.
developed.) (2=
Yes, many processes are used.)
Inspection & Autonomation
Are there processes “built-in” to
the SOP for self-detection of .
quality errors, i.e. using Noren Usmg procedures, .
Self-Directed | Tags, RF Scanners, etc.? equipment, etc.. tha@ helg Exam.lne SOPs, Quality
e detect errors minimizes | techniques, tools, and
Error (0 = No, processes are not S : . Area &
Detection developed.) thg likelihood of errors | daily work practices Floor
_ ) going undetected to the | used.
(1 = Yes, some processes are customer
developed.) 2= '
Yes, many processes are used.)
Are there corrective action and .
> . Capturing worker
=g feedback gathering procedures tqg .
9 . . feedback and developing
o rectify quality problems and - .
S Employee corrective action .
o correct problems encountered Examine regular .
< Feedback & procedures ensures . Quality
i : when they occur? quality and error
s Corrective _ worker concerns are . Area &
. (0 = No, structured processes . .| detection procedures
o Action . addressed and retraining, . Floor
= Practices exist ) upport, etc. are given tq and practices.
© (1 = Yes, structured processes exigt pport, etc. are g
o f ; workers committing
g or gathering feedback and
. . errors.
s corrective actions.)
= Are there self-directed quality
w : . .
circles that discuss quality
problems when they are uncoveredQuality Circles provide a
and the corrective actions taken?| formal meeting for Observe regular
. (0 = No, Quality Circles are not | discussion, corrective quality circle activities | Quality
Quality d i d expl i d di
Circles used.) o actions, and explanation| and corresponding Area &
(1 = Yes, some Quality Circles are of errors after they occunf preparation, actions, Floor
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Inventory Integrity

Item Evaluation Point Purpose Methodology Where?

Are corrective actions shared with Sharing corrective

other employees, functions, etc | actions and lessons

when applicable? learned increases

Corrective (0 = No, cross-functional sharing.) organizational learning | Examine regular Quality
Action (1 = Yes, sometimes cross- and reduces the quality meetings and | Area &
Sharing functional sharing is conducted | likelihood similar errors | participation. Floor

irregularly.) will be committed by

(2 = Yes, cross-functional sharing adding additional focus

is conducted regularly.) to common problems.

Error Proofing Methodology ‘

The percent of actual cycle counts .

. Cycle counts provide

performed daily versus department. >~ " =" "

goals? !n3|gh_t into |r_1v¢_antory Compare currgnt cycle
Cycle Count | (0 = None performed, no goals integrity, verifying count information and

" ' ~| quantities, and limiting | data collected to IC
Frequency | etc.) (1 =<80%) (2 .

= 80% -85%) potential errors and targets tracked on

(3 = 85% - 90%) (4 = 90%95%) wasted mct)tlotn, boards, walls, etc.

(5 = >95%) movement, etc.

Delineation and differing cycle Determine if there are

count requirements for A, B, C Assigning differing delineations in parts

velocity classifications. frequencies to different | based on velocity
Cycle Count (0 = No, there are no part velocity classifications | made in WMS, discuss

delineations for velocity or cycle | prioritizes cycle counting with IC supervisors IC

Classification

count requirements.)

(1 = Yes, there are part
delineations for velocity and cycle
count requirements.)

for higher volume, more
frequently accessed
locations, etc.

and workers, and
whether those are use
for cycle count targets
etc.

The percent of actual daily
adjustments made to inventory

The amount of inventory|
adjustments made

Compare current

Inventory versus department goals? prowde |n_S|ght |_nto the !nventory adjustments
Accuracy, _ inventory integrity and | information and data
. (0 = Nottracked, no goals, etc.) oY . IC
Adjustments, (1= >95%) (2 = 90% 95%) potential issues affecting collected to targets
Condition (3 = 85% - 90%) (4 = 80%85%) mventory.accuracy and | tracked on boards,
B the effectiveness of walls, etc.
(5 = <80%) .
inventory management.
Are there processes defined to | Follow stock out
- o " Stock outs, unmet orders,
exhaust items with “stock outs procedures from order
o backorders, referrals, etg. . .
and minimizing backorders, unmet . picker associate to
can directly affectend | !
orders, referrals, etc.? . inventory control and
- . customers and impact .
Stock Out (0 = No stock out rectification overall system examine process, Ic
Process processes exist or processes are|ng Sy . effectiveness,
effectiveness with regard

followed.)

(1 = Stock out rectification
processes exist and are followed
limit unmet orders, etc.)

to customer satisfaction

toWith products and
service.

frequency of use,
thoroughness, and
process

documentation.

Inventory Integrity
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exists or is in use.)

(1 = Yes, corrective action
procedures and resolution
processes exists and are in use.)

mistakes will not be
made continually.

used.

Item Evaluation Point Purpose Methodology Where?
The percent of quality defects The percent of defects | Compare current
attributed to product quality versusas'so.c""lte.d YV.'th product product _quallty Office,
department qoals? quality prioritizes information and data Lean
S Product F_) ?( d ) | potential problems collected to targets i
= Quality (0= Notgrac °d noogoaos, etc.) associated with tracked on boards, Tracking
g g _ ;ggﬂ))gé%/_) 9(2/298?)5}))850/) individual operations, walls, etc. may be Alr:(Iec?c’)ror
S,y 5 _ <803/) 0 - 05970 handling, or value added determined from root
a B 0 services. cause quality analysis.
(8]
o
& The percent of quality defects The pt_arcent Qf defects | Compare cur_rent
o2 attributed to process quality versy Sasso_mate_d ‘.N.'th process _process_quallty Office
3 quality prioritizes information and data !
S department goals? . Lean
3 Process T ked | potential problems collected to targets i
e Quality (0= Nsc;tgrac Ze ,ggoggaf, etc.) associated with inbound| tracked on boards, Tracking
o g _ ;5;@98%_) ( 4/_0 8%({;)1}5% ) and outbound processes walls, etc. may be Alr:cleg(,)ror
B - and potential root cause| determined from root
(5 = <80%) . e . .
analysis/rectification. cause quality analysis.
Product & Process Quality
The actual picking error rates -
. . Compare and divide
versus departmental goals, lower|id.ower picking error rates ki
better? versus targets describes| current picking error Qualit
Picking etter 9 rate information and Y
Error Rates (0 = Not tracked, no goals, etc.) | the performance versus data collected to Area &
(1 =>95%) (2 =90% 95%) expectations and reducestar ets tracked on Floor
(3 =85% - 90%) (4 = 80%85%) | subsequent wastes. bogrds walls. etc
(5 = <80%) ' S
Is there a formal picking error rate
0 corrective action methodology and Providing a formal
= process for improvement, issue hgato
0 lution? corrective action E ine SOP
< Corrective | F€solution® . . procedure and xamine S, Quiality
) Action (0 = No, corrective action improvements helos techniques, tools, and Area &
3 procedures or resolution process P P daily work practices
- | Methodology - o ensure that the same Floor
) exists or is in use.) . . used.
= (1 = Yes, corrective action mistakes will not be
% procedures and resolution made continually.
o processes exists and are in use.)
5
= The actual scrap rates versus -
e departmental goals, lower is Lower scrap rates versus Compare and divide
> - current scrap rate .
2 better? targets describes the information and data Quality
% Scrap Rates | (0 = Not tracked, no goals, etc.) | performance versus collected to taraets Area &
- (1 =>95%) (2 =90% 95%) expectations and reducestracked on boa?ds Floor
= (3=85% - 90%) (4 = 80%85%) | subsequent wastes. '
© _ walls, etc.
8, (5 = <80%)
Is there a formal scrap rate
corrective action methodology and -
. - Providing a formal
process for improvement, issue . -
; corrective action .
Corrective resolution? rocedure and Examine SOPs, Qualit
. (0 = No, corrective action P techniques, tools, and y
Action procedures or resolution process improvements helps daily work practices Area &
Methodology ensure that the same Floor
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Item Evaluation Point Purpose Methodology Where?
The actual damage rates VErsUS | The facility damage rate| Compare and divide
departmental goals, lower is .
better? versus expectations current damage rate Qualit
Damage o describes performance | information and data y
(0 = Not tracked, no goals, etc.) di d I d Area &
Rates (1= >95%) (2 = 90% 95%) and increase collected to targets Floor
(3= 85% - 90%) (4 = 80%85%) performance reduces tracked on boards,
(5 = <80%) overall waste. walls, etc.
Is there a formal damage correctiye
action methodology and process | Providing a formal
for improvement, issue resolution| corrective action Examine SOPs
Corrective (0 = No, corrective action procedure and techniaues toois and Quality
Action procedures or resolution process| improvements helps dail v?ork 'ractic’es Area &
Methodology | exists or is in use.) ensure that the same use)(; P Floor
(1 = Yes, corrective action mistakes will not be '
procedures and resolution made continually.
processes exists and are in use.)
The actual rework rates VErsUS 1 The facility rework rate | Compare and divide
departmental goals, lower is .
better? versus expectations current r_ework rate Quality
Rework o describes performance | information and data
(0 = Not tracked, no goals, etc.) di d I d Area &
Rates (1= >95%) (2 = 90% 95%) and increase collected to targets Floor
(3 = 85% - 90%) (4 = B0%85%) performance reduces tracked on boards,
(5 = <80%) overall waste. walls, etc.
Is there a formal rework corrective
action methodology and process | Providing a formal
for improvement, issue resolution| corrective action Examine SOPs
Corrective (0 = No, corrective action procedure and techniques toois and Quality
Action procedures or resolution process| improvements helps dail v?ork 'ractic’es Area &
Methodology | exists or is in use.) ensure that the same use)é P Floor
(1 = Yes, corrective action mistakes will not be )
procedures and resolution made continually.
processes exists and are in use.)
The actual delivery rates versus
departmental goals, higher is The facility delivery rate | Compare and divide
better? versus expectations current delivery Qualit
Delivery (0 = Not tracked, no goals, etc.) | describes performance | information and data Areag
Rates (1 =<97%) (2 = 97%%98%) and increased collected to targets Eloor
(3=98% - 99%) (4 =99% - performance reduces tracked on boards,
100%) overall waste. walls, etc.
(5 = >100%)
Is there a formal delivery rate
corrective action methodology and Providing a formal
process for improvement, issue ngato
; corrective action .
Corrective resolution? rocedure and Examine SOPs, Qualit
. (0 = No, corrective action b techniques, tools, and y
Action rocedures or resolution process improvements helps daily work practices Area &
Methodology P P ensure that the same y P Floor

exists or is in use.)

(1 = Yes, corrective action
procedures and resolution
processes exists and are in use.)

mistakes will not be
made continually.

used.
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Item Evaluation Point Purpose Methodology Where?
The actual order fill and denial
rates versus departmental goals, | The facility order fill rate| Compare and divide
Order higher is better? versus expectations current order fill rate Qualit
FillDenial (0 = Not tracked, no goals, etc.) | describes performance | information and data Areag
Rates (1 =<97%) (2 =97%%98%) and increased collected to targets Floor
(3=98% - 99%) (4 =99% - performance reduces tracked on boards,
100%) overall waste. walls, etc.
(5 =>100%)
Is there a formal order fill rate
corrective action methodology and -
. - Providing a formal
process for improvement, issue . -
; corrective action .
Corrective resolution? rocedure and Examine SOPs, Qualit
. (0 = No, corrective action P techniques, tools, and y
Action rocedures or resolution process improvements helps daily work practices Area &
Methodology P P ensure that the same y P Floor

exists or is in use.)

(1 = Yes, corrective action
procedures and resolution
processes exists and are in use.)

mistakes will not be
made continually.

used.

Quality Measurements, Metrics, & Statistics
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Visual Management:

lean vision and is making progres
commensurate to achieving the
vision.)

[2)

activities.

towards implementing
the vision.

Item Evaluation Point Purpose Methodology Where?
Value stream mapping training ~ Analyzing a_nd Evaluate lean training
levels for facility personnel. (0 = | understanding the documentation. lean
None) (1 =| current state value roaress boar d,s otc. td Lean
VSM Manager trained) stream map of processe shrogres .0 Tracking
= _ . . ; ) - determine the facility
Training (2 = Some Supervisors trained.) | is the first step in ersonnel who have Area and
(3 = All Supervisors trained.) continuous Eom leted value strear Floor
(4 = Team Leads trained.) improvement and ma. pin trainin
(5 = Some workers trained.) making progress. ppIng 9
The percent of current state valug .
Continuous
stream maps created for key . . Evaluate value stream
Current Bnprovement is ina d . Lean
State processes. achieved through mapping o.c.umentatlom Tracking
=None) (1 =<20%) (2=20% - . and key facility
Processes o process improvement f h Area and
Mapped 40%) implementation processes for eac Floor
(3 =40% - 60%) (4 =60%80%) activities function.
(5 =>80%) ’
< The percent of future state value .
= Continuous
= stream maps created for key imorovement is Evaluate value stream Lean
‘25 Future State | process. (q :acﬁieved throuah mapping documentation Trackin
Processes | None) (1 =<20%) (2 =20% - . 9 and key facility 9
g o process improvement Area and
S Mapped 40%) implementation processes for each Floor
ﬁ (3=40% - 60%) (4 =60%80%) activities function.
o (5 =>80%) )
=]
S
The percent of future state value Conti
: ontinuous .
stream maps implemented for key . rovement is Validate future state Lean
Future State | processes. (gg Eieve d throuah value stream maps and Trackin
Processes | = None) (1 =<20%) (2 =20% - rocess im rovgement process improvement Area an%
Implemented | 40%) ﬁn Iement;)tion implementations for key Floor
(3 =40% - 60%) (4 =60%80%) acfi)vities processes, etc.
(5 =>80%) ’
The facility siximonth lean vision:
(0 = The facility does not have a Continuous Determine whether
six-month lean vision or is not imorovement is there is an appropriate Lean
making progress commensurate toacﬁieved throuah six-month lean vision Trackin
Lean Vision | achieving the vision.) . 9 for the facility and 9
_ . . process improvement Area and
(1 = The facility has a six-month | : . assess the progress
implementation Floor

Value Stream Mapping
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control boards.)

(2 = Yes, most processes daily
activities are planned using proce|
control boards.)

daily activities.

ISS

process control boards,

Item Evaluation Point Purpose Methodology Where?
Have process control boards been
developed and posted in process{ To enhance visibility . . .
_ Visual inspection of
(0 = No, boards are not and allow everyone to -
A functional areas,
Development | present/developed.) understand the function
. i - | process control board Floor
& Posting (1 = Yes, some processes have | plan, status, progression,
development, and
developed and posted boards.) | and performance at a .
_ existence.
(2 = Yes, most processes have | glance.
developed and posted boards.)
Were process control boards
developed in accord with
standardized work units?
(0 = No, boards are not To ensure process
Standardized | present/developed.) P .| Visual inspection of
. - control boards are being -
Work Unit (1 =Yes, some processes were functional areas and Floor
h . ) used to plan and manage
Cohesion developed in accord with : —— process control boards,
; . daily activities.
standardized work units.)
(2 = Yes, most processes were
developed in accord with
standardized work units.)
Are process control boards used {o
plan daily work activities?
(0 = No, boards are not
present/developed.) To ensure process . . .
- . .| Visual inspection of
. (1 = Yes, some processes daily | control boards are being .
Planning o ; ¥ functional areas and Floor
° activities are planned using processised to plan and manage
o . — process control boards,
@ control boards.) daily activities.
2 (2 = Yes, most processes daily
S activities are planned using process
< control boards.)
8 Are process control boards used,
@ updated, & leveraged regularly to
8 manage processes?
o (0 = No, boards are not
o To ensure process . . .
present/developed.) .| Visual inspection of
~ control boards are being .
Usage (1 = Yes, some processes are ¥ functional areas and Floor
) used, updated, and
managed by leveraging process | process control boards,
everaged regularly.
control boards.)
(2 = Yes, most processes are
managed by leveraging process
control boards.)
Process control board resolution:
(0 = No, boards are not _ The resolution of the
present/developed.) (1 =>60 | board isual i . f
_ Minutes) process control boar Visual inspection o
Resolution _ . determines the accuracy functional areas and Floor
(2 = 30 - 60 Minutes) : .
_ . with which the boards | process control boards.
(8 =20 -30 Minutes) data represents
(4 = 15 -20 Minutes) P :
(5 = < 15 Minutes)
Are process control boards used to
plan daily work activities?
(0 = No, boards are not
present/developed.) To ensure process . . .
. -~ . .| Visual inspection of
Functional (1 = Yes, some processes daily | control boards are being -
X o X functional areas and Floor
Planning activities are planned using processised to plan and manage
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displayed, and/or current, etc.)
(1 = On Time Shipment
information is tracked, displayed,
and current, etc.)

expectations, progress,
and opportunities for
improvement.

and department.

Item Evaluation Point Purpose Methodology Where?
Are process control boards used {o
plan daily work activities?
(0 = No, boards are not
present/developed.) To ensure process Visual inspection of
Manpower | (1 = Yes, some processes daily | control boards are being . P
: o ; functional areas and Floor
Planning activities are planned using processised to plan and manage rocess control boards
control boards.) daily activities. P !
(2 = Yes, most processes daily
activities are planned using process
control boards.)
Process Control Boards
Productivity rates are tracked and Tracking productivity
displayed regularly versus facility| and displaying
and departmental goals? information illustrates | Examine productivity
- (0 = Productivity information is facility and tracking information )
Productivit Office or
Trackin Y | not tracked, displayed, and/or not| departmental and display information Floor
9 current, etc.) performance versus for facility and
(1 = Productivity information is expectations, progress,| department.
tracked, displayed, and current, | and opportunities for
etc.) improvement.
The actual productivity rates
versus departme.ntal and'fa.clllty Achieving productivity
goals, where a higher ratio is : . -
expectations is an Divide actual
o better? .
Productivity (0 = Not tracked, no goals, etc.) putcome of process depgrtmental and Office or
Performance (1= <85%) (2 _ 85% 90%’) ’ improvements, facility performance Floor
(3= 90% - 95%) (4 = 95% - manpower planning, and versus expectations.
100%) other lean activities.
(5 =>100%)
2 Quality rates are tracked and Tracking quality and
S displayed regularly versus facility Q|splay|ng |nf9.rmat|on Examine quality
M and departmental goals? illustrates facility and L .
— . _ L S tracking information '
o Quality (0 = Quiality information is not departmental . . . Office or
< . : and display information
- Tracking tracked, displayed, and/or current, performance versus for facility and Floor
etc.) (1 = | expectations, progress, y
) - S o department.
= Quality information is tracked, and opportunities for
% displayed, and current, etc.) improvement.
The actual quality ratg; versus Achieving quality
departmental and facility goals, : : -
L expectations is an Divide actual
. where a lower ratio is better? i
Quality _ outcome of process departmental and Office or
(0 = Not tracked, no goals, etc.) | . -
Performance (1= >100%) (2 ’: 95% 10(’)%) improvements, facility performapce Floor
(3= 90% - 95%) (4 = 85%30%) manpower planning, angd versus expectations.
5 _ <85%) B other lean activities.
On Time Shipment rates are . .
. Tracking on time
tracked and displayed regularly X ; .
. shipment and displaying
versus facility and departmental | : S . .
information illustrates | Examine on time
On Time goals? facility and shipment trackin
: (0 = On Time Shipment y shipmen 9 Office or
Shipment h N departmental information and display|
. information is not tracked, . . . Floor
Tracking performance versus information for facility
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Item Evaluation Point Purpose Methodology Where?
The actual on time shipment rates Achieving on time
versus departmental and facility shipment is an outcomd
_ goals,owhere a higher ratio is of process Divide actual
ghr}p-l;:gﬁt E)Oe Eelilbt tracked, no goals, etc.) improvements, . depgrtmental and Office or
Performance | (1 = <85%) (2 _ 85% 90%’) ’ manpower planning, and facility performance Floor
_ — other lean activities in | versus expectations.
(3 = 90% - 95%) (4 = 95% - order to achieve
109%) customer satisfaction.
(5 = >100%)
On Time Receiving rates are Tracking on time
tracked an_d_ displayed regularly receiving and displaying
\éi;slgg facility and departmental Lnfolrmatio(? illustrates | Examine on tilzne
On Time - - acility an receiving tracking '
Receiving i(lg)fc;rragti-lc-)lrrpies ';gf frg/(':rll(g d departmental ?nformat?on and di_s_play Olf:fllgiror
Tracking displayed, and/or current'etc) performqnce versus information for facility
(1=0n Time Receiving A expectations, progress,| and department.
) S . and opportunities for
information is tracked, displayed, improvement
and current, etc.) )
The actual on time receiving rate§ Achieving on time
versus departmental and facility | receiving expectations is
goals, where a higher ratio is an outcome of process Divide actual
On T.‘”?e bet}er? improvements, . departmental and Office or
Receiving (0 = Not tracked, no goals, etc.) | manpower planning, anJIfacilit erformance Floor
Performance | (1 = <85%) (2 = 85% 90%) other lean activities in Yy P .
(3=90% - 95%) (4 =95% - order to increase versus expectations.
100%) availability, order fill
(5 = >100%) rates, etc.
Customer Satisfaction rates are Tracking customer
tracked and displayed regularly satisfac?ion and
\;Z:g facility and departmental _displaying infp_rmation Exz_;lmine_ custom_er
Customer 0= Customer Satisfaction illustrates facility and satisfaction tracking Office or
Staisfaction information is not tracked departmental information and display Floor
Tracking displayed, and/or current’etc) performance versus information for facility
il ' ; T expectations, progress | and department.
(1 = Customer Satisfaction and improvement
information is tracked, displayed, tunities
and current, etc.) oppor )
The actual customer satisfaction
rates versus departmental and Achieving customer
Customer Ei)lleltt)t/egrgalsy where a higher ratiq §atisfaction expectations Divide actual .
Satisfaction | (0 = Not-tracked no goals, etc.) is an outcome of processdepgrtmental and Office or
Performance | (1 = <85%) (2 _ 85% 90%’) ’ improvements, _ facility performa_nce Floor
(3= 90% - 95%) (4 = 95% - gﬁgf?ev;ir;éﬁcir:ilgg, angd versus expectations.
100%) )
(5 =>100%)
Key Performance Indicators are | Tracking KPI
tracked and displayed regularly | performance and
versus facility and departmental | displaying illustrates . .
Facility KPI goals? . . facility and Eﬁgﬁggoﬁpéggaggg%y Office or
Tracking (0= KP1 information is not departmental information for facility Floor

tracked, displayed, and/or current
etc.) 1=
KPI information is tracked,

, performance versus
expectations, progress,
and opportunities for

displayed, and current, etc.)

improvement.

and department.
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(5 = Supervisor with Lean Trainer
status.)

Item Evaluation Point Purpose Methodology Where?
The percent of KPIs being
achieved are, where higher is Achieving KPI
better? expectations is an Divide actual
Facility KPI (0 = Not tracked, no goals, etc.) | outcome of process departmental and Office or
Performance | (1 = <85%) (2 = 85% 90%) improvements, facility performance Floor
(3=90% - 95%) (4 =95% - manpower planning, angl versus expectations.
100%) other lean activities.
(5 = 100%)
Metrics & KPI Boards |
Lean implementation Tracking .
Board/Area. (0= Tracking a}nd o
i . - .| documenting facility .
Lean No, Lean implementation activities hanaes and proaress Information captured Lean
X are not being tracked and/or are ro? g prog from Lean Tracking Tracking
Tracking illustrates the
current.) achievements and Board/Area. Area
(1 = Yes, Lean implementation accomplishments
activities are tracked and current. P )
Lean Training Tracking Board. Tracking lean trainin
Lean (0 = Lean training activities are nctadds visgibilit and 9 | Information captured Lean
Trainin tracked and/or are not current.) importance t)c/> trainin from Lean Training & | Tracking
9 (1 = Yes, Lean training activities acfi)vities 9 Tracking Board/Area. Area
are tracked and are current.) ’
o (0 = Manager has not completed.
-~ (1 = Manager completed Lean
':‘% 101) , | Managers provide the
= = Manager facilitated one lean daily organizational
c L support to ensure .
I Manager activity.) roadblocks are removed Information captured Lean
3 Training (3 = Manager completed Lean coordinate facility "from Lean Training & | Tracking
(24? 1I)I\/Iana er facilitated 2nd lean improvement activities, Tracking Board/Area. Area
acti_vity) 9 and work among the
(5 = Manager with Lean Trainer various functions.
status.)
(0 = Supervisor has not
completed.)
(1 = Supervisor completed Lean
101.) 2 Supervisors provide the
= Supervisor facilitated 1 lean d ? inf P Inf . d L
Supervisor | activity.) aily reinforcement, nformation capture ean
Trainin 3= Su. ervisor completed Lean training, and expertise tp from Lean Training & | Tracking
9 ZOI) P P initiate changes and Tracking Board/Area. Area
(4 = Supervisor facilitated 2 lean sustain improvements.
activity.)
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support when quality issues arise
not used.)

(1 = Yes, the mechanism to trigge
support when quality issues arise
used.)

isused to be effective.

=

is

when quality problems
arise.

Item Evaluation Point Purpose Methodology Where?
Employee lean training
achievements.
(0 = None have completed Lean Emplovee
Training.) (1 = <25% have ployee ~
understanding is
completed Lean 101.) increased by trainin Information captured Lean
Worker (2 =<25% Lean 101 & 1 lean d by traning Py .
- o and participation in from Lean Training & | Tracking
Training activity.) ! -
_ continuous Tracking Board/Area. Area
(3 = 25%-75% have completed . .
improvement of daily
Lean 101.) work activities
(4 = 25%-75% Lean 101 & 1 lean '
activity.) (5=>75% Lean 101 &
2+ lean activities.)
Lean Tracking
Are there visual control
mechanisms to manage staging,
FIFO, etc., i.e. cones, etc.) Visual control
(0 = No, visual control mechanismi mechanisms enhance | Examine staging
exists.) process integrity and processes and SOPs far
Staging (1 = Yes, some staging processes reduce wastes, by use of visual control Floor
are managed by visual control eliminating searching mechanisms to manage
mechanisms.) and stabilizing staging.
” (2 = Yes, most staging processes| processes.
° are managed by visual control
‘g mechanisms.)
&) Are there visual control
c_:u mechanisms to manage material
K% flow, pull, etc.) (0| Visual control
> = No, visual control mechanism | mechanisms enhance | Examine material flow
exists.) process integrity and processes and SOPs far
Pull (1 = Yes, some material flow reduce wastes, by use of visual control Floor
processes are managed by visual eliminating searching mechanisms to manage
control mechanisms.) and stabilizing material flow.
(2 = Yes, most material flow processes.
processes are managed by visual
control mechanisms.)
Visual Controls
Is there a mechanism to trigger
support from team lead, L .
) . . Determine if there is a
supervisors, etc. when quality Andon Systems provide . .
; . visual, auditory, etc.
problems arise? instantaneous feedback] - .
— . . - mechanism to trigger
. (0 = No, there is not a mechanism and trigger support from
Existence . - . support from the Floor
to trigger support when quality the appropriate .
. . .| appropriate personnel
issues arise.) personnel when quality -
- . . . when quality problems
(1 = Yes, there is a mechanism tq problems arise. arise
E trigger support when quality issues )
% arise.)
@ Are quality problem support
c systems used by workers to get
3 support from team leads,
g supervisors, etc. to solve quality Determine the extent to
problems? Andon Svstems must bé which the mechanism is
Usage (0 = No, the mechanism to trigger Y [ used to trigger support| Floor

Andon Systems
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(5 = 5+ Reports & corresponding

projects.)

Item Evaluation Point Purpose Methodology Where?
The facility personnel that have
completed A3 One Page Report
-(rlrfﬂrl]\l/lr:igr;a(%r:cgomneléted trainin A3 One Page Reporting Examine the lean
(2 - SomegSu erv?sors com Ietge.d allows for systematic training tracking for A3
trai_nin ) P P documentation of One Pg e Re %rtin Lean
Training _ 9. . projects to enhance € "ag porting Tracking
(3 = All Supervisors completed A . training to determine
training.) organizational Ie_armng the personnel who have Area
o and documentation of L
% (4 = Some Team Leads completedchaln s and results completed training.
S training.) g :
o
& (5 = Some workers completed
s training.)
2 The number of A3 One Page
% Reports completed during last six|
c months: (1
o =1 Report & corresponding 'Fl;he more A3 One Page Examine the lean
& . eports that have been )
< project.) leted indicate th tracking area to
~ (2 = 2 Reports & corresponding completed indicate e | termine the number Lean
Usage rojects.) amount of progress and of A3 One Page Reports Trackin
’ ?3 1 3 Ré orts & correspondin continuous that have beeg P Area ?
ro_'ects )p P ’ improvement being completed during the
p _J ’ . made throughout the P 9
(4 = 4 Reports & corresponding facilit last six months.
projects.) Y-

(A3) One Page Reports
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Workplace Organization:

Item Evaluation Point Purpose Methodology Where?
5S Workplace Organization training
levels for facility personnel. (0 :_ To train personnel in a Check lean tracking
None) (2 = | methodology for
. ; area for manager, Lean
5S Trainin Manager trained) developing a place for supervisor, and worker | Trackin
9 (2 = Some Supervisors trained.) | everything and having P P 9
_ . ; A 5S WPO Training Area
(3 = All Supervisorsrained.) everything in its place accomplishments
(4 = Team Leads trained.) in the facility. P '
(5 = Some workers trained.)
Have the necessary materials,
equipment, machines, and supplies Verify area sort process
been determined? (P To sort out what and that existing
= No, sorting was not material, equipment, materials, equipment,
present/done.) machines, and supplies machines, and supplies|
Sort (1 = Yes, some of the necessary | are needed in the are required for daily Floor
materials, equipment, etc. have bgeworkplace to perform | work activities.
identified.) the work and which arg Perhaps, documentation
(2 = Yes, most of the necessary | not. or evidence of "red-tag
materials, equipment, etc. have bgen event."
identified.)
Have the materials, etc. been set in Verify area organization
order, organized, and visually To set in order, and visual
represented? (0 = Nogrganize, and visually | representation of
organizing was not present/done.)| represent the essential| materials, equipment,
Set in Order (1 = Yes, some of the necessary | material, equipment, machines, and supplies Floor
@ materials, equipment, etc. have bgemachines, and supplies was conducted and
organized.) to minimize travel, represents current
(2 = Yes, most of the necessary | motion, and searching | processes, i.e. taped
materials, equipment, etc. have bgemovements. outlines, painted areas,
organized.) etc.
Have the necessary materials,
equipment, etc. been shined,
cleaned, and inspected? Examine material,
(0 = No, shining was not . equipment, machines,
To shine, clean, and . X
present/done.) . and supplies are shined,
. = inspect all of the work :
Shine (1 = Yes, some of the necessary ; cleaned, and inspected| Floor
: ; areas, equipment, and : ;
materials, equipment, etc. have bgen X to be in working
. machines. o
shined.) condition, free of
(2 = Yes, most of the necessary debris, etc.
materials, equipment, etc. have bgen
shined.)
Is daily time being devoted to
maintaining 5S WPO, checklists | To standardize the Examine daily
being completed, schedule created workplace organization| checklists and schedulgs
and being adhered to? initiative and maintain | are being completed, are
. (0 = No, maintenance of initiative | improvements daily by | up to date, and that time
Standardize Floor

was not present/done.)

(1 = Yes, some processes are
maintained.)

(2 = Yes, most processes are
maintained.)

allocating time,
creating checklists, ang
developing schedules
for maintenance.

is being devoted daily
for maintenance. Also
inspect areas for
compliance.
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present, used, and/or filled, etc.)
(1 = Yes, shadow boards are

searching, movement,
etc.

present, used, and filled, etc.)

materials, equipment,
supplies, etc.

Item Evaluation Point Purpose Methodology Where?
Are .58 WPO practices beln_g Jo sustain the initiative
audited regularly by supervisors a 1% o
_ y making it a part of . .
manager.? (0 = No, . Examine supervisor and
L . everyday business by -
regularauditing is not being done.) . - manager audits and the
T auditing, providing .
. (1 = Yes, some regular WPO corresponding feedback
Sustain . . feedback, and . Floor
process audits are being conducted . given to employees
managers, supervisors :
by management.) and emplovees regarding regular 5S
(2 = Yes, numerous, regular WPO | employees WPO process audits.
. . verifying compliance to
process audits are being conducted
the process.
by mgmt.)
5S |
Is there appropriate signage
identifying work areas, staging,
flow, traffic, etc.? © Signage eliminates Examine areas and
= No, there is not sufficient gnag . functions to determine
: guesswork in . - )
. signage.) L if there is appropriate
Signage _ . . determining where . .
(1 = Yes, there is some signage . - sighage marking and Floor
Usage . . - material, equipment, : =g
present to identify areas, staging, identifying work areas,
. etc. are to be staged, : )
material flow, etc.) staging, flow, traffic,
- . . .. | moved, etc.
(2 = Yes, signage clearly identifies etc.
” areas, staging, material flow, traffic,
©
5 etc.)
8 Does signage conform to Menlo | Using Menlo common
= common signage template for signage template
8 colors, sizing etc.? standardizes colors, .
@ — : d f : Compare signage to
e Standard (0 = No, signage does not confornj sizes, etc. across Menlo common signage
n - to template and/or not sufficient | facilities commonly Floor
] Signage - . L template for colors,
© sighage.) identifying and sizing. etc
2 (1 = Yes, signage conforms to marking safety, g, €tc.
S common template and there is functions, areas,
0 appropriate signage.) parking, etc.
Are shadow boards present, used,
and filled for necessary materials, | Shadow boards provide .
. : . e o Examine areas and
equipment, supplies, etc. identifyingspecific places for :
) : . functions for shadow
Shadow storage locations? equipment, supplies, board storage for Floor
Boards (0 = No, shadow boards are not | etc. which eliminates 9

Signage & Shadow Boards
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dunnage, etc.)
(4 = Bins have few traces of
dunnage, etc.)
(5 = Bins are clean, free of dunnag
etc.)

waste, reduces errors,

increases safety,

illustrates facility
eprofessionalism, etc.

during the work day and
present at the end of th
work day.

Item Evaluation Point Purpose Methodology Where?
The overall cleanliness of function
fj%r?nixze?tih)/ dirty, full of Keeping areas clean, | Rate overall functions
(1= ng’e aréas with dunnage. et free of dunnage, debrig, cleanliness based on the
(2 = Few areas with dunna eg étc etc. enhances the work amount of dunnage,
Overall (3 = More than few traces c?f ' 7771 environment, reduces | debris, etc. present in Floor
Cleanliness dunnageetc.) waste, reduces errors, | work areas accumulated
_ 9 ; increases safety, during the work day and
(4 = Area has few traces of . e
dunnage, etc.) illustrates facility present at the end of the
_ ge, etc. professionalism, etc. | work day.
(5 = Area is clean, free of dunnage,
etc.)
The individual aisle cleanliness.
(0 = Extremely dirty, full of debris, . .
Keeping aisles clean, . .
etc.) clear. free of dunnage Rate aisle cleanliness
* (1 = Some areas with debris, etc.) debri’s otc enhancgs '| based on the amount of
@ Aisle (2 = Few areas with debris, etc.) the wo'rk ehvironment dunnage, debris, etc.
£ . (3 = More than few traces of debris, ' | present in aisles Floor
c Cleanliness etc.) reduces waste, reduce$ accumulated during thel
5_3 (4 = Few traces of debris, dunnage, " o > increases safety, work day and resgnt at
© etc.) ’ illustrates facility the end )(/)f the F\)/vork da
5 = All aisles clean, free of debris professionalism, etc. {
etc.)
The individual location cleanliness
0 = Extremely dirty, full of Keeping locations .
Rate location
dunnage, etc.) clean, clear, free of .
_ X . i cleanliness based on the
(1 = Some bins with dunnage, etc.| dunnage, debris, etc. amount of dunnage
Location (2 = Few bins with dunnage, etc.) | enhances the work debris. etc rese%t lin
. (3 = More than few traces of environment, reduces . ! P Floor
Cleanliness aisles accumulated

1%

Cleanliness
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developed and utilized for non-

critical supplies.)

and available when
needed.

checklists, etc.

Item Evaluation Point Purpose Methodology Where?
Supplies critical to accomplishing
major daily work activities have Identifying critical
Critical ?Oe iangegﬂfle(ljiggrcﬁzzglftjonctlon. supplies determines Review documentation
X » SUDDIES | I which supplies, for identifying critical
Supplies accomplishing daily activities have materials. etc. are supplies and what thosé Floor
Identified not been |dent|f|ed.) 3 required t’o pérform supplies are. I
(1 = Yes, supplies critical to daily work activities
accomplishing daily activities have '
been identified.)
- A management process has been
o developed and is utilized for criticgl Developing and
% supplies, etc. (0 = utilizing a management Review critical suopl
2 Critical No process developed and/or process for critical management rofe?sle‘
S Suopl utilized.) supplies, materials, etc kanbagns P T
E Manapgr)r/]ent (1 = Yes, there is a process ensures that there are documer;tation stockin Floor
8 Progcess developed and utilized for some | enough to perform rocedures da’il :
% critical supplies.) daily work activities Ehecklists étc y
s (2 = Yes, there is a process and without T
3 developed and utilized for most unnecessary inventory,
=) critical supplies.)
S Non-critical supplies, etc have beenMana ina. developin
n identified and a management and utgfliz?r; a PING.| Review non-critical
Non-Critical | process has been developed and S mana emegnt rocess supply, identification
Supply utilized. for no%-criticalp process, items,
Management | (0 = No, there is not a process subplies. materials. etc management processes, Floor
Process developed and/or utilized for non- engﬁres ’inventor ! kanbans,
Developed & | critical supplies.) Y documentation, stocking
" : levels are appropriate .
Utilized (1 = Yes, there is a process procedures, daily

Supply & Material Management
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(1 = Yes, some are
documented/identified.)

(2 = Yes, there is documentation,
etc. developed and utilized

issues, reduces
searching, motion and
other wastes during
resolution.

consistently.)

documentation and
identification
procedures are being
used consistently.

Item Evaluation Point Purpose Methodology Where?
Are there mechanisms developed
and utilized for point of use storage
for equipment to minimize worker | Point of Use Storage | Examine storage areas
motion? reduces travel time, for equipment to
POUS (0 = No, there are not mechanisms handling, motion, determine if the storage Floor
Equipment | developed and/or utilized for searching, etc. for locations are in the
equipment.) equipment before use | same place as the usage
(1 = Yes, there are mechanisms | by workers. locations.
developed and utilized for
equipment.)
Are there mechanisms developed
> and utilized for point of use storage
g for material to minimize worker Point of Use Storage | Examine storage areas
I} motion? reduces travel time, for material to
@ POUS (0 = No, there are not mechanisms handling, motion, determine if the storage Floor
) Material developed and/or utilized for searching, etc. for locations are in the
S materials.) material before use by | same place as the usage
£ (1 = Yes, there are mechanisms | workers. locations.
g developed and utilized for
materials.)
Are there mechanisms developed
and ut|||z.ed for pplrlt .Of use storage Point of Use Storage | Examine storage areas
for supplies to minimize worker d i f f
motion? reduces travel time, or supplies to
POUS A . handling, motion, determine if the storage
: (0 = No, there are not mechanisms . . . Floor
Supplies - searching, etc. for locations are in the
developed and/or utilized for -
supplies.) supplies before use by same place as the usage
! : . workers. locations.
(1 = Yes, there are mechanisms
developed and utilized for supplies.)
Point of Use Storage |
Are th??re appropriate areas Having a consistent
identified, utilized, and storage . .
; problem area for Examine functional
mechanisms developed for problem . : ;
. L . staging and storing areas, inventory control,
items requiring further action? X
- . - parts that require etc. for problem areas,
(0 = No are identified and/or . )
Problem utilized.) further action future action areas, and Floor
Area NN . g centralizes items for other common locationg
(1 = Yes, some areas identified and uti d d f . d
@ used.) reso uht!on, reduces used for storing and
g (2 = Yes, there are areas identifieg searching, creates a | staging items requiring
< and utilized consistently for common location, additional action.
2 . y minimizing wastes, etc,
< problem items.)
e Are there appropriate Documenting and
E documentation mechanisms identifyin thge Examine documentation
2 developed and utilized for problem 9 mechanisms for and
o . . . problem, reason, and | . D
a items requiring further action? . - identification
_ other information
) (0 = None are procedures for problem
= Status ; - reduces the amount of | !
documented/identified.) . o items and ensure that Floor
Documents time for rectifying

ID Problem Parts Areas
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Lot Sizing:

Iltem Evaluation Point Purpose Methodology Where?
Material flow is managed in pre-
specified batch sizes and adhered to
consistently throughout the daily . . Examine material flow
2 Using consistent batch
work activities. g o and movement betweery
. _ sizes stabilizes work .
Batching & | (0 = No, batches not pre- . processes for consistent
. " flow and provides . Floor
Consistency | specified/used.) redictable process batch sizes used
(1 = Yes, some processes use P P throughout daily
. times for each batch. -
consistently.) activities.
(2 = Yes, most processes use
consistent batch sizes.)
How much work do the batch sizes|
used between operations represen| The batches between
* (0 = Unknown, More Than 2 Hours| operations, processes, | Determine the work
Q Batch Sizes (1 = 60 -120 Minutes) work stations, etc. associated with batches
0 Used (2 = 30 -60 Minutes) (3 =15-30 represent WIP and according to work Floor
5 Minutes) wastes due to extra standards, process
g (4 = More Than One-Piece - 15 handling, movement, times, etc.
Minutes) motion, etc.
(5 = One-Piece Flow)
What quantities are used to move
material, items, parts, etc. between
processes? Large batches increase
(0 = Unknown, Large inventory, waste, lead | Observe material
Material Batches/Quantities) times, hide problems, | handling and movemen Floor
Handling (1 =Multiple Unit Loads) cover inefficiencies, and quantities between
(2 = Single Unit Load) reduce process processes.
(3 = Multiple Small Batches/Totes)| stabilization.
(4 = Small Batch/Tote) (5 = Single
Piece)
Batch Sizes
The overall amount of WIP present
in standard hours of work waiting to WIP represents .
. . Examine overall WIP
Overall be processed in an area. inventory ar_1d the and compare to standard
WIP (0 = Unknown, > 8 Hours) corresponding wastes hours of work to be Floor
(1 =4-8Hours) (2 =24 Hours) due to opportunity costsg, rocessed
(3=1-2Hours) (4 =0.5%Hours) | handling, motion, etc. P )
(5 =< 0.5 Hours)
a Buffering between
= The amount of WIP present in external functions can
standard hours of work waiting to behelp level flow and
External processed as a buffer between protects against proces$ Examine external
Function functions. variation in small function WIP in Floor
WIP (0 = Unknown, > 8 Hours) quantities when standard hours of work
(1 =4 -8Hours) (2 =24 Hours) managed by pull to be processed.
(3=1-2Hours) (4 =0.5%Hours) | systems, but large
(5 =< 0.5 Hours) guantities encourage
numerous wastes.
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Item Evaluation Point Purpose Methodology Where?
Buffering between
The amount of WIP present in internal processes can
standard hours of work waiting to behelp level flow and
Internal processed as a buffer between protects against process Examine internal
Process processes. variation in small process WIP in standard Floor
WIP (0 = Unknown, > 8 Hours) quantities when hours of work to be
(1 =4-8Hours) (2 =24 Hours) managed by pull processed.
(3=1-2Hours) (4 =0.5%Hours) | systems, but large
(5 =< 0.5 Hours) guantities encourage
numerous wastes.
The amount of staging devoted to | WIP staging indicates
WIP holding inventory waiting to be the amount of WIP Determine the amount
processed. (éssociated with of space associated with
WIP = Unknown, > 4 Staging Lanes) processes and indicates WIP staging used for Floor
Staging (1 =3 - 4 Staging Lanes) (2 =2 - 3 the amount of space holding inventory
Staging Lanes) (3 =1 -2 Staging | required for material between processes,
Lanes) (4 =0.5 - 1 Staging Lanes)| waiting for the next functions, etc.
(5 =< 0.5 Staging Lanes) process.
The number of staging processes and
intermediate queuing used to move The number of times
material through a given function of material is moved and .
; Determine the number
operation. staged represents the of times material is
Staging (0 = Unknown, Staged 5+ Times) | number of times o
B - _ S staged as it is moved Floor
Processes | (1 = Staged 4 Times) (2 = Staged B material is picked up, .
. _ through functions or
Times) (3= | moved, set down, etc. operations
Staged 2 Times) (4 = Staged 1 increasing wasted P )
Time) (3 motion, movement, etc.
= Not Staged)
The total amount of time items The cumulative amount| Determine the amount
spend waiting to be processed ; . X - .
. . of time material spends| of time associated with
between functions, operations, etc.| . - ; - L
- in staging is entirely material as it is staged
We.utlng as WiP. non-value-added waiting for the next Floor
Time (0 = Unknown, > 8 Hours)

(1 =4-8Hours) (2 =24 Hours)
(3=1-2Hours) (4 =0.51Hours)

increasing order
fulfillment, processing,
etc. lead time.

(5 =< 0.5 Hours)

process between
functions and
operations.

WIP
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(3=3Times) (4 =4 Times)
(5 =5+ Times)

functions to maintain
leveled flow and leveled
output.

balancing processes,
operations, functions,
etc. and discuss with

personnel.

Item Evaluation Point Purpose Methodology Where?
Is there a kanban system developed
to trigger production, pro_cessmg, Determine if kanban
etc.? (0 = No, therg Kanban systems manage
) . systems are used to
is not a kanban system.) WIP levels and provide | .-
_ . trigger process and
Kanban (1 = Yes, some processes have a | the mechanism for ial i d |
System kanban system that trigger triggering processes ang material flow an Floor
y . . movement within and
production, etc.) ensuring the pull )
between functions,
(2 = Yes, most processes have a | system. A
> processes, operations.
kanban system that trigger
production, etc.)
Compare the kanban
The amount of work triggered by theThe amount of work the pull signal a_md
%) - . - X corresponding batch
S kanban system for a given operatig kanban signals directly | .
J] _ . size for processes
3 Kanban (0 = None/Unknown, > 8 Hours) impacts the amount of against work standards|  Floor
& Inventory (1 =4-8Hours) (2=24Hours) | WIP inventory level in 9
- B : to assess the amount o
c (3=1-2Hours) (4 =0.5%Hours) | the system at any given .
@ _ - work triggered through
Q (5 =< 0.5 Hours) time.
S the pull system
¥ operations.
The kanban system is regularly used
and manages inventory levels,
production, etc.? Usage and integrity of | Determine if the kanban
(0 = No, there is not a kanban the kanban system systems is rigorously
system.) ensures that pull and consistently used tq
Usage (1 = Yes, the kanban system is systems and WIP manage WIP inventory | Floor
regularly used for some of the inventory levels are and as the pull signal for
processes.) maintained at the pre- | processes, operations,
(2 = Yes, the kanban system is specified levels. and functions.
regularly used for most of the
processes)
Kanban Systems
The amount of time to change fron] Managing process
process to process, operation to shifts, changeovers, etc, Watch changeover times
operation, etc.? enhances the associated with shifts in
Change (0 = Unknown, > 2 Hours) responsiveness to functions, etc. and
Timeg (1=1-2Hours) (2=20-60 changes in customer discuss the time Floor
_ Minutes) demand and reduces theassociated with shifting
o (3=10-20 minutes) (4=5-10 | amount of WIP manpower, equipment,
2 Minutes) inventory necessary to | etc. with personnel.
=3 (5 = <5 Minutes) manage variability.
8 Watch functions,
5 .
X The amount of times that processes Ba]ancmg processes process control bpards,
© daily as variation and | manpower planning, eta.
5 are balanced and changeovers ma| roblems are to determine the
© Process (0= Unknown, None) gncountered allows responsiveness in Floor
Balancing | (1=1Time) (2 =2 Times) P

Quick Changeover
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(3=3Times) (4 =4 Times)
(5 =5+ Times)

facility, department,
function, etc.

turned over, queues are

filled and processed, etc¢.

Item Evaluation Point Purpose Methodology Where?
The amount of lead time associated TPoeccleesasciintm;?lgfoct);z?r Process lead time is the
with processes from start to finish. P 9 amount of time
= Unk processes illustrates the iated with all th
Lead Time (0= Unknown, > &ours) amount of time assoma;e with all the Floor
(1 =4-8Hours) (2 =24 Hours) associated with value- | Processing, movement,
=y (3=1-2Hours) (4 =0.5%Hours) staging, etc. from start
£ _ added and non-value- o .
< (5 =< 0.5 Hours) . to finish of an operation
e added activities.
S
o - -
E The amount of lead time associated !lzlunctlon Iear(]j t;]me ion lead time is the
- with function processes from start fo'lustrates whic Function lead time is the
E finish ©= processes are amount of time
@ | Department Unkn6wn > 8 Hours) "| responsible for added | associated with all the Floor
Lead Time (1=4-8 ’Hours) (2 = 24 Hours) lead time and where the processes within each
(3=1-2 Hours) (4 = 0.5% Hours) potential leverage points function from start to
5 B < 0.5 Hours) - may be for finish of all operations.
e improvements.
Lead Time Tracking
Inventory turnover
The number of annual inventory indicates how much
- . . Annual sales volume
turns. (0 = Unknown,| inventory exists on versus average annual
Inventory Less Than One) material and how inventor volgme Office
Turns (1 =1Time) (2 = 2 Times) quickly facility stock is determir?/es annual & Floor
(3=3Times) (4 =4 Times) being worked through inventory turmns
g (5 = 5+ Times) and shipped to fulfill y '
= customer orders, etc.
P
o
c The number oflaily WIP turns Daily WIP turnover Daily WIP turnover can
% (0 = Unknown Le)és Than Oné) indicates how quickly | be determined by
= | WIP Tumns (1 B 1 Time) (’2 = 2 Times) material is being assessing the number gf Office
B - processed through the | times the docks are & Floor

Inventory Turns
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attempted.)

(1 = Some customers sell one, buy
one.)

(2 = Most customers sell one, buy

inventory, movement,
etc. by aggregating
customer demand
variation.

one.)

appropriate personnel,
and observe ordering
practices.

Item Evaluation Point Purpose Methodology Where?
Customer orders are placed,
accepted, processed, etc. over whatOrdering frequency .
. : . Examine and observe
time span basis? allows for Just-In-Time material orderin
(0 = Unknown, Larger Than Weekly delivery of materials to . 9 '
; _ o policies & practices, Office
Frequency | Basis) (1 = Each Weel minimize wastes of discuss with aporopriate & Floor
(2 = Multiple Times/Week) inventory, motion, ersonnel ang?)bsF:erve
(3 = Each Day) (4 = Multiple movement, and P . P
. ) ordering practices.
Times/Day) opportunity costs.
(5 = Hourly Basis)
Order frequency balgnces orderlng: There is a balance
setup, and opportunity costs versus .
. o between added holding .
added space, handling, truck filling . Examine and observe
. costs, opportunity cost, . :
> and movement requirements. . material ordering
) _ . handling costs, etc. and L . .
S | EOQ versus | (0 = Unknown, Balance is not ordering costs, setup policies & practices, Office
= Space attempted.) costs. etc. to b’e discuss with appropriate & Floor
o (1 = Some orders placed w/ cost balan’ced .to minimize personnel, and observe
L balance.) wastes and ensure ordering practices.
3 (2 = Usually orders placed w/ cost -
= availability.
@) balance)
Customers are encouraged to place
orders on a "sell one, buy one" basisUsing final customer
and the benefits explained for sales activity as the pull- Examine and observe
leveling workload. system trigger levels customer ordering
(0 = Sell one, buy one approach is| internal system variation policies, practices, and )
Sell One Office
' | not utilized, explained, and/or with respect to ordering| incentives, discuss with
Buy One & Floor

Order Frequency
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Material Flow:

flow is regularly leveled within
some functions.)

(2 = Yes, daily material and work
flow is regularly leveled within
most functions.)

throughout the facility,
reducing WIP,
bottlenecks, inventory,
etc.

frequency. Examine
process control boards|
manpower planning,
etc.

ltem Evaluation Point Purpose Methodology Where?,
Simple visual mechanisms that
trigger material movement, Pull systems manage
processing, etc. from customer invenz)r levels 9 Examine processes and
demand are developed. reducin ythe wastes discuss production,
(0 = No, pull systems are not ng . process, movement
Pull System developed associated with WIP, ianals with il A
Development eveloped.) inventory, etc signals with personne oor
(1 = Yes, pull systems at some roducin ' and mavin to determine the
processes.) P cing 9| existence of pull
— material in accord with
» (2 = Yes, pull systems are customer demand systems.
g developed and mechanisms exist for )
17 most processes.)
%) Simple visual mechanisms that
= trigger material movement,
o processing, etc. from customer Using the oull svstem Examine processes and
demand are used regularly. 9 pull Syste discuss production,
_ ensures the associated
Pull System | (0 = No, pull systems are not used ) process, movement
_ benefits and waste . . Floor
Usage (1 = Yes, some pull systems are reductions are signals with personnel
used.) achieved to determine the usage
(2 = Yes, many pull systems are ' of the pull systems.
developed and mechanisms used
regularly.)
Pull Systems
Irse djg);lmlzt\?é:gldabngt\x/\lgéﬁ flow Leveling daily material | Analyze functional and
gularly and work flow departmental
functions/departments? larl h . :
(0 = No, material/work flow is not regularly ensures that | ‘interaction to .
Ieveled,) material movement and understand material
Betwgen (1 = Yes, daily material and work work is balancgd and quk flow Floor
Functions flow i between functions balancing frequency.
ow is regularly leveled between . -
some functions.) throughout the facility, | Examine process
=< _ L . reducing WIP, control boards,
o (2 = Yes, daily material and work . .
= flow is regularly leveled between bottlenecks, inventory, | manpower planning,
°§ most functions.) etc. etc.
o Is daily material and work flow Levelina daily material
L regularly leveled within each 9 Y Analyze individual
= . and work flow !
@ function/department? reqularly ensures that function and
g (0 = No, material/work flow is not guiarly department material
D material movement ang
| - leveled.) . .. ] and work flow
Within - . . work is balanced within .
. (1 = Yes, daily material and work . balancing process and| Floor
Functions each function

Leveled Flow & Work
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Item Evaluation Point Purpose Methodology Where?
Individual function & process Using EIEO Examine work
scheduling of daily work are 9 ;
planned on &IFO basis? methodology for scheduling processes
(0 = No, scheduling is nbt FIFO managing and for .dg!ly work
FIFO based )’ scheduling processes | activities for each
. . . and functions enhances function and process tq
Planning & | (1 = Yes, some scheduling, X L Floor
Scheduling | planning, ordering, etc. is managedl responsiveness rates | determine if there are
on a FFFd basis.) T and reduces the processes to ensure
(2 = Yes, most échedulin likelihood for potential | FIFO is maintained and
lannin ' ordering. etc isgr'nana ejtiming errors, that those processes afe
gn a F”g’o basis )g ) 9 problems, etc. used.
Material flow is managed on a Examine material flow
"First In, First Out" FIFO basis? h
(0 = No, FIFO material flow is not FIFO methodology processes to determine
o FIEO used.) ! maximizes process if processes exist and
L Processes | (1 = \.(es some material flow is responsiveness, order | are used to ensure Floor
w managetlj on a FIFO basis.) fulfillment, availability, | material is moved
(2 = Yes, most material flow is etc. tmh;?#t%?n?goclflisgs
managed on a FIFO basis.) 9 '
Are there visual controls, process Examine areas for
controls, etc. to ensure FIFO is he visual | isual |
maintained? The visual controls, visual controls, S_OPs,
(0 = No ro.cess exists to ensure | PrOcess controls, etc. | and actual operations
Maintainin FIF_O ) P are the mechanisms for process controls
FIFO 9 (1= \.(es there are some rocessesthat ensure FIFO is that ensure FIFO is Floor
to ensuré FIFO is maintair?ed ) maintained in each maintained. Cones,
_ . ' function and indicator lights, etc.
(2 = Yes, most operations have
processés to enspure FIFO is throughout the facility. | may be used to manage
maintained.) FIFO.
FIFO
Is the facility layout based on Lo
grouping similar items and Grouping similar items gg:ﬁ:\mlgeeiaghdeolo
inventory types together in zones | allows for better Iocatiogn i dentificatigﬁl
Facility within thewarehouse? planning of work, ete. arouns the !
Layout by (0 = No, the facility layout does not standardized work units wafeghouge into similar IC &
Zone & group similar items into zones in theand processes, ; e Floor
. ; . items and zones within
Type warehouse.) equipment isolation, the warehouse. Mav be
& (1 = Yes, the facility layout groups| racking configurations, visible on floor -or iny
é similar items into zones in the worker movement, etc. WMS logic
o~ warehouse.) gic.
§ Is thg facility layout based on Placing the fastest Examine facility
2 placing faster movers closer to moving items in the layout, WMS logic
S shipping areas, closer to travel ng yout, > 10gic,
- . S . locations closest to and/or slottin
aisles, and in midevel locations? hippi | hodol 9
Location (0 = No, the facility layout does no shipping areas, .trave metho lology to. IC &
aisles, and in mid-level| determine location
Layout place faster movers closer to | - C identificati Floor
shipping, etc.) ocations minimizes identification .
(1= Yes’ the. facility layout places travel, motion, etc. parameters for velocity],
faster movers closer to shipping, required for picking, Sﬁles, etc_. .
aisles, etc.) put-away, etc. characteristics.
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60 - 80) (5 = > 80)

departmental targets.

Iltem Evaluation Point Purpose Methodology Where?,
Are individual process layouts
based on grouping similar items, | Individual process Visually examine
faster movers, etc. closer to their | layouts should be individual floor
intended final destination reducing| determined to enhance| processes and
Department movement, motion, travel, etc.? material flow, work operations to determing
If)a out (0 = Process layouts do not enhangcdow, worker the extent to which Floor
y flow.) movement, etc. to material and work flow
(1 = Some process layouts enhangeminimize wastes due tg grouped to minimize
flow.) movement, motion, travel, movement,
(2 = Most process layouts enhance travel, etc. motion, etc.
flow.)
Layout & Zones
Is there logic for determining
§peC|f|c inventory locations for Initial §Iottlng practices Examine WMS logic of
items based on sales, velocity, place items into )
AR : ) slotting methodology
. classifications, etc.? optimal locations based . .
Initial — . - - . 8 to determine location
. (0 = No, there is not any specific | on various dimensions| . e IC &
Velocity logi Z . o identification
: ogic for slotting items into to minimize travel, . Floor
Slotting . : . parameters for velocity},
inventory locations.) motion, movement, etc
= X - . . sales, etc.
(1 = Yes, there is specific logic for| for picking, put-away, -
LT oo f characteristics.
slotting items into inventory etc. operations.
locations.)
Is th_ere an_mventory Maintaining slotting of | Examine inventory
slotting/maintenance plan to . - L . )
=% - .| inventory ensures items control daily slotting
= manage inventory changes, slotting S . .
B - o Yemain in optimal and inventory
= locations, consolidation, etc.? configuration maintenance plan to
N Slotting (0 = No maintenance plan exists.) 9y ' . P IC &
3 Maintenance | (1 = Yes, there is an plan to mana Jé:onsolldated, etc. as | determine the extent tg Floor
2 ’ o parts move through which inventory
S some of the changing inventory . . .
o ) ) sales life cycles, integrity can be made
= dimensions.) .
Q _ . .| demand changes, and | for location placement,
> (2 = Yes, there is a comprehensive -
other changes. quantities, etc.
plan.)
What number of top movers are in Examine inventory
premium locations to minmize The velocity slotting control functions,
To Velocit travel distance, etc.? moves must be boards, etc. to
IF\)/Iovers y (0 = Unknown, no velocity moves | performed regularly to | determine if daily IC &
Location made.) maintain the optimal slotting moves are Floor
(1=<20) (2=20-40) (3=40- | inventory being made and
60) %4 | configuration. compare against

Velocity & Slotting
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mechanisms.)
(1 = Yes, the cells provide material

are reduced.

flow management mechanisms.)

material movement
through processes.

Item Evaluation Point Purpose Methodology Where?
Do individual functions/processes
material flow minimize material Minimizing material . .
. . Examine material flow
travel distance? travel distance for ;
. . SO . and the corresponding
(0 = No flow and travel is not individual functions .
. A travel distance
Function minimized.) and processes reduceg . .
. _ . -~ associated with each
Material (1 = Yes, some functions and the amount of material : Floor
X . function and process tq
Movement | processes material flow travel flow wasted motion, .
. oo determine the extent tq
distance is minimized.) movement, travel, etc. : )
- . . . which travel is
(2 = Yes, most functions and in each function and L
) minimized.
processes material flow travel process.
distance is minimized.)
Do individual functions/processes
material flow minimize worker Minimizing worker
5] travel distance? travel distance for .
e a . S . Examine worker travel
< (0 = No, flow and travel is not individual functions ; .
= . - distance with the
0 Function minimized.) and processes reduces . .
a _ . corresponding material IC &
- Personnel | (1 = Yes, some functions and the amount of worker :
[} ; . flow to determine the Floor
> Movement | processes material flow travel wasted motion, .
@ di o extent to which travel
= istance is minimized.) movement, travel, etc. is minimized
(2 = Yes, most functions and in each function and ’
processes material flow travel process.
distance is minimized.)
. Using serpentine travel
Does th_e WMS _plcklng, put-away, paths in conjunction Examine WMS logic
etc. logic minimize travel distance | - .
; . with velocity slotting and travel path
using serpentine paths, etc.? L A
_ RN procedures minimizes | determination
. (0 = No, WMS does not minimize .
WMS Logic ; - travel distance for methodology to Floor
travel distance or is not used.) o .
- S picking, put-away, etc. | determine the travel
(1 = Yes, WMS minimizes travel s ) . ;
: . Additionally, motion distances associated
distance for picking, put-away, :
etc..) and movement are with the travel paths.
" reduced.
Travel Distance
Are individual processes and .
. s Examine process
layouts organized into a cellular .
g Cellular structures layouts and operations
structure that leverages single and o : )
X ], maximize worker working to determine
multiple operators across functional - .
LE cross-training, the extent which
Cellular activities? S
- . minimize work travel, | cellular structures are
Work (0 = No, cellular structure is not ial | L diol inal Floor
Structure used.) material travel, waiting | used to leverage single
o AN .| time, staging, etc. for | operators across
5 (1 = Yes, some cellular structure ig . . .
z used.) items as they move mglpp!e func.tllons to
= N through processes. minimize waiting,
= (2 = Yes, most processes are
2] travel, etc.
= cellular.)
= Does the cellular structure provide
© material flow management by Watch and discuss wit
@) . . -
leveraging kanbans, pull systems,| The material flow workers the material
Material one/small batch flow, etc.? through the cell ensures flow through cells and
Flow (0 = No, the cells do not provide | WIP, inventory, the management Floor
Management | material flow management waiting, staging, etc. mechanism that trigge
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done.)
(2 = Yes, many demand leveling

mechanisms are used.)

requirements and
corresponding

planning.

activities for inbound,
outbound, VAS, etc.
daily/weekly output.

Iltem Evaluation Point Purpose Methodology Where?,
Can the cells be expanded, .
. | Expansion and .
contracted, or leveraged depending . Examine manpower
contraction of work . .
on demand, work, and process planning, adjustments,
; . cells ensures that A
requirements daily? movement, etc. as dail
T . manpower, processes, S
Manpower | (0 = No, cells do not provide activities are planned,
and work flow are . Floor
Management | manpower management and . adjusted, and balanceq
: ; leveled, that capacity
balancing mechanisms.) to meet customer
- > equals demand, and
(1 = Yes, cells provide manpower . .| demand and level work
; that responsiveness is -
management and balancing ; and material flow.
. attained.
mechanisms.)
Does the cellular structure manage
work flow in a manner that Assess cellular
minimizes material travel, worker structure and watch
) The cell structure -
motion, worker travel, etc.? . - .. | material, worker, and
_ design should minimize .
(0 = No, the cellular structure does . equipment movement
Work Flow L worker travel, material Floor
not adequately minimize travel, . through work cells to
h travel, motion,
motion, etc.) movement. etc assess the amount of
(1 = Yes, the cellular structure does ! ’ motion, movement,
not adequately minimize travel, travel, etc.
motion, etc.)
Cellular Structure
Are there facility mechanisms to | Leveling facility Watch and discuss
level demand and/or manage demand reduces work : A
: i - - planning activities,
manpower requirements across daysequirement variation, . -
. . - ordering practices, etc.
Facility and weeks? enhancing planning and . )
. . h - with personnel to Office
Demand (0 = No demand leveling reducing requirements .
; h . . determine the extent and
Leveling mechanisms exist.) for inventory safety :
. _ L . that demand is leveled| Floor
< | Mechanisms | (1 = Yes, some demand leveling i stock. Plan big -
S . across facility
= done.) outbound days with >
< _ . X activities, between
N (2 = Yes, many demand leveling | small inbound days, .
= . inbound, outbound, etq.
a mechanisms are used.) etc.
< - - —
&4 Are there functional mechanisms tp Leveling internal .
. Watch and discuss
° level demand and/or manage process and function . s
c : i functional activities
] manpower requirements across daydemand reduces work with personnel to
g Function and weeks? requirement variation pe! )
8 ~ . determine the extent Office
Demand (0 = No demand leveling between days, weeks, .
. h ! L that demand is leveled| and
Leveling mechanisms exist.) etc. within inbound, within functional Floor
Mechanisms | (1 = Yes, some demand leveling i outbound, VAS, daily

Demand Stabilization
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done/unknown.)
(1 =<20%) (2 =20%40%)
(3 = 40% - 60%) (4 = 60%80%)

opportunity to cross-
dock material.

(5=>80%)

shipped against parts
being received versus
actual cross-docking

numbers.

Item Evaluation Point Purpose Methodology Where?
Items that are cross-docked are Examine cross-docking
moved, staged, wait a minimal Cross-docking area, procedures, SORs,
amount of times. eliminates put-away, | and discuss with
Cross- (0 = No, cross-docked items are notstorage, and picking personnel to determing
Docking minimally moved, staged, and/or | activities, as well as IC| the cross-docking Floor
Process wait.) activities and all the process effectiveness
(1 = Yes, cross-docked items are | waste associated with | and corresponding
minimally moved, staged, and/or | each. staging and waiting
wait.) times for items.
The items that are to be cross-
docked are placed into adequate . .
) 4 o Cross-docking staging . .
staging, clearly identifiable, ; = Examine cross-docking
=y . needs to be identifiable,
£ marked, etc. for shipment. area, procedures, SORs,
= Cross- _ - N adequately marked, etg. ; .
O . (0 = No, cross-docking staging is .~ [ and discuss with
o Docking . to ensure that material . Floor
a . not properly visually marked, ; personnel to determing
P Staging . e is properly located and ) .
@ identifiable, etc.) . - the staging visual
a . . . .| is shipped to the prope
2 (1 = Yes, cross-docking staging is s management adequacy.
O ; destination.
properly visually marked,
identifiable, etc.)
What percentage of actual daily Examine cross-docking
shipping activities are cross-docked . opportunities against
. - Maximum value can be .
versus potential receiving cross- . actual cross-docking
. o achieved from cross- .
Percentage docking opportunities? docking all material for achievements by cross
ag (0 = Cross-docking is not CKINg - referencing parts being Floor
of Business which there is an

Cross-Docking
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Continuous Improvement:

work practices, SOPs, training,
and culture.

productivity, quality,
performance, and work

(0=No) (1 =Yes)

interviewing affected
personnel, supervisors

practices..

and manager.

Item Evaluation Point Purpose Methodology Where?
A six-month lean To plan facility, l/reegftli%antlonog;;he and
implementation project plan for | functional, and commuﬁigation%f Six-
the facility and each functional | departmental lean month lean plan and
area organized by priority, project implementation action itemsp Lean
potential impact, and perceived| and process rioritization Tracking
benefits has been created, with| improvement, capture Seliverables’ Area &
the baseline data collected, initinlbaseline data, determineback round ,data Floor
data analysis performed, and | actual improvements to anal gsis and inbut
improvement targets set. be made, and estimate ath)(;rec’i from P
(0=No) (1 =Yes) potential benefits. 9
personnel.
The initial actions have
The actions required to . peen taken to
. . To physically make the | implement the lean Lean
implement the lean project plan . .
e changes, execute the | plan and appropriately| Tracking
have been made, action items ; )
completed. etc (‘0 - No) (1= plan, and implement the documented, which can Area &
Demina Cvcle: Yes)p P AT ~ | project. be verified from work Floor
emlglg ycle: area and project plan
D?)n tracking.
Check The improvement outcomes and View formal
Act expectations have been To check and study the| documentation of
compared on performance, results of the changes tp changes via A3s, etc. Lean
< productivity, and/or quality, with| identify additional illustrating before and Trackin
8 feedback gathered from affected improvements and after comparisons, Area &g
o customers, employees, and/or | changes to achieve capturing progress, and Floor
functions, and further project goals and documentation of any
refinements determined. success. applicable feedback
(0 =No) (1 =Yes) gathered.
A sustainment plan with Qeseunsgaé?gg?;géigrhas’
milestones, corrective actions, | Take additional actions roiect actions
training, rollout, etc. has been | to improve the project, ﬁwikjestones trainin Lean
developed. The lessons learned plan additional projects rollout etc’ The 9 Trackin
and best practices have been | and next steps, Iesson’s Ieérne d and Area &g
communicated internally and standardize the process, best practices have Floor
externally. The next steps and | and share the results beenpshare d. The nex
projects have been determined.| within the organization. "
(0= No) (1= Yes) steps and actions
B - outlined.
Projects and corresponding Ensure improvements, | Verification of
benefits have been sustained | projects, and changes in sustainment by
over the long-term. The changeswork practices are checking areas where
Improvement | in work practices have been sustained long-term to | projects were Floor &
Sustainment | indoctrinated into the standard | prevent slippage in implemented, Office

PDCA
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80%)
(5 = >80%)

and worker relations
and program success

and usefulness.

Item Evaluation Point Purpose Methodology Where?
The number of formal annual
Kaizen events conducted at the
facility. (0 = None)
(2 =1 or 2 Annual Kaizen The frequency of formal Obgerved from lean
. . project plan, formal )
Events.) Kaizen events illustrate documentation. and Office,
(2 = 3 or 4 Annual Kaizen the level of facility . ' Lean
. informal .
Frequency Events.) commitment to lean communication with Tracking
(3 =5 or 6 Annual Kaizen implementation and Area, &
) employees,
Events.) continuous : Floor
- . h supervisors, and
1% (4 =7 or 8 Annual Kaizen improvement.
= Events.) manager.
(] .
o (5 = 9 or 10 Annual Kaizen
S Events.)
.% The number of formal annual | The level of success
N2 Kaizen events providing garnered from Kaizen | Observed from lean
significant improvement to the | events illustrates the project plan, formal )
- L : Office,
facility or department w/ potential impact of lean| documentation, and Lean
outcomes sustained results. (0 = None) (1 improvements, the leve| informal Trackin
=1 to 2 Kaizen Events.) of organizational communication with Area &g
(2 =3 or 4 Kaizen Events.) (3 3 support, and the employees, Floér
5 or 6 Kaizen Events.) (4 =7 or importance of supervisors, and
8 Kaizen Events.) (5 =9 or 10| continuous managetr.
Kaizen Events.) improvement.
Kaizen Events
To encourage and
A process is developed and reward employee
Existence of implemented to formally capture, participation in the lean
Suagestion and track, recognize, and reward implementation and Sugaestion proaram
99 implemented continuous continuous ggestion prog Office
Reward . - . . verification.
Proarams improvement ideas provided by| improvement process a
9 employees. formal program with
(0=No) (1 =Yes) incentives should be in
place.
(2]
c
5 The p.ercent of employees who The usage of the
7 submit formal employee
o . program gages the level
3 Frequency of suggestions annually. of involvement and .
2 (0 =None) (1=<20%) (2= . | Suggestion program )
%) Employee 20% -40% engage of employees in tracking dat Office
o Suggestions 6 -40%) the lean implementatior racking data.
o (3=40% - 60%) (4 =60% - .
3 80%) gnd continuous
L%. (5 = >80%) improvement program.
The validity of
The implementation rate for employee suggestions
formally submitted employee and perceived
Implementation | suggestions. (0 =usefulness of
Rate for None) (1 =<20%) (2 =20% - | management to Suggestion program )
. . g Office
Employee 40%) implement suggestions| tracking data.
Suggestions | (3 =40% - 60%) (4 = 60% - enlightens management
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Very Little)
= Somewhat)
(4 =To A Great Extent) (5=

(2 = Little) (3

prioritizing
improvements, and
leveling work flow

Completely)

within functions.

their relative impact on
overall facility
performance.

Item Evaluation Point Purpose Methodology Where?
The level of organizational
involvement when analyzing
suggestions for adoption, and | Empowering workers to
implementation during the make decisions about
Employee continuous improvement work practices and the
Suggestlo.n decns,lqn malflng process_ and | participative nature of Suggestion program .
Implementation | analysis. (0 = None) (1= management worker 4 Office
- - . tracking data.
Decision Corporate) (2 relations enhances job
Making Team | = Facility Manager) (3 = satisfaction, enriches
Supervisors) work, and illustrates
(4 = Facility Manager & trust in people.
Supervisors) (4
= Management and Associates
Employee Suggestions |
Manager understands
Manager understands the impagctthe facility —
e i h . Subjective assessment
Manager of individual functions and interdependencies, of manager's
9 departments on overall facility | operations, and work ger
Understand . . - understanding of
] performance and improvement.| units and their impact | .
Function _ o interdependency of )
Impacts on (0= None) on overall facility facility functions and Office
Overgll Facilit (1=Very Little) (2 = Little) performance to their E/elative impact on
Y | (3= Somewhat) (4 = To A Greatprioritize improvements /e Imp
Goals overall facility
Extent) and plan lean erformance
(5 = Completely) implementation and P '
sustainment.
Manager undgrstands the |mpa:tUnderstanding the
of various actions and . —
. s interdependency of the | Subjective assessment
interdependency of individual . : .
- work functions is of manager's
functions and departments on | . - .
o instrumental in understanding of
. overall facility performance and . .
Manager 's . _ manpower planning, interdependency of )
. improvement. (0= S " : Office
= Systems View - . _ prioritizing facility functions and
o None) (1 =Very Little) (2 = H d heir relative |
S Little) :mprlc.)verf'ne.rll.ts, an ; their rl??tl\(I? impact on
E (3 = Somewhat) (4= To A Greatffve mgh.am |t)é worl ovefra acility
S Extent) ow within anc performance.
® _ between functions.
& (5 = Completely)
= Supervisor understands
g Supervisor understands the the function —
3 ; A X h . Subjective assessment
& Supervisor impact of individual functions interdependencies, of SUDEIVISOr'S
3 P and departments on overall operations, and work P .
c Understand - ; - understanding of
S . facility performance and units and their impact | .
Function . = o interdependency of )
Impacts on improvement. (0 = None) on overall facility facility functions and Office
Overgll Facilit (1=Very Little) (2 = Little) performance to their E/elative impact on
Y | (3= Somewhat) (4 = To A Greatprioritize improvements /e Imp
Goals overall facility
Extent) and plan lean erformance
(5 = Completely) implementation and P )
sustainment.
Supervisor understands the Understanding the
impact of various actions and | interdependency within| Subjective assessment
interdependency of individual | and between work of supervisor's
functions and departments on | functions is understanding of
Supervisor's overall facility performance and| instrumental in interdependency of )
. ) = _ . - . Office
System View | improvement. (0 = None) (1 = | manpower planning, facility functions and

Understand Systems View
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(4 =4 Suppliers) (5 =5+
Suppliers)

potential duplication of
work and processes.

specifications.

Item Evaluation Point Purpose Methodology Where?
Is there a PM plan for machines Preventative
(0 =None) (1 =PM Plan Exist§ maintenance plans helps
(2 = Daily PM Checklists ensure machines are Observed. through
_ . preventative Lean
Posted) (3= available when needed maintenance Trackin
Machines Daily PM Checklists Completed| unexpected breakdowns 9
o - : procedures, shop-floor| Area and
o Regularly) (4 = Common are infrequent, and that .
c . . . checklists, and Floor
S Problem Capture Mechanism | machines are in lanning schedules
Q Exists) (5 = Common Problemg acceptable operating P 9 )
.% Root Causes Are Solved) condition.
% Is th_ere a F;M plan for Preventative
2 equipment: . maintenance plans helps
T (0 =None) (1 =PM Plan Existg ensure equioment is Observed through
c (2 = Daily PM Checklists . quip preventative Lean
® d _| available when needed . i
g Equipment Pogte ) . (37 unexpected breakdowns maintenance Tracking
a Daily PM Checklists Completed ; procedures, shop-floor| Area and
i are infrequent, and that .
Regularly) (4 = Common equipment is in checklists, and Floor
Problem Capture Mechanism agcep table operatin planning schedules.
Exists) (5 = Common Problems condﬁion P 9
Root Causes Are Solved) '
Preventative Maintenance
Inbound and Outbound parts arg f%?;irlvggct:]r:]c:aun%gtion
sequenced and pre-sorted to The amount of material of sortation
minimize handling. handling, material requirements and Lean
Trailer Staging | (0 = N/A) (1 =<20%, Seldom) | sortation, and potential d . . Tracking
standardized stagin
Status (2 = 20%40%, Occasionally) for errors can be rocesses and 99 | Area and
5 (3 = 40% - 60%About Half) reduced by leveraging goordination with Floor
= (4 = 60% -80%, Usually) pre-sorted materials. Inbound Supoli d
> (5 = >80%, Always) NDoUNd SUppliers an
Q ' Outbound Customers.
= The number of suppliers workec .
o with to enhance inter- The more suppliers that
=3 L . are worked with the Observed through
o organizational cooperation. . . . Lean
S Suppliers (0 = None) (1 = 1 Supplier) better the _rela_tlonshlps for_mal documentation Tracking
”n ; _ ) a ’ and coordination across of improvement
Worked With (2 =2 Suppliers) (3=3 P . ) Area and
. organizations, reducing| projects and process
Suppliers) Floor

Supplier Integration
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= Completely, All Employees)

Item Evaluation Point Purpose Methodology Where?
Statistical Process Control
Training and activities have beenincrease the tools in the
completed by: lean toolbox for
(0 =None) (1 = Use Corporate| identifying problems Lean
Facilitator) (2 and solutions. Observed from Lean | Trackin
SPC Training | = Singlelndividual, Novice) Additionally, providing - 9
o o . Training Board. Area and
(3 = Single Individual, an increased Floor
Intermediate) understanding of
(4 = Single Individual, Mastery) | process variation and its
(5 = Multiple Individuals, effects on work.
O Various levels)
o Statistical Process Control usag
o (0 = None)
e The level of manager,
(1 = Single w/ corporate .
. supervisor, and
facilitator.) (2 ! .
_ ' employee involvement | Observed from project| Lean
= Multiple w/ corporatesupport.) il h imol X Tracki
SPC Tools Used| (3 = Single occurrence llustrates the implementation racking
importance of documentation and Area and
autonomously.) d ding initiatives leted action i |
(4 = Multiple occurrences un(]lerstfi(mI ing mn;latlve 5 completed action items.  Floor
autonomously.) sgriotss,etgor;sss 0
(5 = Assist and facilitate other '
facilities.)
SPC
Technology solutions used for
problem resolution simplify Appropriate use of
processes and reduce technology takes Subjective observation Lean
Integration of redundancy. advantage of of simplifying Tracking
Technolo (0 = Not Utilized, Go to next automation when processes and reducin_:]Area and
- 9y Construct & Score next applicable, reducing thg redundancy with Floor
S Evaluation Point as Zero.) work to be performed | technology solutions.
g_ (1=Yes Utll!zed, P_roqeed to manually.
= next Evaluation Point in Item.)
o "
uw Technology and equipment
3 solutions are easily learned and
= used. (0 = None) 1E
% User Very Little, Technical Skills Technology solutions | Subjective observation Lean
£ Friendliness of Required) (2 = Little, Some are easy to use, of technology solutions Trackin
] Technoloay and Technical Skills Required) consequently increasing and assessment of skil Area an%
= Equi mgeynt (3 = Somewhat, Management | the likelihood that they | level required for Floor
quip Required) (4 will be used. applicable resolutions.
= To A Great Extent, Team
Lead) 5

Technology & Equipment
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APPENDIX B:
LEAN IMPLEMENTATION ASSESSMENT TOOL OUTPUT EXAMPLES
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Table 27:

Scoring Summary Output

1 SOPs Standardizgd Comquity Common Progesses Trailer Loafiing Routing & Con;truct Standardized possible
Work/Planning Grouping Best Practice: & Unloading Travel Paths Weight Processe
Al 1.890 2.112 2.558 1.279 1.733 0.494 0.125 1.678 5.0
Standardized | A2 3.047 3.164 3.333 2.820 2.733 0.552 0.125 2.608 5.0
Processes | A3 3.949 4.094 4.612 4.612 3.616 4.244 0.125 4.188 5.0
Ad 4.486 4.486 5.000 5.000 4.267 4.840 0.125 4.680 5.0
> Safety & _Leav.:.lership Management Teamwork & Cross-Training Distance & Recognitior{ & | Communication | Absenteeism Con;truct People Possibld
Ergonomics Direction/Roles Style Empowerment MGMT Involve | Compensation Strategy & Turnover Weight
Al 1.468 1.650 1.483 2.645 1.575 1.575 5.000 2.122 1.23 0.125 2.083 5.0
People A2 3.343 3.079 2.983 3.895 3.393 3.393 5.000 3.750 2.864 0.125  3.522 5.0
A3 4.281 3.976 3.924 4.520 4.302 4.302 5.000 4.520 3.864 0.125 4.299 5.0
A4 4.782 4.540 4.517 4.855 4.789 4.789 5.000 4.855 4.51 0.125 4.738 5.0
5 Whys, Root Inspection & Error Proofin . Product & . . Construct ualit .
3 Causey& Pareto Autgnomation Methodologs Inventory Integrity Process Quality Quality Metrics Weight Agsurar):ce Possible
Al 3.270 0.000 0.000 1.444 1.733 1.027 0.125 1.246 5.0
Quality A2 3.895 2.500 2.143 2.277 2.733 1.860 0.125 2.568 5.0
Assurance | A3 4.520 4.419 3.953 3.847 3.616 3.333 0.125 3.948 5.0
A4 4.855 5.000 4.286 4.390 4.267 3.973 0.125 4.462 5.0
4 Va&;iitrzzam Proc;zzr(;;mtrol Metg(;séii:PI Lean Tracking Visual Controls | Andon System§] (A3g{g);oenl;’age C\(,Jvnesig;:ft Mié?earlnent Possible
Al 2.126 0.657 1.860 2.264 0.000 0.000 1.733 0.125 1.234 5.0
Visual A2 3.079 2.305 3.333 3.146 2.209 4.419 2.733 0.125 3.032 5.0
Management | A3 3.976 3.010 4.360 3.960 2.791 5.000 3.616 0.125 3.816 5.0
A4 4.540 4.521 4.806 4.501 4.709 5.000 4.267 0.125 4.621 5.0
Signage & . Supply & Material Point of Use ID Problem Construct Workplace .
5 58 ShadgowgBoards Cleanliness ppI\);IGMT Storage Parts Areas Weight Organir;ation Possible
Al 1.078 0.959 1.899 1.919 1.279 1.919 0.125 1.509 5.0
Workplace |A2 2.178 2.878 2.899 2.878 3.837 1.919 0.125 2.765 5.0
Organization | A3 3.178 3.750 3.822 3.750 4.012 2.500 0.125 3.502 5.0
Ad 4.357 4.709 4.434 4.709 4.787 4.419 0.125 4.569 5.0
6 Batch Sizes WIP 232:;: Quick Changeover L?;‘i;;:ge Inventory Turns Frgc:SZ:m) C\(,Jvnesigﬁft Lot Sizing Possible
Al 1.860 1.899 0.685 1.733 1.733 1.733 0.685 0.125 1.475 5.0
Lot Sizing A2 3.014 2.899 2.093 2.733 2.733 2.733 2.093 0.125 2.614 5.0
A3 3.944 3.822 2.778 3.616 3.616 3.616 2.778 0.125 3.453 5.0
Ad 4.709 4.434 4.057 4.267 4.267 4.267 4.057 0.125 4.294 5.0
Leveled Flow & Velocity & . Cellular Demand Cross- Construct . "
7 Pull Systems Work FIFO Layout & Zones Slottir):g Travel Distance| Structure Stabilization Docking Weight Material Flow | Possible
Al 0.930 0.959 0.145 0.276 0.182 1.116 1.488 0.930 2.12 0.125 0.906 5.0
Material Elow A2 1.919 3.169 2.500 3.169 2.355 3.000 3.302 2.500 3.40 0.125 2.813 5.0
A3 2.645 3.823 2.645 3.823 2.682 3.116 3.686 2.645 4.18 0.125  3.250 5.0
A4 4.564 4.564 4.709 4.782 3.786 4.651 4.453 4.564 4.56 0.125 4.516 5.0
8 PDCA Kaizen Events Employge Understapd System: Preyentative Suppligr spC Techhology & Con;truct Continuous possible
Suggestions View Maintenance Integration Equipment Weight Improvement
Al 5.000 2.233 1.983 1.733 1.733 1.733 1.733 2.694 0.125 2.355 5.0
Continuous | A2 5.000 3.233 2.983 2.733 2.733 2.733 2.733 3.527 0.125 3.209 5.0
Improvement | A3 5.000 4.233 3.924 3.616 3.616 2.733 3.616 4.360 0.125 3.998 5.0
Ad 5.000 4.767 4.517 4.267 4.267 4.267 4.267 4.806 0.125 4.520 5.0
Total Possible
Al 1.561 | 5.C
Facility Overall Lean AssessmentA2 | 2.891 | 5.C
A3 3.807 5.0
A4 4.550 5.0
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Lean Constructs:

Figure 15: Overall Lean Construct Score Graph illustrateevbell lean construct score
on multiple assessments over time with the different color kgenents representing various
assessments. Any potential deficiencies or points of succesgecalentified and leveraged
accordingly, with additional analysis of each lean construct aethidy evaluating the lean
constructs independently to further identify opportunities for improvement and pointce$suc

Specifically, Figure 15 illustrates growth over time betwesach of the fictitious
assessments. Furthermore, some of the inferences that candred&rom the first assessment,
dark blue, are that material flow and visual management werdetavoconstructs where the
facility had opportunity to improve. Conversely, the lean constructdistiraious improvement
and people were scored relatively high in comparison.

Overall Construct Score Graph

Standardized Processes

People

Continuous Improvement f _ Quality Assurance

Material Flow Visual Management

Lot Sizing Workplace Organization

[ty = A3 A4

Figure 15: Overall Lean Construct Score Graph
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Standardized Processes:

Figure 16: Standardized Processes Lean Construct Score Guapiatiés the scoring on
the standardized processes lean construct over multiple fictagaessments over time. On the
graph it can be seen that an opportunity for improvement in théwosassessments, dark blue
and pink, relates to the routing and travel paths methodology used whileprimaodity
grouping techniques are scored relatively high during those sagssiaEnts. Consequently, an
opportunity for improvement identified in the first two assessmentddibe routing and travel
paths methodologies. Using the corresponding evaluation points, facilisgpnpel can

determine strategies that will improve their operations at the shop-fladmet this regard.

Standardized Processes Score Gra

Total } Standardized Work/Planning
; \ e

Routing & Travel Paths & Commodity Grouping

Trailer Loading & Unloading Common Processes & Best Practices

[=t—p1 =g A3 A4]

Figure 16: Standardized Processes Lean Construct Score Graph
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People:

Figure 17: People Lean Construct Score Graph illustratectiimg on the people lean
construct over multiple fictitious assessments over time. Ogrth for the first assessment,
dark blue, it can be seen that there is an opportunity for improvemt first assessment on
all of the People dimensions with the exception of employee méamy and compensation
where the score was extremely high. This information mayitefgify a best practice at work
in the organization that can be shared for this lean practice, wdelgifying the other
opportunities for improvement with Safety and Ergonomics, Leadershgrtioin and Roles,
Management Style, Cross-Training, Teamwork and Empowerment, Haigtance and Daily
Involvement, Communication Strategy, and Absenteeism, Layoffs, and Turnover

People Score Graph

Safety & Ergonomics

Leadership Direction/Roles

. Management Style

Teamwork & Empowerment

Distance & MGMT Involve

[=t=—np1 =g A3 A4

Figure 17: People Lean Construct Score Graph
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Quality Assurance:

Figure 18: Quality Assurance Lean Construct Score Grapstriites the scoring on the
guality assurance lean construct over multiple fictitious ass&sts over time. On the graph for
the first assessment in dark blue, it can be seen that an oppoftunityprovement in the two
lean practices related to Inspection and Autonomation and Error ingyobfethodology.
Conversely, the score observed for Five Whys, Root Cause, arid Ragdysis was fairly high
indicating that the root-cause and identification procedures andhiadevelopment of the
subsequent process around building in quality would be an opportunity favempent, which
was addressed in subsequent assessments. Furthermore, Inventory IRieglityt and Process
Quiality, and Quality Metrics are all other areas for improvement igeshfiforn the graph.

Quality Assurance Score Graph

5 Whys, Root'Cause & Pareto
5

Inspection & Autonomation

Quality Metrics < 7 Error Proofing Methodology

Product & Process Quality Inventory Integrity

[=t=—p1 ==p7 A3 A4

Figure 18: Quality Assurance Lean Construct Score Graph
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Visual Management:

Figure 19: Visual Management Lean Construct Score Graph altastthe scoring on the
visual management lean construct over multiple fictitious assessmeer time. On the graph
for the first assessment, dark blue, it can be seen that theppeotunities for improvement are
with the lean practices Process Control Boards and Andon Sysfdrasother lean practices for
Value Stream Mapping, Metrics and Key Performance Indiq&Bi) Boards, Lean Tracking,
Visual Controls, and (A3) One-Page Reports all have similar seoe®pportunity for growth
which was achieved in subsequent assessments.

Visual Management Score Grap

Value Stream Mapping

Process Control Boards

(A3) One Page Reports(—— Metrics & KPI Boards

Andon Sysieps \/ fegn Tracking

Visual'Controls

[tm—p1 =l=p2 A3 A4

Figure 19: Visual Management Lean Construct Score Graph
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Workplace Organization:

Figure 20: Workplace Organization Lean Construct Score Graph illissthetescoring on
the workplace organization lean construct over multiple fictitiosesmsnents over time. On the
graph for the first assessment, dark blue, it can be seen th#ar¢est opportunities for
improvement are with the lean practices of 5S, Signage and Shamn@sBand Point of Use
Storage (POUS). The other lean practices of Cleanliness, SapglWaterial Management
(MGMT), and Identification of Problem Parts Areas also show oppiigarfor improvement

which increased in each of the subsequent lean implementation assessmentsover tim

Workplace Organization Score Grapt

Signage & Shadow Boards

ID Problem Parts Areas ~7 Cleanliness

Point of Use Storage Supply & Material MGMT

[tm—p1 =l=p2 A3 A4

Figure 20: Workplace Organization Lean Construct Score Graph

245



Lot Sizing:

Figure 21: Lot Sizing Lean Construct Score Graph illusttiescoring on the lot sizing
lean construct over multiple fictitious assessments over time.th® graph for the first lean
assessment in dark blue, it can be seen that the two lean ggastib the largest opportunities
for improvement are Kanban Systems and Order Frequency. Thdeathesractices of Batch
Sizes, Work in Process (WIP), Quick Changeover, Lead Time Tckimd Inventory Turns
increased in subsequent lean assessments consistently as wek @aso identified for
improvement. The lot sizing lean construct is important to gaudiagatmount of work in

process and the systems developed to manage the work in process in the warehouse.

Lot Sizing Score Grapl

Batch Sizes

Kanban Systems

Order Frequency Quick Changeover

Inventory Turns Lead Time Tracking

WwIP

[t—p1 =l=p2 A3 A4

Figure 21: Lot Sizing Lean Construct Score Graph
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Material Flow:

Figure 22: Material Flow Lean Construct Score Graph illustrahe scoring on the
material flow lean construct over multiple fictitious assesmsis1over time. On the graph for the
first assessment in dark blue it can be seen that there aportunity for improvement with
regard to the entire lean construct with the only exception oé€=Docking. The other lean
practices of Pull Systems, Leveled Flow and Work, First-tetfdut (FIFO), Layout and Zones,
Velocity and Slotting, Travel Distance, Cellular Structure, Bainand Stabilization all have
significant opportunity for improvement identified from the firgtah implementation
assessment. This may require additional training and a cothedfoet from the management
team to drive improvement of Material Flow as a concept withesponding training and
continuous improvement activities.

Material Flow Score Graph

Pull Systems

Leyeled Flow & Work

Cross-Docking FIFO

Demand Stabilization Layout & Zones

Cellular Structure Velocity & Slotting

Travel Distance

e Y A3 A4

Figure 22: Material Flow Lean Construct Score Graph
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Continuous Improvement:

Figure 23: Continuous Improvement Lean Construct Score Graph illgsthetescoring
on the continuous improvement lean construct over multiple fictitiosgsaments over time.
On the graph for the first assessment, dark blue, it can be seethd@hBtan-Do-Check-Act
(PDCA) score is a key strength and may be an opportunity to bedeeerns a best practice
across accounts. The other lean practices for Kaizen Events, y@m@@aggestions, Understand
Systems View, Preventative Maintenance, Supplier Integratitatjst®al Process Control
(SPC), and Technology and Equipment all have comparable scores amdosgeow at a
consistent rate across assessments. If it were seemndtimabrie assessment to another slippage
occurs, countermeasures would need to be developed and a root caus®athderptevent
further deterioration of the lean practice.

Continuous Improvement Score Graph

Technology & Equipment \/ /- Employee Suggestions

~
/ Understand Systems View
)

< \
Supplier Integration Preventative Maintenance

[ty = A3 A4

Figure 23: Continuous Improvement Lean Construct Score Graph
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APPENDIX C:
PROJECT TIMELINE

Phase 1 — Development: Create Proposal and Identify Lean Constructs

(January 2006 — June 2006)

e Develop the dissertation proposal document = 6 Months
= Detailed examination of the academic literature.
= |dentify the key constructs of lean warehousing.
= Gain committee and university approval.

= Determine potential organizations.

Phase 2 — Definition: Onsite Operational Definition of Lean Construst

(July 2006 — September 2006)

e Operationally define and develop lean constructs in various facilities. 3 Months

Phase 3 — Validation: Conduct Initial Onsite Assessment, Pilot, and Ingment Changes

(October 2006 — December 2006)

e Conduct actual lean assessment in single facility to validate tool. 3 Months

Phase 4 — Data Collection: Conduct Twenty-Eight Additional Assessmies

(January 2007 — December 2007)

¢ Complete twenty-eight lean assessments in twenty-five facilities. =12 Months

Phase 5 — Completion: Finalize Dissertation Document

(January 2008 — January 2009)
e Complete writing and analysis of dissertation and defend. = 13 Months

=37 Months
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APPENDIX D:
SPEARMAN RHO CORRELATION MATRIX

Table 28: Spearman Rho Correlation Matrix

StndWork Commodity CommonPrcs Load Routing
Spearman’s rho Correlations SOPs Dispatches Group BestPractices Unload Travel
SOPs
Correlation Coefficient 1.000 0.171 0.205 0.115 -0.287 0.082
Sig. (2-tailed) . 0.383 0.296 0.559 0.138 0.680
N 28 28 28 28 28
StndWorkDispatches
Correlation Coefficient 1.000 0.151 0.037 -0.012 0.203
Sig. (2-tailed) . 0.442 0.851 0.951 0.299
N 28 28 28 28
CommodityGroup
Correlation Coefficient 1.000 0.015 0.062 0.021
Sig. (2-tailed) 0.938 0.756 0.916
N 28 28 28
CommonPrcsBestPractices
Correlation Coefficient 1.000 -0.255 0.017
Sig. (2-tailed) 0.190 0.932
N 28 28
LoadUnload
Correlation Coefficient 1.000 -0.034
Sig. (2-tailed) 0.863
N 28
RoutingTravel
Correlation Coefficient 1.000
Sig. (2-tailed)
N
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Table 28: Spearman Rho Correlation Matrix

Safety Leadership Mgmt Cross Teamwork Power
Spearman’s rho Correlations Ergonomics Roles Style Training Empowerment Distance
SOPs
Correlation Coefficient 0.031 0.395 0.151 0.066 0.242 0.051
Sig. (2-tailed) 0.874 0.037 0.443 0.740 0.215 0.796
N 28 28 28 28 28 28
StndWorkDispatches
Correlation Coefficient 0.124 0.069 0.086 -0.074 0.059 -0.009
Sig. (2-tailed) 0.529 0.727 0.663 0.708 0.767 0.965
N 28 28 28 28 28 28
CommodityGroup
Correlation Coefficient -0.147 -0.186 -0.158 -0.058 -0.147 0.200
Sig. (2-tailed) 0.455 0.342 0.422 0.769 0.454 0.307
N 28 28 28 28 28 28
CommonPrcsBestPractices
Correlation Coefficient 0.591 0.438 0.334 0.032 0.202 0.148
Sig. (2-tailed) 0.001 0.020 0.082 0.871 0.304 0.454
N 28 28 28 28 28 28
LoadUnload
Correlation Coefficient -0.350 -0.444 -0.252 0.180 -0.079 0.055
Sig. (2-tailed) 0.067 0.018 0.196 0.360 0.688 0.781
N 28 28 28 28 28 28
RoutingTravel
Correlation Coefficient -0.082 -0.061 -0.050 0.165 -0.057 -0.017
Sig. (2-tailed) 0.678 0.759 0.802 0.401 0.775 0.931
N 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

EE Communication Turnover FiveWhy Inspection Error
Spearman’s rho Correlations Recognition Strategy Layoff RootCause Autonomation Proofing
SOPs
Correlation Coefficient 0.311 0.044 -0.213 0.400 0.012 0.295
Sig. (2-tailed) 0.107 0.823 0.277 0.035 0.953 0.127
N 28 28 28 28 28 28
StndWorkDispatches
Correlation Coefficient 0.121 0.301 0.004 0.135 0.143 0.179
Sig. (2-tailed) 0.541 0.119 0.984 0.493 0.467 0.362
N 28 28 28 28 28 28
CommodityGroup
Correlation Coefficient 0.026 -0.014 0.140 0.301 0.030 -0.104
Sig. (2-tailed) 0.894 0.942 0.477 0.120 0.878 0.599
N 28 28 28 28 28 28
CommonPrcsBestPractices
Correlation Coefficient 0.078 0.367 0.383 0.243 0.451 0.180
Sig. (2-tailed) 0.695 0.055 0.044 0.213 0.016 0.358
N 28 28 28 28 28 28
LoadUnload
Correlation Coefficient -0.357 -0.212 0.260 -0.153 -0.355 -0.290
Sig. (2-tailed) 0.062 0.280 0.182 0.436 0.064 0.134
N 28 28 28 28 28 28
RoutingTravel
Correlation Coefficient 0.192 -0.108 -0.138 -0.150 -0.148 -0.073
Sig. (2-tailed) 0.327 0.583 0.484 0.445 0.452 0.711
N 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

, . Inventory ProductProcess Quality Process Metrics
Spearman’s rho Correlations Integrity Quality MeasStats VSM ControlBoards KPIBoards
SOPs
Correlation Coefficient 0.008 -0.078 -0.113 0.188 0.413 0.272
Sig. (2-tailed) 0.967 0.692 0.566 0.338 0.029 0.161
N 28 28 28 28 28 28
StndWorkDispatches
Correlation Coefficient -0.177 -0.125 -0.205 0.073 0.475 -0.144
Sig. (2-tailed) 0.368 0.525 0.295 0.712 0.011 0.465
N 28 28 28 28 28 28
CommodityGroup
Correlation Coefficient 0.182 0.443 0.304 -0.218 0.047 0.566
Sig. (2-tailed) 0.354 0.018 0.116 0.265 0.812 0.002
N 28 28 28 28 28 28
CommonPrcsBestPractices
Correlation Coefficient 0.364 -0.218 -0.059 0.412 -0.185 0.207
Sig. (2-tailed) 0.057 0.265 0.765 0.029 0.346 0.291
N 28 28 28 28 28 28
LoadUnload
Correlation Coefficient -0.111 0.057 -0.014 -0.253 0.127 -0.136
Sig. (2-tailed) 0.574 0.772 0.945 0.194 0.520 0.490
N 28 28 28 28 28 28
RoutingTravel
Correlation Coefficient 0.002 -0.377 -0.252 0.151 -0.053 0.177
Sig. (2-tailed) 0.992 0.048 0.197 0.444 0.788 0.368
N 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

Spearman’s rho Lean Visual Signage Supply

Correlations Tracking Controls | AndonSys A3 FiveS | ShadowBoards Cleanliness| MtriMgmt | POUS
SOPs

Correlation Coefficient 0.265 -0.132 -0.168 0.244 0.040 0.122 -0.057 0.262 -0.221
Sig. (2-tailed) 0.174 0.504 0.394 0.211 0.838 0.535 0.772 0.17§ 590.]
N 28 28 28 28 28 28 28 28 28
StndWorkDispatches

Correlation Coefficient -0.007 0.075 0.001 0.318 -0.091L -0.097 -0.299 0.074 -0.103
Sig. (2-tailed) 0.973 0.704 0.997 0.100 0.645 0.624 0.122 0.7064 000.¢
N 28 28 28 28 28 28 28 28 28
CommodityGroup

Correlation Coefficient -0.009 -0.085 -0.280 0.212 -0.125 0.145 0.079 0.126 -0.133
Sig. (2-tailed) 0.965 0.666 0.149 0.280 0.526 0.462 0.690 0.524 990.4
N 28 28 28 28 28 28 28 28 28
CommonPrcsBestPractices

Correlation Coefficient 0.283 -0.420 0.195 0.311 0.420 0.144 0.161 0.167 .058
Sig. (2-tailed) 0.145 0.026 0.319 0.107| 0.026 0.463 0.413 0.397 0.783
N 28 28 28 28 28 28 28 28 28
LoadUnload

Correlation Coefficient -0.193 0.425 0.167 -0.124 -0.199 0.145 -0.116 0.128 0.305
Sig. (2-tailed) 0.326 0.024 0.394 0.526 0.311 0.462 0.556 0.518 0.1
N 28 28 28 28 28 28 28 28 28
RoutingTravel

Correlation Coefficient 0.016 -0.042 -0.197 0.012 -0.259 0.067 0.024 -0.436 0.065
Sig. (2-tailed) 0.934 0.830 0.315 0.953 0.183 0.735 0.903 0.020 0.743
N 28 28 28 28 28 28 28 28 28

254



Table 28: Spearman Rho Correlation Matrix

IDProblem Batch Kanban Quick LeadTime Inv Order
Spearman’s rho Correlations Parts Sizes WIP Systems Changeover Tracking Turns Freq
SOPs
Correlation Coefficient -0.074 0.280 0.046 -0.002 0.082 0.025 0.273 0.17
Sig. (2-tailed) 0.710 0.150 0.818 0.991 0.680 0.900 0.160 0.37
N 28 28 28 28 28 28 28 28
StndWorkDispatches
Correlation Coefficient 0.053 0.704 0.246 0.217 0.272 -0.188 0.204 0.14
Sig. (2-tailed) 0.790 0.000 0.208 0.267 0.162 0.338 0.299 0.45
N 28 28 28 28 28 28 28 28
CommodityGroup
Correlation Coefficient -0.321 0.407 -0.172 0.142 0.229 0.032 0.106 0.54
Sig. (2-tailed) 0.096 0.032 0.381 0.471 0.242 0.873 0.59] 0.002
N 28 28 28 28 28 28 28 28
CommonPrcsBestPractices
Correlation Coefficient -0.196 -0.142 0.409 0.034 0.105 0.037 -0.023 0.24
Sig. (2-tailed) 0.318 0.472 0.031 0.865 0.596 0.851 0.907 0.207
N 28 28 28 28 28 28 28 28
LoadUnload
Correlation Coefficient 0.081 -0.117 -0.213 0.257 -0.429 -0.226 -0.210 50.1
Sig. (2-tailed) 0.680 0.553 0.276 0.187 0.023 0.247 0.283 0.447
N 28 28 28 28 28 28 28 28
RoutingTravel
Correlation Coefficient -0.131 0.183 0.195 0.179 0.059 -0.367 -0.349 0.1(
Sig. (2-tailed) 0.506 0.352 0.321 0.363 0.766 0.055 0.069 0.6(
N 28 28 28 28 28 28 28 28

18
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Table 28: Spearman Rho Correlation Matrix

Pull Leveled Layout Velocity Travel Cell Demand
Spearman's rho Correlations Systems FlowWork FIFO Zones Slotting Distance Structure Stabilization
SOPs
Correlation Coefficient -0.023 0.231 0.194 0.221 0.080 0.297 -0.291 0.325
Sig. (2-tailed) 0.908 0.238 0.323 0.259 0.686 0.125 0.133 0.092
N 28 28 28 28 28 28 28 28
StndWorkDispatches
Correlation Coefficient 0.280 0.508 0.216 0.284 0.120 0.430 -0.091 0.296
Sig. (2-tailed) 0.148 0.006 0.268 0.144 0.544 0.022 0.647 0.127
N 28 28 28 28 28 28 28 28
CommodityGroup
Correlation Coefficient 0.103 0.303 0.073 0.266 0.087 0.464 -0.024 0.130
Sig. (2-tailed) 0.603 0.117 0.711 0.171 0.659 0.013 0.902 0.511
N 28 28 28 28 28 28 28 28
CommonPrcsBestPractices
Correlation Coefficient -0.112 0.345 0.224 0.168 0.098 0.134 0.005 0.302
Sig. (2-tailed) 0.572 0.072 0.252 0.391 0.619 0.496 0.981 0.118
N 28 28 28 28 28 28 28 28
LoadUnload
Correlation Coefficient 0.113 -0.260 -0.262 0.198 -0.008 -0.144 0.181 0.21
Sig. (2-tailed) 0.567 0.182 0.179 0.313 0.969 0.465 0.358 0.282
N 28 28 28 28 28 28 28 28
RoutingTravel
Correlation Coefficient 0.240 0.279 0.240 0.450 0.395 0.364 0.171 -0.104
Sig. (2-tailed) 0.219 0.151 0.219 0.016 0.037 0.057 0.383 0.597
N 28 28 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

Cross Kaizen Employee Systems | Preventative Supplier Tech
Spearman's rho Correlations | Docking PDCA Events Suggestion View Maint Integration SPC Equip
SOPs
Correlation Coefficient 0.207 0.463 0.127 0.248 0.189 -0.199 -0.174 0.084 .0760
Sig. (2-tailed) 0.291 0.013 0.521 0.203 0.334 0.309 0.376 0.863 0.6
N 28 28 28 28 28 28 28 28 28
StndWorkDispatches
Correlation Coefficient -0.035 0.128 0.347 -0.237 0.065 -0.193 0.060 0.0740.283
Sig. (2-tailed) 0.860 0.517 0.071 0.224 0.743 0.326 0.760 0.709 440.1
N 28 28 28 28 28 28 28 28 28
CommodityGroup
Correlation Coefficient 0.028 0.218 0.156 0.087 0.037 -0.199 0.155 -0.1600.002
Sig. (2-tailed) 0.889 0.265 0.427 0.658 0.853 0.310 0.431 0.415 930.4
N 28 28 28 28 28 28 28 28 28
CommonPrcsBestPractices
Correlation Coefficient -0.538 0.325 0.101 0.326 0.252 -0.061 -0.443 -0.0490.327
Sig. (2-tailed) 0.003 0.091 0.609 0.091 0.196 0.757 0.018 0.803 0.089
N 28 28 28 28 28 28 28 28 28
LoadUnload
Correlation Coefficient 0.192 -0.556 -0.191 0.022 -0.064 0.070 0.576 0.1120.023
Sig. (2-tailed) 0.328 0.002 0.331 0.911 0.746 0.723 0.001 0.571 0.909
N 28 28 28 28 28 28 28 28 28
RoutingTravel
Correlation Coefficient 0.229 0.108 -0.086 -0.157 -0.271 0.013 -0.234 0.186-0.408
Sig. (2-tailed) 0.242 0.585 0.664 0.426 0.163 0.946 0.231 0.3 0.031
N 28 28 28 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

Safety Leadership Mgmt Cross Teamwork Power
SafetyErgonomics Ergonomics Roles Style Training Empowerment Distance
Correlation Coefficient 1.000 0.670 0.398 0.149 0.440 -0.024
Sig. (2-tailed) 0.000 0.036 0.450 0.019 0.904
N 28 28 28 28 28
LeadershipRoles
Correlation Coefficient 1.000 0.580 0.153 0.672 0.064
Sig. (2-tailed) 0.001 0.436 0.000 0.745
N 28 28 28 28
MgmtStyle
Correlation Coefficient 1.000 0.245 0.372 0.241
Sig. (2-tailed) 0.209 0.051 0.217
N 28 28 28
CrossTraining
Correlation Coefficient 1.000 0.265 0.303
Sig. (2-tailed) 0.172 0.117
N 28 28
TeamworkEmpowerment
Correlation Coefficient 1.000 0.046
Sig. (2-tailed) 0.817
N 28
PowerDistance
Correlation Coefficient 1.000
Sig. (2-tailed)
N
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Table 28: Spearman Rho Correlation Matrix

EE Communication Turnover FiveWhy Inspection Error
SafetyErgonomics Recognition Strategy Layoff RootCause Autonomation Proofing
Correlation Coefficient 0.211 0.520 0.267 0.277 0.491 0.112
Sig. (2-tailed) 0.280 0.005 0.170 0.154 0.008 0.571
N 28 28 28 28 28 28
LeadershipRoles
Correlation Coefficient 0.493 0.341 -0.081 0.334 0.428 0.168
Sig. (2-tailed) 0.008 0.075 0.683 0.082 0.023 0.393
N 28 28 28 28 28 28
MgmtStyle
Correlation Coefficient 0.194 0.324 0.009 0.182 0.411 0.279
Sig. (2-tailed) 0.323 0.092 0.964 0.355 0.030 0.150
N 28 28 28 28 28 28
CrossTraining
Correlation Coefficient -0.029 -0.204 0.118 -0.167 0.084 -0.007
Sig. (2-tailed) 0.884 0.297 0.549 0.395 0.670 0.974
N 28 28 28 28 28 28
TeamworkEmpowerment
Correlation Coefficient 0.543 0.443 0.126 0.370 0.239 0.091
Sig. (2-tailed) 0.003 0.018 0.524 0.053 0.220 0.646
N 28 28 28 28 28 28
PowerDistance
Correlation Coefficient 0.056 -0.007 0.056 -0.148 -0.001 -0.198
Sig. (2-tailed) 0.779 0.970 0.779 0.452 0.994 0.312
N 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

Inventory Product Quality Process Metrics
SafetyErgonomics Integrity ProcessQuality MeasStats VSM ControlBoards KPIBoards
Correlation Coefficient 0.295 -0.141 0.027 0.199 0.085 0.063
Sig. (2-tailed) 0.128 0.475 0.892 0.31( 0.666 0.751
N 28 28 28 28 28 28
LeadershipRoles
Correlation Coefficient 0.437 -0.222 0.018 0.382 0.092 -0.028
Sig. (2-tailed) 0.020 0.257 0.929 0.045 0.642 0.888
N 28 28 28 28 28 28
MgmtStyle
Correlation Coefficient 0.037 -0.106 -0.016 0.564 -0.031 -0.178
Sig. (2-tailed) 0.853 0.592 0.937 0.002 0.875 0.365
N 28 28 28 28 28 28
CrossTraining
Correlation Coefficient 0.079 -0.085 -0.032 0.184 0.130 0.295
Sig. (2-tailed) 0.690 0.667 0.871 0.35( 0.510 0.128
N 28 28 28 28 28 28
TeamworkEmpowerment
Correlation Coefficient 0.176 -0.303 -0.128 0.304 0.096 0.125
Sig. (2-tailed) 0.371 0.117 0.516 0.116 0.627 0.525
N 28 28 28 28 28 28
PowerDistance
Correlation Coefficient 0.012 -0.027 0.191 0.233 -0.099 0.353
Sig. (2-tailed) 0.953 0.892 0.330 0.232 0.617 0.066
N 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

Lean Visual Andon Sighage Supply
SafetyErgonomics Tracking Controls Sys A3 FiveS | ShadowBoards Cleanliness| MtriMgmt POUS
Correlation Coefficient 0.212 -0.380 0.035 0.331 0.391 -0.162 0.096 0.214 0.048
Sig. (2-tailed) 0.279 0.046 0.859 0.085| 0.040 0.412 0.628 0.274 0.807
N 28 28 28 28 28 28 28 28 28
LeadershipRoles
Correlation Coefficient 0.290 -0.339 0.291 0.458 0.464 -0.013 0.009 0.425 0.074
Sig. (2-tailed) 0.135 0.077 0.133 | 0.014 | 0.013 0.948 0.966 0.024 0.709
N 28 28 28 28 28 28 28 28 28
MgmtStyle
Correlation Coefficient 0.460 -0.270 0.132 0.634] 0.318 0.007 -0.139 0.383 0.123
Sig. (2-tailed) 0.014 0.165 0.503 | 0.000 0.105 0.974 0.481 0.044 0.534
N 28 28 28 28 28 28 28 28 28
CrossTraining
Correlation Coefficient 0.128 0.037 -0.121 -0.025 0.194 0.183 -0.018 0.373 0.149
Sig. (2-tailed) 0.518 0.851 0.539 0.899 0.328 0.352 0.928 0.051 500.4
N 28 28 28 28 28 28 28 28 28
TeamworkEmpowerment
Correlation Coefficient 0.185 -0.264 0.468 0.179 0.39y -0.026 -0.254 0.269 -0.094
Sig. (2-tailed) 0.347 0.175 0.012 0.363 | 0.036 0.894 0.192 0.166 0.634
N 28 28 28 28 28 28 28 28 28
PowerDistance
Correlation Coefficient 0.186 -0.115 -0.177 0.126 0.281 0.484 0.393 0.254 .25%)
Sig. (2-tailed) 0.343 0.561 0.367 0.524 0.14 0.009 0.039 0.191 0.190
N 28 28 28 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

IDProblem Batch Kanban Quick LeadTime Inv Order
SafetyErgonomics Parts Sizes WIP Systems Changeover Tracking Turns Freq
Correlation Coefficient -0.251 0.143 0.505 -0.289 0.196 0.056 0.051 -0.041
Sig. (2-tailed) 0.198 0.467 0.006 0.136 0.316 0.778 0.797 0.837
N 28 28 28 28 28 28 28 28
LeadershipRoles
Correlation Coefficient -0.196 0.012 0.320 -0.223 0.213 -0.020 0.272 0.089
Sig. (2-tailed) 0.317 0.952 0.096 0.253 0.277 0.918 0.161 0.654
N 28 28 28 28 28 28 28 28
MgmtStyle
Correlation Coefficient 0.002 -0.097 0.407 -0.165 0.028 0.290 0.205 0.193
Sig. (2-tailed) 0.992 0.623 0.032 0.402 0.886 0.134 0.294 0.324
N 28 28 28 28 28 28 28 28
CrossTraining
Correlation Coefficient -0.133 0.057 0.295 -0.279 -0.118 0.066 -0.1p4 9.10
Sig. (2-tailed) 0.501 0.775 0.128 0.150 0.549 0.738 0.404 0.580
N 28 28 28 28 28 28 28 28
TeamworkEmpowerment
Correlation Coefficient -0.122 -0.160 0.124 -0.081 -0.023 -0.110 0.226 0.0
Sig. (2-tailed) 0.537 0.416 0.531 0.682 0.909 0.576 0.247 0.698
N 28 28 28 28 28 28 28 28
PowerDistance
Correlation Coefficient -0.113 0.018 0.391 -0.191 -0.313 0.024 -0.1115 0.04
Sig. (2-tailed) 0.567 0.927 0.039 0.330 0.105 0.904 0.559 0.834
N 28 28 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

Pull Leveled Layout Velocity Travel Cell Demand
SafetyErgonomics Systems FlowWork FIFO Zones Slotting Distance Structure Stabilization
Correlation Coefficient -0.192 0.365 0.311 -0.047 0.029 0.072 -0.343 0.396
Sig. (2-tailed) 0.328 0.056 0.107 0.811 0.884 0.716 0.074 0.037
N 28 28 28 28 28 28 28 28
LeadershipRoles
Correlation Coefficient 0.026 0.338 0.157 -0.056 0.092 -0.125 -0.219 0.461
Sig. (2-tailed) 0.895 0.078 0.424 0.775 0.642 0.526 0.264 0.013
N 28 28 28 28 28 28 28 28
MgmtStyle
Correlation Coefficient 0.082 0.000 0.393 0.119 -0.040 0.118 0.006 0.223
Sig. (2-tailed) 0.679 0.999 0.039 0.547 0.839 0.551 0.975 0.255
N 28 28 28 28 28 28 28 28
CrossTraining
Correlation Coefficient -0.125 0.175 0.285 -0.217, 0.021 -0.143 -0.073 0.275
Sig. (2-tailed) 0.526 0.374 0.142 0.266 0.915 0.466 0.713 0.157
N 28 28 28 28 28 28 28 28
TeamworkEmpowerment
Correlation Coefficient 0.072 0.209 0.148 -0.100 -0.020 -0.322 -0.113 0.360
Sig. (2-tailed) 0.714 0.285 0.453 0.611 0.918 0.095 0.568 0.060
N 28 28 28 28 28 28 28 28
PowerDistance
Correlation Coefficient -0.056 0.059 0.195 0.022 0.034 0.044 -0.082 0.023
Sig. (2-tailed) 0.778 0.765 0.320 0.910 0.865 0.825 0.680 0.908
N 28 28 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

Cross Kaizen Employee Systems Preventative Supplier Tech
SafetyErgonomics Docking PDCA | Events | Suggestion View Maint Integration SPC Equip
Correlation Coefficient -0.678 0.340 0.198 0.176 0.353 0.161 -0.263 0.112 .54
Sig. (2-tailed) 0.000 0.077 0.312 0.370 0.065 0.414 0.176 0. 0.003
N 28 28 28 28 28 28 28 28 28
LeadershipRoles
Correlation Coefficient -0.466 0.512 0.238 0.274 0.547 0.109 -0.256 0.217 .31
Sig. (2-tailed) 0.012 0.005 0.222 0.159 0.003 0.580 0.189 0.26)7 0.105
N 28 28 28 28 28 28 28 28 28
MgmtStyle
Correlation Coefficient -0.166 0.472 0.501 0.023 0.696 0.231 -0.324 0.1.080.068
Sig. (2-tailed) 0.398 0.011 0.007 0.908 0.000 0.236 0.092 0.584 0.733
N 28 28 28 28 28 28 28 28 28
CrossTraining
Correlation Coefficient 0.014 -0.004 -0.213 0.102 0.255 0.240 0.065 0.212 .028)
Sig. (2-tailed) 0.943 0.982 0.277 0.606 0.191 0.219 0.743 0.,80 870.8
N 28 28 28 28 28 28 28 28 28
TeamworkEmpowerment
Correlation Coefficient -0.292 0.191 -0.068 0.226 0.443 0.173 -0.121 0.4250.346
Sig. (2-tailed) 0.132 0.330 0.732 0.247 0.018 0.380 0.540 0.024 0.072
N 28 28 28 28 28 28 28 28 28
PowerDistance
Correlation Coefficient 0.063 0.064 -0.029 0.266 0.065 -0.111 0.029 0.0190.245
Sig. (2-tailed) 0.751 0.747 0.882 0.171 0.743 0.575 0.884 0.p22 080.2
N 28 28 28 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

EE Communication Turnover FiveWhy Inspection Error
EERecognition Recognition Strategy Layoff RootCause Autonomation Proofing
Correlation Coefficient 1.000 0.458 -0.071 0.089 0.061 0.005
Sig. (2-tailed) 0.014 0.719 0.652 0.756 0.982
N 28 28 28 28 28
CommunicationStrategy
Correlation Coefficient 1.000 0.280 0.340 0.308 0.178
Sig. (2-tailed) 0.149 0.077 0.111 0.364
N 28 28 28 28
TurnoverLayoff
Correlation Coefficient 1.000 -0.120 -0.139 -0.237
Sig. (2-tailed) 0.542 0.480 0.225
N 28 28 28
FiveWhyRootCause
Correlation Coefficient 1.000 0.409 0.662
Sig. (2-tailed) 0.030 0.000
N 28 28
InspectionAutonomation
Correlation Coefficient 1.000 0.474
Sig. (2-tailed) 0.011
N 28
ErrorProofing
Correlation Coefficient 1.000
Sig. (2-tailed)
N
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Table 28: Spearman Rho Correlation Matrix

Inventory Product Quality Process Metrics
EERecognition Integrity ProcessQuality MeasStats VSM ControlBoards KPIBoards
Correlation Coefficient 0.173 -0.021 0.147 0.015 0.076 0.240
Sig. (2-tailed) 0.379 0.914 0.457 0.941 0.701 0.218
N 28 28 28 28 28 28
CommunicationStrategy
Correlation Coefficient 0.011 -0.171 0.001 0.250 0.105 0.098
Sig. (2-tailed) 0.957 0.384 0.997 0.200 0.597 0.619
N 28 28 28 28 28 28
TurnoverLayoff
Correlation Coefficient 0.017 0.125 -0.281 -0.021 -0.191 0.185
Sig. (2-tailed) 0.933 0.527 0.148 0.914 0.329 0.347
N 28 28 28 28 28 28
FiveWhyRootCause
Correlation Coefficient -0.031 -0.176 0.061 0.101 0.338 0.199
Sig. (2-tailed) 0.874 0.371 0.758 0.608 0.079 0.309
N 28 28 28 28 28 28
InspectionAutonomation
Correlation Coefficient 0.136 0.017 0.212 0.282 0.048 0.044
Sig. (2-tailed) 0.489 0.933 0.278 0.146 0.808 0.824
N 28 28 28 28 28 28
ErrorProofing
Correlation Coefficient -0.273 -0.194 -0.155 0.306 0.327 -0.020
Sig. (2-tailed) 0.161 0.322 0.430 0.114 0.089 0.919
N 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

Lean Visual Andon Sighage Supply
EERecognition Tracking Controls Sys A3 FiveS | ShadowBoards Cleanliness| MtriMgmt |POUS
Correlation Coefficient 0.251 -0.177 0.275 0.161 0.471 0.151 0.243 0.172 14%.
Sig. (2-tailed) 0.198 0.367 0.156 0.413 0.011 0.443 0.213 0.381 0.46
N 28 28 28 28 28 28 28 28 28
CommunicationStrategy
Correlation Coefficient 0.298 -0.412 0.267 0.339 0.530 -0.112 0.012 -0.053 -0.154
Sig. (2-tailed) 0.123 0.029 0.170 0.077| 0.004 0.571 0.953 0.788 0.43
N 28 28 28 28 28 28 28 28 28
TurnoverLayoff
Correlation Coefficient 0.029 -0.273 -0.016 -0.237 0.214 0.054 0.163 0.134 -0.080
Sig. (2-tailed) 0.884 0.160 0.935 0.234 0.275 0.785 0.408 0.497 850.
N 28 28 28 28 28 28 28 28 28
FiveWhyRootCause
Correlation Coefficient 0.214 -0.186 0.281 0.262 0.078 -0.074 -0.303 0.011 -0.266
Sig. (2-tailed) 0.275 0.345 0.148 0.177 0.718 0.707 0.117 0.955 710.
N 28 28 28 28 28 28 28 28 28
InspectionAutonomation
Correlation Coefficient 0.166 -0.113 0.290 0.391 0.312 -0.334 -0.112 0.195 -0.237
Sig. (2-tailed) 0.398 0.567 0.134 | 0.039 0.106 0.082 0.571 0.321 0.22
N 28 28 28 28 28 28 28 28 28
ErrorProofing
Correlation Coefficient 0.266 -0.040 0.270 0.070 0.072 -0.135 -0.338 -0.056 -0.227
Sig. (2-tailed) 0.172 0.841 0.165 0.724 0.715 0.495 0.079 0.776 460.
N 28 28 28 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

IDProblem Batch Kanban Quick LeadTime Inv Order
EERecognition Parts Sizes WIP Systems Changeover Tracking Turns Freq
Correlation Coefficient -0.039 0.107 0.300 0.047 -0.038 -0.235 0.191 -0.064
Sig. (2-tailed) 0.845 0.587 0.121 0.812 0.848 0.228 0.329 0.74b
N 28 28 28 28 28 28 28 28
CommunicationStrategy
Correlation Coefficient 0.098 0.112 0.361 0.216 0.251 -0.141 0.232 -0.019
Sig. (2-tailed) 0.619 0.570 0.059 0.269 0.197 0.474 0.235 0.92p
N 28 28 28 28 28 28 28 28
TurnoverLayoff
Correlation Coefficient -0.257 -0.272 0.077 -0.046 -0.183 -0.119 0.135 99.0
Sig. (2-tailed) 0.187 0.162 0.698 0.818 0.350 0.545 0.495 0.618
N 28 28 28 28 28 28 28 28
FiveWhyRootCause
Correlation Coefficient -0.259 0.124 -0.215 0.096 0.399 0.011 0.121 0.458
Sig. (2-tailed) 0.183 0.530 0.273 0.625 0.035 0.957 0.538 0.014
N 28 28 28 28 28 28 28 28
InspectionAutonomation
Correlation Coefficient 0.016 0.175 0.277 0.053 0.407 0.078 -0.072 0.47p
Sig. (2-tailed) 0.937 0.373 0.153 0.788 0.031 0.691 0.716 0.011
N 28 28 28 28 28 28 28 28
ErrorProofing
Correlation Coefficient -0.129 0.052 -0.022 -0.032 0.297 0.212 0.090 0.42b
Sig. (2-tailed) 0.513 0.793 0.913 0.873 0.125 0.279 0.64 0.024
N 28 28 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

Pull Leveled Layout Velocity Travel Cell Demand
EERecognition Systems FlowWork FIFO Zones Slotting Distance Structure Stabilization
Correlation Coefficient 0.177 0.453 0.139 0.222 0.375 0.076 -0.157 0.085
Sig. (2-tailed) 0.368 0.016 0.480 0.257 0.049 0.700 0.425 0.666
N 28 28 28 28 28 28 28 28
CommunicationStrategy
Correlation Coefficient 0.253 0.355 0.348 0.231 0.058 0.167 -0.074 0.203
Sig. (2-tailed) 0.195 0.064 0.069 0.236 0.768 0.396 0.708 0.300
N 28 28 28 28 28 28 28 28
TurnoverLayoff
Correlation Coefficient -0.191 -0.073 -0.127 0.118 -0.059 -0.130 -0.170 130.
Sig. (2-tailed) 0.329 0.714 0.519 0.549 0.767 0.509 0.387 0.509
N 28 28 28 28 28 28 28 28
FiveWhyRootCause
Correlation Coefficient 0.227 0.145 0.325 0.137 -0.180 0.074 0.089 0.354
Sig. (2-tailed) 0.246 0.463 0.091 0.486 0.359 0.709 0.653 0.065
N 28 28 28 28 28 28 28 28
InspectionAutonomation
Correlation Coefficient 0.151 0.268 0.380 -0.120 -0.298 0.102 -0.057 0.758
Sig. (2-tailed) 0.443 0.168 0.046 0.542 0.123 0.606 0.773 0.000
N 28 28 28 28 28 28 28 28
ErrorProofing
Correlation Coefficient 0.168 -0.030 0.296 0.139 -0.060 0.113 0.136 0.285
Sig. (2-tailed) 0.393 0.882 0.127 0.481 0.762 0.568 0.491 0.142
N 28 28 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

Cross Kaizen Employee Systems Preventative Supplier Tech
EERecognition Docking PDCA | Events Suggestion View Maint Integration SPC Equip
Correlation Coefficient 0.025 0.330 0.160 0.096 0.133 0.144 -0.167 0.315 06%90.
Sig. (2-tailed) 0.899 0.086 0.417 0.629 0.500 0.464 0.396 0.103 420.7
N 28 28 28 28 28 28 28 28 28
CommunicationStrategy
Correlation Coefficient -0.367 0.398 0.388 0.230 0.240 0.113 -0.238 0.274 .3140
Sig. (2-tailed) 0.054 0.036 0.041 0.240 0.219 0.566 0.223 0.159 0.1(
N 28 28 28 28 28 28 28 28 28
TurnoverLayoff
Correlation Coefficient -0.114 -0.264 -0.309 0.113 0.142 -0.198 -0.062 96.0 0.087
Sig. (2-tailed) 0.562 0.175 0.109 0.568 0.470 0.312 0.753 0.6R7 590.6
N 28 28 28 28 28 28 28 28 28
FiveWhyRootCause
Correlation Coefficient -0.316 0.527 0.210 0.423 0.360 0.143 -0.261 0.3p4 .37
Sig. (2-tailed) 0.101 0.004 0.284 0.025 0.060 0.468 0.179 0.093 0.05
N 28 28 28 28 28 28 28 28 28
InspectionAutonomation
Correlation Coefficient -0.659 0.465 0.433 0.094 0.307 0.129 -0.455 0.365 .499
Sig. (2-tailed) 0.000 0.013 0.021 0.633 0.112 0.513 0.015 0.063 | 0.007
N 28 28 28 28 28 28 28 28 28
ErrorProofing
Correlation Coefficient -0.231 0.438 0.260 0.118 0.264 0.103 -0.436 0.3R7 .28
Sig. (2-tailed) 0.237 0.020 0.182 0.552 0.175 0.604 0.020 0.089 0.141
N 28 28 28 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

Inventory Product Quality Process Metrics
Inventorylntegrity Integrity ProcessQuality MeasStats VSM ControlBoards KPIBoards
Correlation Coefficient 1.000 0.256 0.347 0.151 -0.201 0.327
Sig. (2-tailed) 0.189 0.070 0.443 0.304 0.089
N 28 28 28 28 28
ProductProcessQuality
Correlation Coefficient 1.000 0.548 -0.261 0.154 0.245
Sig. (2-tailed) 0.003 0.179 0.434 0.208
N 28 28 28 28
QualityMeasStats
Correlation Coefficient 1.000 -0.355 0.141 0.245
Sig. (2-tailed) 0.064 0.475 0.208
N 28 28 28
VSM
Correlation Coefficient 1.000 -0.117 0.072
Sig. (2-tailed) 0.554 0.717
N 28 28
ProcessControlBoards
Correlation Coefficient 1.000 -0.005
Sig. (2-tailed) 0.981
N 28
MetricsKkPIBoards
Correlation Coefficient 1.000
Sig. (2-tailed)
N
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Table 28: Spearman Rho Correlation Matrix

Lean Visual Andon Sighage Supply
Inventorylntegrity Tracking Controls Sys A3 FiveS| ShadowBoards | Cleanliness| MtriMgmt | POUS
Correlation Coefficient -0.187 -0.117 -0.021 0.174 0.300 0.322 0.366 0.302 0.047
Sig. (2-tailed) 0.342 0.553 0.914 0.377 0.121 0.095 0.056 0.119 110.
N 28 28 28 28 28 28 28 28 28
ProductProcessQuality
Correlation Coefficient -0.031 0.169 -0.336 -0.031 0.117 0.059 0.246 0.297 -0.13
Sig. (2-tailed) 0.874 0.391 0.081 0.87 0.5583 0.764 0.206 0.124 850.4
N 28 28 28 28 28 28 28 28 28
QualityMeasStats
Correlation Coefficient 0.156 0.024 -0.127 0.212  0.220 0.275 0.449 0.170 117.
Sig. (2-tailed) 0.427 0.902 0.519 0.279 0.260 0.156 0.016 0.387 0.552
N 28 28 28 28 28 28 28 28 28
VSM
Correlation Coefficient 0.156 -0.147 0.078 0.333  0.065 0.058 -0.263 -0.02% -0.352
Sig. (2-tailed) 0.428 0.456 0.693 0.083 0.742 0.768 0.176 0.899 670.
N 28 28 28 28 28 28 28 28 28
ProcessControlBoards
Correlation Coefficient 0.290 0.117 -0.135 0.097 0.213 -0.166 -0.232 0.129 0.01
Sig. (2-tailed) 0.135 0.552 0.495 0.625 0.278 0.400 0.235 0.517 460.
N 28 28 28 28 28 28 28 28 28
MetricsKPIBoards
Correlation Coefficient 0.148 -0.204 -0.301 -0.121  0.258 0.426 0.382 0.067 -0.120
Sig. (2-tailed) 0.452 0.297 0.120 0.541 0.18 0.024 0.045 0.734 0.542
N 28 28 28 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

IDProblem Batch Kanban Quick LeadTime Inv Order
Inventorylntegrity Parts Sizes WIP Systems Changeover Tracking Turns Freg
Correlation Coefficient -0.320 -0.044 0.014 -0.015 0.284 -0.059 0.105 0.172
Sig. (2-tailed) 0.097 0.825 0.942 0.940 0.143 0.766 0.596 0.331
N 28 28 28 28 28 28 28 28
ProductProcessQuality
Correlation Coefficient -0.005 0.187 -0.159 0.029 0.097 0.303 0.255 0.187
Sig. (2-tailed) 0.978 0.340 0.419 0.884 0.622 0.117 0.191 0.340
N 28 28 28 28 28 28 28 28
QualityMeasStats
Correlation Coefficient 0.099 0.192 -0.023 0.189 0.123 0.193 0.018 0.021
Sig. (2-tailed) 0.618 0.328 0.909 0.336 0.534 0.324 0.926 0.915
N 28 28 28 28 28 28 28 28
VSM
Correlation Coefficient -0.150 -0.188 0.179 -0.213 0.167 0.226 0.090 0.271
Sig. (2-tailed) 0.447 0.339 0.362 0.277 0.397 0.247 0.649 0.163
N 28 28 28 28 28 28 28 28
ProcessControlBoards
Correlation Coefficient 0.198 0.563 0.117 0.204 0.200 -0.053 0.188 -0.0R9
Sig. (2-tailed) 0.312 0.002 0.552 0.298 0.306 0.791 0.338 0.885
N 28 28 28 28 28 28 28 28
MetricsKPIBoards
Correlation Coefficient -0.355 0.171 0.047 0.023 0.174 -0.042 0.004 0.247
Sig. (2-tailed) 0.063 0.384 0.813 0.906 0.377 0.832 0.986 0.205
N 28 28 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

Pull Leveled Layout Velocity Travel Cell Demand
Inventorylntegrity Systems FlowWork FIFO Zones Slotting Distance Structure Stabilization
Correlation Coefficient 0.021 0.374 -0.180 -0.050 0.359 0.019 -0.024 0.224
Sig. (2-tailed) 0.914 0.050 0.360 0.802 0.060 0.922 0.903 0.252
N 28 28 28 28 28 28 28 28
ProductProcessQuality
Correlation Coefficient 0.008 -0.163 -0.226 0.040 0.053 0.196 -0.029 0.102
Sig. (2-tailed) 0.967 0.408 0.247 0.840 0.789 0.317 0.883 0.605
N 28 28 28 28 28 28 28 28
QualityMeasStats
Correlation Coefficient 0.106 0.122 0.136 -0.166 0.074 0.120 0.087 0.192
Sig. (2-tailed) 0.590 0.538 0.489 0.398 0.709 0.543 0.659 0.327
N 28 28 28 28 28 28 28 28
VSM
Correlation Coefficient 0.077 -0.025 0.282 0.135 0.182 0.037 0.143 0.273
Sig. (2-tailed) 0.696 0.899 0.146 0.492 0.353 0.853 0.467 0.159
N 28 28 28 28 28 28 28 28
ProcessControlBoards
Correlation Coefficient 0.324 0.099 0.150 0.293 -0.062 0.197 0.072 0.300
Sig. (2-tailed) 0.093 0.615 0.447 0.130 0.755 0.314 0.715 0.121
N 28 28 28 28 28 28 28 28
MetricsKkPIBoards
Correlation Coefficient 0.050 0.332 0.337 0.085 0.236 0.248 -0.005 0.230
Sig. (2-tailed) 0.801 0.084 0.079 0.669 0.226 0.203 0.980 0.238
N 28 28 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

Cross Kaizen Employee Systems Preventative Supplier Tech
Inventorylntegrity Docking PDCA Events Suggestion View Maint Integration SPC Equip
Correlation Coefficient -0.435 0.009 -0.018 0.233 0.137 0.045 0.211 -0.197 0.238
Sig. (2-tailed) 0.021 0.962 0.928 0.233 0.487 0.818 0.282 0.314 220.2
N 28 28 28 28 28 28 28 28 28
ProductProcessQuality
Correlation Coefficient 0.112 -0.118 0.220 -0.104 0.057 0.096 0.371 -0.1p5 0.049
Sig. (2-tailed) 0.572 0.551 0.260 0.598 0.772 0.626 0.052 0.526 030.8
N 28 28 28 28 28 28 28 28 28
QualityMeasStats
Correlation Coefficient -0.053 0.162 0.233 0.343 0.042 0.593 0.306 0.155 1240.
Sig. (2-tailed) 0.788 0.412 0.233 0.074 0.831 0.001 0.114 0.430 0.531
N 28 28 28 28 28 28 28 28 28
VSM
Correlation Coefficient -0.305 0.256 0.214 -0.080 0.220 -0.150 -0.291 0.014 -0.152
Sig. (2-tailed) 0.114 0.188 0.275 0.687 0.261 0.446 0.133 0.942 410.4
N 28 28 28 28 28 28 28 28 28
ProcessControlBoards
Correlation Coefficient 0.173 0.205 0.276 0.255 0.221 0.205 0.204 0.449 510.3
Sig. (2-tailed) 0.378 0.295 0.155 0.190 0.258 0.296 0.297 0.017 0.067
N 28 28 28 28 28 28 28 28 28
MetricsKPIBoards
Correlation Coefficient -0.014 0.236 -0.142 0.395 -0.191 0.058 -0.120 0.094 -0.024
Sig. (2-tailed) 0.942 0.227 0.471 0.037 0.331 0.769 0.544 0.634 0.904
N 28 28 28 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

Lean Visual Andon Signage Supply

LeanTracking Tracking Controls Sys A3 FiveS ShadowBoards Cleanliness | MtriMgmt POUS
Correlation Coefficient 1.000 -0.287 0.085 0.324 0.231 -0.077 0.017 0.112| .08
Sig. (2-tailed) 0.138 0.667 0.093 0.236 0.695 0.930 0.571 0.685
N 28 28 28 28 28 28 28 28
VisualControls

Correlation Coefficient 1.000 0.066 -0.132  -0.388 -0.094 -0.032 0.081 94.3
Sig. (2-tailed) 0.737 0.502| 0.041 0.635 0.873 0.680 0.038

N 28 28 28 28 28 28 28
AndonSys

Correlation Coefficient 1.000 0.104 0.361 -0.090 -0.287 0.126 0.091
Sig. (2-tailed) 0.597 0.059 0.649 0.139 0.522 0.645
N 28 28 28 28 28 28
A3

Correlation Coefficient 1.000 0.163 0.042 -0.158 0.301 -0.140
Sig. (2-tailed) 0.408 0.831 0.421 0.119 0.478
N 28 28 28 28 28
FiveS

Correlation Coefficient 1.000 0.398 0.425 0.457 0.092
Sig. (2-tailed) 0.036 0.024 0.015 0.643

N 28 28 28 28
SignageShadowBoards

Correlation Coefficient 1.000 0.456 0.276 0.083
Sig. (2-tailed) 0.015 0.155 0.676
N 28 28 28
Cleanliness

Correlation Coefficient 1.000 0.070 0.337
Sig. (2-tailed) 0.722 0.079
N 28 28
SupplyMtriMgmt

Correlation Coefficient 1.000 0.188
Sig. (2-tailed) 0.337
N 28
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Table 28: Spearman Rho Correlation Matrix

IDProblem Batch Kanban Quick LeadTime Inv Order

POUS Parts Sizes WIP Systems Changeover Tracking Turns Freq
Correlation Coefficient 0.140 0.011 0.407 0.092 -0.440 -0.279 -0.217 -0.322
Sig. (2-tailed) 0.478 0.957 0.032 0.640 0.019 0.150 0.268 0.095
N 28 28 28 28 28 28 28 28
IDProblemParts

Correlation Coefficient 1.000 0.129 0.223 0.525 -0.039 -0.168 -0.114 -0.351
Sig. (2-tailed) 0.514 0.253 0.004 0.844 0.392 0.564 0.067
N 28 28 28 28 28 28 28
BatchSizes

Correlation Coefficient 1.000 0.285 0.208 0.357 -0.102 0.087 0.149
Sig. (2-tailed) 0.142 0.289 0.062 0.605 0.659 0.450
N 28 28 28 28 28 28
WIP

Correlation Coefficient 1.000 0.026 -0.056 -0.017 -0.062 -0.068
Sig. (2-tailed) 0.897 0.776 0.933 0.752 0.730
N 28 28 28 28 28
KanbanSystems

Correlation Coefficient 1.000 0.179 -0.334 0.153 0.119
Sig. (2-tailed) 0.362 0.082 0.438 0.547
N 28 28 28 28
QuickChangeover

Correlation Coefficient 1.000 0.002 0.176 0.523
Sig. (2-tailed) 0.993 0.370 0.004

N 28 28 28
LeadTimeTracking

Correlation Coefficient 1.000 0.418 0.239
Sig. (2-tailed) 0.027 0.221

N 28 28
InvTurns

Correlation Coefficient 1.000 0.163
Sig. (2-tailed) 0.407

N 28
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Table 28: Spearman Rho Correlation Matrix

IDProblem Batch Kanban Quick LeadTime Inv Order
LeanTracking Parts Sizes WIP Systems Changeover Tracking Turns Freg
Correlation Coefficient 0.306 0.119 0.427 0.320 -0.036 0.167 0.340 0.042
Sig. (2-tailed) 0.114 0.547 0.023 0.097 0.856 0.397 0.077 0.833
N 28 28 28 28 28 28 28 28
VisualControls
Correlation Coefficient 0.152 0.192 -0.247 0.037 -0.248 -0.171 -0.211 9.12
Sig. (2-tailed) 0.439 0.327 0.205 0.851 0.204 0.385 0.281 0.513
N 28 28 28 28 28 28 28 28
AndonSys
Correlation Coefficient 0.172 -0.291 -0.087 0.247 -0.123 -0.255 -0.031 9.03
Sig. (2-tailed) 0.380 0.134 0.658 0.205 0.533 0.191 0.875 0.865
N 28 28 28 28 28 28 28 28
A3
Correlation Coefficient 0.185 0.353 0.331 0.059 0.232 0.148 0.028 0.330
Sig. (2-tailed) 0.347 0.066 0.086 0.767 0.234 0.451 0.887 0.086
N 28 28 28 28 28 28 28 28
FiveS
Correlation Coefficient -0.015 -0.156 0.402 -0.002 0.031 -0.085 0.139 ®.06
Sig. (2-tailed) 0.939 0.429 0.034 0.990 0.877 0.667 0.481 0.729
N 28 28 28 28 28 28 28 28
SignageShadowBoards
Correlation Coefficient -0.282 -0.131 -0.006 -0.134 -0.147 0.063 -0.075 03D.
Sig. (2-tailed) 0.146 0.506 0.978 0.497 0.455 0.750 0.706 0.871
N 28 28 28 28 28 28 28 28
Cleanliness
Correlation Coefficient -0.109 -0.069 0.195 -0.086 -0.195 -0.296 -0.214 295.
Sig. (2-tailed) 0.581 0.729 0.320 0.665 0.319 0.126 0.275 0.128
SupplyMtriMgmt
Correlation Coefficient -0.086 0.118 0.282 -0.140 -0.109 0.177 0.333 0.154
Sig. (2-tailed) 0.663 0.550 0.145 0.478 0.580 0.367 0.084 0.434
POUS
Correlation Coefficient 0.140 0.011 0.407 0.092 -0.440 -0.279 -0.217 -0.322
Sig. (2-tailed) 0.478 0.957 0.032 0.640 0.019 0.150 0.268 0.095
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Table 28: Spearman Rho Correlation Matrix

Pull Leveled Layout Velocity Travel Cell Demand
LeanTracking Systems FlowWork FIFO Zones Slotting Distance Structure Stabilization
Correlation Coefficient 0.389 -0.052 0.482 0.309 0.104 0.259 0.412 0.075
Sig. (2-tailed) 0.041 0.794 0.009 0.110 0.597 0.183 0.029 0.706
N 28 28 28 28 28 28 28 28
VisualControls
Correlation Coefficient 0.180 -0.165 -0.024 -0.053 0.111 -0.020 0.069 ®.09
Sig. (2-tailed) 0.358 0.402 0.902 0.788 0.574 0.920 0.727 0.636
N 28 28 28 28 28 28 28 28
AndonSys
Correlation Coefficient 0.249 0.095 -0.106 -0.047 -0.074 -0.451 0.298 0.102
Sig. (2-tailed) 0.201 0.632 0.593 0.812 0.707 0.016 0.124 0.605
N 28 28 28 28 28 28 28 28
A3
Correlation Coefficient 0.121 0.380 0.291 0.264 0.200 0.418 0.014 0.391
Sig. (2-tailed) 0.539 0.046 0.132 0.175 0.307 0.027 0.945 0.039
N 28 28 28 28 28 28 28 28
FiveS
Correlation Coefficient -0.049 0.400 0.162 -0.185 0.092 -0.139 -0.227| 0.277
Sig. (2-tailed) 0.806 0.035 0.411 0.345 0.640 0.480 0.244 0.153
N 28 28 28 28 28 28 28 28
SignageShadowBoards
Correlation Coefficient -0.210 0.210 -0.038 0.017 0.467 0.013 -0.044 -0.090
Sig. (2-tailed) 0.283 0.284 0.846 0.933 0.012 0.947 0.824 0.649
N 28 28 28 28 28 28 28 28
Cleanliness
Correlation Coefficient -0.145 0.140 -0.027 -0.013 0.241 0.027 -0.264 ®.20
Sig. (2-tailed) 0.463 0.478 0.891 0.948 0.216 0.890 0.174 0.289
SupplyMtriMgmt
Correlation Coefficient -0.102 0.199 -0.029 -0.096 -0.028 0.014 -0.297 D.38
Sig. (2-tailed) 0.605 0.310 0.885 0.625 0.887 0.946 0.125 0.042
POUS
Correlation Coefficient 0.169 0.045 -0.092 0.174 0.194 0.025 0.096 -0.392
Sig. (2-tailed) 0.389 0.819 0.642 0.377 0.321 0.898 0.628 0.039
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Table 28: Spearman Rho Correlation Matrix

Cross Kaizen Employee Systems | Preventative Supplier Tech
LeanTracking Docking PDCA Events Suggestion View Maint Integration SPC Equip
Correlation Coefficient 0.131 0.675 0.460 0.459 0.329 0.459 -0.331 0.455 .07
Sig. (2-tailed) 0.505 0.000 0.014 0.014 0.087 0.014 0.085 0.015 0.706
N 28 28 28 28 28 28 28 28 28
VisualControls
Correlation Coefficient 0.122 -0.406 -0.036 -0.283 -0.246 -0.032 0.486 06.0 -0.033
Sig. (2-tailed) 0.538 0.032 0.856 0.145 0.207 0.872 0.009 0.975 0.867
N 28 28 28 28 28 28 28 28 28
AndonSys
Correlation Coefficient -0.323 0.037 0.080 0.045 0.240 0.136 -0.153 0.367 .3080
Sig. (2-tailed) 0.094 0.852 0.686 0.818 0.219 0.490 0.438 0.065 130.1
N 28 28 28 28 28 28 28 28 28
A3
Correlation Coefficient -0.241 0.566 0.750 -0.060 0.361 0.140 -0.050 -0.0790.089
Sig. (2-tailed) 0.216 0.002 0.000 0.760 0.059 0.476 0.799 0.691 0.654
N 28 28 28 28 28 28 28 28 28
FiveS
Correlation Coefficient -0.307 0.292 0.097 0.419 0.178 0.228 -0.243 0.148 .29
Sig. (2-tailed) 0.112 0.131 0.623 0.026 0.364 0.244 0.212 0.453 0.129
N 28 28 28 28 28 28 28 28 28
SignageShadowBoards
Correlation Coefficient 0.210 -0.084 -0.200 0.223 -0.140 0.156 0.208 -0.2340.209
Sig. (2-tailed) 0.282 0.672 0.307 0.254 0.476 0.427 0.289 0.230 860.2
Cleanliness
Correlation Coefficient -0.004 -0.087 -0.215 0.377 -0.261 0.047 -0.043 36.1 -0.158
Sig. (2-tailed) 0.983 0.660 0.271 0.048 0.180 0.813 0.829 0.49( 0.42p
SupplyMtriMgmt
Correlation Coefficient -0.064 0.109 0.248 0.133 0.449 0.031 0.225 -0.066 .35%
Sig. (2-tailed) 0.748 0.581 0.203 0.501 0.017 0.877 0.249 0.741 0.064
POUS
Correlation Coefficient 0.137 -0.178 -0.090 0.205 0.027 0.076 0.344 0.101 .03
Sig. (2-tailed) 0.486 0.365 0.649 0.295 0.890 0.699 0.073 0.609 600.8
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Table 28: Spearman Rho Correlation Matrix

IDProblem Batch Kanban Quick LeadTime Inv Order

IDProblemParts Parts Sizes WIP Systems Changeover Tracking Turns Freq
Correlation Coefficient 1.000 0.129 0.223 0.525 -0.039 -0.168 -0.114 -0.3b1
Sig. (2-tailed) 0.514 0.253 0.004 0.844 0.392 0.564 0.067
N 28 28 28 28 28 28 28
BatchSizes

Correlation Coefficient 1.000 0.285 0.208 0.357 -0.102 0.08Y 0.149
Sig. (2-tailed) 0.142 0.289 0.062 0.605 0.659 0.450
N 28 28 28 28 28 28
WIP

Correlation Coefficient 1.000 0.026 -0.056 -0.017 -0.062 -0.068
Sig. (2-tailed) 0.897 0.776 0.933 0.752 0.730
N 28 28 28 28 28
KanbanSystems

Correlation Coefficient 1.000 0.179 -0.334 0.153 0.119
Sig. (2-tailed) 0.362 0.082 0.438 0.547
N 28 28 28 28
QuickChangeover

Correlation Coefficient 1.000 0.002 0.176 0.523
Sig. (2-tailed) 0.993 0.370 0.004

N 28 28 28
LeadTimeTracking

Correlation Coefficient 1.000 0.418 0.239
Sig. (2-tailed) 0.027 0.221
N 28 28
InvTurns

Correlation Coefficient 1.000 0.163
Sig. (2-tailed) 0.407
N 28
OrderFreq

Correlation Coefficient 1.000
Sig. (2-tailed)

N
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Table 28: Spearman Rho Correlation Matrix

Pull Leveled Layout Velocity Travel Cell Demand
IDProblemParts Systems FlowWork FIFO Zones Slotting Distance Structure Stabilization
Correlation Coefficient 0.335 -0.079 -0.015 0.010 -0.243 -0.022 0.354 0.007
Sig. (2-tailed) 0.082 0.689 0.940 0.961 0.213 0.912 0.065 0.974
N 28 28 28 28 28 28 28 28
BatchSizes
Correlation Coefficient 0.288 0.596 0.372 0.192 0.163 0.619 -0.086 0.378
Sig. (2-tailed) 0.137 0.001 0.051 0.328 0.407 0.000 0.664 0.047
N 28 28 28 28 28 28 28 28
WIP
Correlation Coefficient 0.083 0.369 0.285 0.313 0.167 0.403 -0.113 0.211
Sig. (2-tailed) 0.675 0.053 0.141 0.105 0.397 0.034 0.567 0.280
N 28 28 28 28 28 28 28 28
KanbanSystems
Correlation Coefficient 0.743 0.118 0.143 0.360 -0.066 0.290 0.576 0.063
Sig. (2-tailed) 0.000 0.551 0.466 0.060 0.740 0.134 0.001 0.749
N 28 28 28 28 28 28 28 28
QuickChangeover
Correlation Coefficient 0.377 0.335 0.165 -0.006 -0.040 0.205 0.164 0.525
Sig. (2-tailed) 0.048 0.081 0.402 0.974 0.842 0.295 0.405 0.004
N 28 28 28 28 28 28 28 28
LeadTimeTracking
Correlation Coefficient -0.380 -0.307 0.101 -0.231 0.062 0.193 -0.028 0.087
Sig. (2-tailed) 0.046 0.112 0.609 0.236 0.752 0.325 0.886 0.659
N 28 28 28 28 28 28 28 28
InvTurns
Correlation Coefficient 0.207 -0.098 0.064 -0.025 0.083 0.168 0.016 0.087
Sig. (2-tailed) 0.292 0.619 0.747 0.899 0.675 0.392 0.934 0.661
N 28 28 28 28 28 28 28 28
OrderFreq
Correlation Coefficient 0.256 0.109 0.094 0.344 0.053 0.433 0.162 0.441
Sig. (2-tailed) 0.189 0.580 0.635 0.073 0.789 0.022 0.411 0.019
N 28 28 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

Cross Kaizen Employee Systems Preventative Supplier Tech
IDProblemParts Docking PDCA | Events Suggestion View Maint Integration SPC Equip
Correlation Coefficient 0.360 0.085 0.332 -0.002 -0.040 0.214 0.004 0.187 0.076
Sig. (2-tailed) 0.060 0.668 0.085 0.993 0.838 0.274 0.982 0.341 020.7
N 28 28 28 28 28 28 28 28 28
BatchSizes
Correlation Coefficient 0.022 0.341 0.482 -0.127 -0.053 0.010 0.183 0.085 .254
Sig. (2-tailed) 0.913 0.075| 0.009 0.520 0.788 0.958 0.353 0.666 0.193
N 28 28 28 28 28 28 28 28 28
WIP
Correlation Coefficient -0.091 0.372 0.401 0.082 0.220 0.059 -0.196 0.190 .1760
Sig. (2-tailed) 0.646 0.051| 0.034 0.677 0.260 0.766 0.318 0.33¢ 0.370
N 28 28 28 28 28 28 28 28 28
KanbanSystems
Correlation Coefficient 0.257 0.188 0.284 0.306 -0.018 0.270 0.032 0.4p8 040.
Sig. (2-tailed) 0.187 0.337 0.143 0.113 0.928 0.164 0.873| 0.023 0.841
N 28 28 28 28 28 28 28 28 28
QuickChangeover
Correlation Coefficient -0.242 0.523 0.353 0.136 0.075 0.091 -0.143 0.1p1 .13
Sig. (2-tailed) 0.215 0.004 0.065 0.490 0.706 0.644 0.467 0.539 0.5p1
N 28 28 28 28 28 28 28 28 28
LeadTimeTracking
Correlation Coefficient -0.034 0.143 0.243 -0.224 0.174 0.195 0.129 -0.2800.055
Sig. (2-tailed) 0.865 0.467 0.213 0.253 0.375 0.320 0.511 0.149 820.7
N 28 28 28 28 28 28 28 28 28
InvTurns
Correlation Coefficient 0.064 0.257 0.263 0.136 0.293 0.058 0.154 0.017 520.1
Sig. (2-tailed) 0.747 0.187 0.176 0.491 0.130 0.770 0.435 0.9832 3904
N 28 28 28 28 28 28 28 28 28
OrderFreq
Correlation Coefficient -0.225 0.469 0.442 -0.029 0.142 -0.162 -0.211 0.0470.067
Sig. (2-tailed) 0.249 0.012 0.019 0.885 0.471 0.411 0.280 0.813 0.733
N 28 28 28 28 28 28 28 28 28
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Table 28: Spearman Rho Correlation Matrix

Pull Leveled Layout Velocity Travel Cell Demand
PullSystems Systems FlowWork FIFO Zones Slotting Distance Structure Stabilization
Correlation Coefficient 1.000 0.067 0.272 0.428 0.040 0.222 0.669 0.110
Sig. (2-tailed) 0.736 0.162 0.023 0.839 0.256 0.000 0.579
N 28 28 28 28 28 28 28
LeveledFlowWork
Correlation Coefficient 1.000 0.294 0.049 0.286 0.324 -0.192 0.398
Sig. (2-tailed) 0.129 0.803 0.140 0.092 0.327 0.036
N 28 28 28 28 28 28
FIFO
Correlation Coefficient 1.000 -0.029 -0.035 0.371 0.114 0.290
Sig. (2-tailed) 0.883 0.858 0.052 0.562 0.134
N 28 28 28 28 28
LayoutZones
Correlation Coefficient 1.000 0.395 0.584 0.255 -0.151
Sig. (2-tailed) 0.037 0.001 0.190 0.442
N 28 28 28 28
VelocitySlotting
Correlation Coefficient 1.000 0.394 0.067 -0.147
Sig. (2-tailed) 0.038 0.734 0.454
N 28 28 28
TravelDistance
Correlation Coefficient 1.000 -0.023 0.126
Sig. (2-tailed) 0.909 0.523
N 28 28
CellStructure
Correlation Coefficient 1.000 -0.188
Sig. (2-tailed) 0.338
N 28
DemandStabilization
Correlation Coefficient 1.000
Sig. (2-tailed)
N
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Table 28: Spearman Rho Correlation Matrix

Cross Kaizen Employee Systems Preventative Supplier Tech
PullSystems Docking PDCA | Events Suggestion View Maint Integration SPC Equip
Correlation Coefficient 0.145 0.374 0.425 0.312 0.163 0.280 0.027 0.6P6 1090.
Sig. (2-tailed) 0.460 0.050 0.024 0.106 0.406 0.149 0.890 0.000 0.580
N 28 28 28 28 28 28 28 28 28
LeveledFlowWork
Correlation Coefficient -0.282 0.321 0.195 0.021 0.025 -0.025 -0.072 -0.0310.368
Sig. (2-tailed) 0.146 0.096 0.320 0.917 0.899 0.898 0.717 0.874 540.
N 28 28 28 28 28 28 28 28 28
FIFO
Correlation Coefficient -0.088 0.538 0.319 0.219 0.086 0.419 -0.334 0.328 0.037
Sig. (2-tailed) 0.655 0.003 0.098 0.264 0.664 0.026 0.083 0.088 0.853
N 28 28 28 28 28 28 28 28 28
LayoutZones
Correlation Coefficient 0.201 0.242 0.404 0.043 0.092 -0.143 -0.059 0.192 0.128
Sig. (2-tailed) 0.306 0.215 0.033 0.828 0.640 0.469 0.766 0.328 0.51
N 28 28 28 28 28 28 28 28 28
VelocitySlotting
Correlation Coefficient -0.018 0.079 0.130 -0.139 -0.240 0.100 0.274 -0.1350.108
Sig. (2-tailed) 0.926 0.688 0.510 0.480 0.219 0.611 0.158 0.405 840.5
N 28 28 28 28 28 28 28 28 28
TravelDistance
Correlation Coefficient 0.107 0.416 0.584 -0.129 -0.072 -0.041 0.009 -0.1070.027
Sig. (2-tailed) 0.589 0.028 0.001 0.513 0.717 0.834 0.962 0.589 0.84
N 28 28 28 28 28 28 28 28 28
CellStructure
Correlation Coefficient 0.199 0.176 0.212 0.198 0.061 0.408 -0.006 0.349 .288
Sig. (2-tailed) 0.310 0.370 0.280 0.312 0.759 0.031 0.976 0.069 0.137
N 28 28 28 28 28 28 28 28 28
DemandStabilization
Correlation Coefficient -0.425 0.440 0.341 0.126 0.195 0.107 -0.142 0.347 .5110
Sig. (2-tailed) 0.024 0.019 0.076 0.522 0.320 0.586 0.470 0.07 0.005
N 28 28 28 28 28 28 28 28 28

)0
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Table 28: Spearman Rho Correlation Matrix

Cross Kaizen Employee Systems | Preventative Supplier Tech
CrossDocking Docking PDCA Events Suggestion View Maint Integration SPC Equip
Correlation Coefficient 1.000 -0.100 -0.109 -0.047 -0.157 0.073 0.170 -D.00-0.614
Sig. (2-tailed) 0.613 0.580 0.812 0.425 0.712 0.388 0.9] 0.001
N 28 28 28 28 28 28 28 28
PDCA
Correlation Coefficient 1.000 0.640 0.353 0.321 0.266 -0.449 0.380 0.q09
Sig. (2-tailed) 0.000 0.065 0.096 0.172 0.017 0.087 0.964
N 28 28 28 28 28 28 28
KaizenEvents
Correlation Coefficient 1.000 -0.102 0.265 0.200 -0.067 0.133 0.115
Sig. (2-tailed) 0.605 0.173 0.306 0.735 0.501 0.559
N 28 28 28 28 28 28
EmployeeSuggestion
Correlation Coefficient 1.000 0.199 0.324 -0.117 0.418 0.131
Sig. (2-tailed) 0.310 0.093 0.552 0.027 0.505
N 28 28 28 28 28
SystemsView
Correlation Coefficient 1.000 0.169 -0.018 0.226 0.244
Sig. (2-tailed) 0.391 0.927 0.247 0.210
N 28 28 28 28
PreventativeMaint
Correlation Coefficient 1.000 0.088 0.502 0.029
Sig. (2-tailed) 0.655 0.007 0.883
Supplierintegration
Correlation Coefficient 1.000 -0.157 0.103
Sig. (2-tailed) 0.425 0.601
SPC
Correlation Coefficient 1.000 0.149
Sig. (2-tailed) 0.448
TechEquip
Correlation Coefficient 1.000
Sig. (2-tailed)
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APPENDIX E:
SIXTEEN FACTOR ANALYSIS

Factor analysis was first completed using one less factor thastatistically significant,
sixteen, using proper Factor Analysis procedures. The correspondgints rean be seen in
Table 29: Total Variance Explained Sixteen Factors and the porréisig pared down rotated
components matrix can be seen in Table 32: Pared Down Rotated CompdagiksSixteen
Factors. The results seen for sixteen factors did not explaimariance as well as the results

seen for seventeen factor analysis.

Table 29: Total Variance Explained Sixteen Factors

Initial Ei Extraction Sums of Squared Rotation Sums of Squared

nitial Eigenvalues . .

Component _ _ Loadings _ Loadings _

Total A) of Cumulative Total % of Cumulative Total % of Cumulative
Variance % Variance % Variance %

1 9.805| 17.201 17.201 9.805| 17.201 17.201 4.792 8.407 8.407
2 5.511 9.668 26.869 5.511 9.668 26.869 4.249 7.455 15.862
3 5.008 8.786 35.655 5.008 8.786 35.655 4.216 7.396 23.258
4 4.504 7.902 43.557 4.504 7.902 43.557 3.979 6.980 30.238
5 3.882 6.811 50.368 3.882 6.811 50.368 3.647 6.398 36.636
6 3.409 5.981 56.349 3.409 5.981 56.349 3.575 6.272 42.908
7 3.094 5.428 61.778 3.094 5.428 61.778 3.127 5.485 48.393
8 2.669 4.683 66.460 2.669 4.683 66.460 3.034 5.324 53.716
9 2.324 4.077 70.538 2.324 4.077 70.538 2.947 5.170 58.886
10 2.004 3.515 74.053 2.004 3.515 74.053 2.886 5.062 63.949
11 1.916 3.361 77.414 1.916 3.361 77.414 2.742 4.810 68.758
12 1.580 2.772 80.186 1.580 2.772 80.186 2.695 4,728 73.486
13 1.503 2.638 82.823 1.503 2.638 82.823 2.545 4.464 77.950
14 1.418 2.488 85.312 1.418 2.488 85.312 2.483 4.356 82.306
15 1.345 2.360 87.672 1.345 2.360 87.672 2.393 4.198 86.504
16 1.229 2.156 89.828 1.229 2.156 89.828 1.894 3.324 89.828
17 .992 1.741 91.568
18 .924 1.620 93.189
19 .709 1.244 94.432
20 .647 1.135 95.568
21 .623 1.092 96.660
22 .528 .926 97.586
23 475 .833 98.419
24 .305 .535 98.954
25 .275 .483 99.437

Extraction Method: Principal Component Analysis.
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Table 30: Component Transformation Matrix Sixteen Factors

Component Matrix

Component

1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16
StndWorkDispatches .325| .314 | .074 | -.223| .123|-.293| .541 | .105|-.247|-.125|-.089| .191 |-.126| .109 | -.060| .042
CommodityGroup 123 | .250 | .477|-.411| .068 | .274|-.032| .253|-.240| .254 | -.231| .079 | .118| .006 | -.350| .002
CommonPrcsBestPracticey .519 | -.354| .086 | .037 | -.346| .074 | -.063| .152 | -.066| .283 | -.259| -.166| -.109| .093 | .278 | .093
LoadUnload -.527| .070|-.023| .151 | .301 | -.055| .268 | .577 | -.008| .239 | -.015| -.039| .019 | .160 | .039 | -.159
RoutingTravel -.032| .346| .120| .096 | -.668| .200 | .307 | .054 | .086 | -.212| .218 | -.015| .116 | -.049| .035 | -.225
SafetyErgonomics .650 | -.536|-.015| -.057| .009 | -.154| .153 | -.068| -.134| -.115| -.040| -.251| -.005| .092 | .191 |-.176
LeadershipRoles .735|-.416|-.025|-.025| .008 | -.175| -.124|-.096| -.062| -.165| .217 | .188 | .080 | -.201| .045 | -.201
MgmtStyle .683 | -.154|-.088| .062 | -.136|-.395| -.265| .050 | .174 | .079| .060 | -.041| .152 | -.049| -.059| -.283
CrossTraining .068 | -.219| .215| .223 | -.061|-.015| .357 | .420| .511 |-.319|-.153| .156 | .119| .093 | .122 | -.164
TeamworkEmpowerment | .492 |-.401|-.306| .029 | .063 | .005 | .121 | .064 | -.157|-.132| .415| .236 | .232| .107 |-.207| -.019
PowerDistance 124 | -.161| .463| .280 | -.171|-.094|-.019| .412 | .265 | -.061|-.240| .035 | .089 | -.189| -.236| .116
EERecognition 449 | -.060| .253| .307 |-.112| .056 | .016 | -.266| -.354| -.140| .483| .132 | .061 | -.102|-.198| .180
CommunicationStrategy | .642|-.006(-.091| .161|-.016|-.119| .079 |-.017|-.347| .229 | .015|-.051|-.069| .352 | -.175| -.082
TurnoverLayoff -.034|-.336| .085| .060 |-.128| -.076| -.051| .270 | -.562| .071 | -.315| .025 | .313| .296 | .277 | -.053
FiveWhyRootCause 513 | .075|-.362|-.249| .045| .387 | -.076| .319 | -.077|-.054| -.036| -.163| -.209| .038 | -.371| -.066
InspectionAutonomation | .705 | -.086|-.319|-.224| .097 | .193 | .204 | -.028| .217 | .192|-.116|-.108| .228 | -.115| .076 | .136
ErrorProofing 417 | 179 |-.478|-.207|-.087| .202 | -.084| .291 | .059 | -.250| .128 | -.267|-.223| -.089| .024 | .167
InventoryIntegrity .246 | -.214| .616 | -.061| .098 | .447 | -.179|-.103| .056 | .117 | .261| .091 | .115|-.026| .238 | -.230
ProductProcessQuality -.075| .139| .420|-.358| .565 | -.072| -.303| -.059| -.158| .074 | -.052| -.177| .316 | -.161| .074 | .024
QualityMeasStats 212 | .123| .452| .163 | .554 | .349|-.234|-.190| .216 | .098 | .062 | -.238| .064 | .056 | -.121| -.053
VSM 411 | .019|-.178|-.080|-.474|-.278| -.134| .204 | .344| .136 | .117| .237 | .020 | -.001| .227 | .060
ProcessControlBoards .281 | .406 | .069 | -.007| .438|-.070| .144 | .161|-.170|-.467|-.045| -.106| -.242| -.066| .051 | -.251
MetricsKPIBoards .189 | .007 | .616 | -.035|-.180| .525|-.090| .186 | -.056| -.224|-.100| .039 | .169 | .078 | -.032| .184
LeanTracking .572| .399 | -.002| .469 | .005 | -.150| -.256 | -.057| -.025| -.218| -.168| -.144| .047 | .023 | -.050| .042
VisualControls -.358| .317 |-.009| .045 | .320 | -.042| .380 | .129| .214| .015| .245|-.109| .309 | -.102| -.001| .196
AndonSys 178 |-.219|-.560| .417 | .250| .189| .093 | .222 | -.007| .270 | .178| .024 | -.138| -.046| -.079| .229
A3 .618| .212| .136 | .053 | -.034|-.287| .125|-.165| .227 | .443|-.036| .010 | -.007| .079 | -.233| -.241
FiveS 448 | -.452| .181| .458 | .100 | .069 | .014 |-.160|-.009| .179 | -.070| .179 |-.238| .114 | -.008| .242
SignageShadowBoards | -.109|-.138| .596 | .202 | -.076| .062 | -.233| .282 | .244| .061 | .133| .176 | -.401| .132|-.086| .045
Cleanliness -.014|-.319| .679| .329 |-.006| .218 | -.008| -.293| -.081| -.038| -.119| -.241| .052 | -.161| .025 | .005
SupplyMtriMgmt .367 | -.282| .343| .090 | .437 |-.375|-.088| .312 | .055 | -.013| -.006| .229 | .046 | -.226| -.011| .089
POUS -.093| .049| .277| .562| .190|-.313| .261 | .203| .116| .131| .109|-.136|-.127|-.120| -.023| .175
IDProblemParts -.137| .351|-.190| .401 | .347 | -.097| .079 | -.469| .122 | .156 | -.216| .183 | -.136| -.035| .113 | -.041
BatchSizes .343 | .566 | .312|-.314| .204 | -.094| .378 | -.183| -.016| -.225| -.107| .110 | -.049| .045 | -.086| .086
WIP 526 | .091| .197| .386 | -.169|-.417| .190 | -.047| .041 | -.078| -.158| -.148| -.011| -.133| .275| .122
KanbanSystems 147 | .644|-.124| .313| .068 | .294 | -.020| .010 | -.160| .297 | -.123| .170| .106 | .114| .209 | .105
QuickChangeover .371| .256 |-.088|-.478| .128 | .343 | -.002| -.184| .122 | -.053| -.040| .235 | -.260| .054 | .237 | -.206
LeadTimeTracking .202 | .052 |-.007|-.439| .143|-.337|-.505| .080 | .292 | -.091| .033 | -.206|-.065| .307 | .095 | .252
InvTurns .290 | .096 | .030|-.139| .148|-.281| -.523| .057 | -.322| -.182| .157| .301 | .115| .187| .143 | .242
OrderFreq 442 | 272 | .096 | -.471|-.095| .294|-.188| .391| .070| .241| .067 | .127 |-.027|-.309| .093 | .092
PullSystems .262 | .682|-.211| .355| .052| .275| .015| .110|-.104| .103| .132| .199 | .226 | -.100| .135|-.031
LeveledFlowWork 434 |-.088| .455| .000 |-.091| .181| .471 |-.233|-.002| .102 | -.049| .281 | -.203| .210| .000 | .017
FIFO 457 | .140|-.183| .044 |-.231| .117| .193 | -.033| .310 | -.144|-.165| -.028| .402 | .421|-.236| .154
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Table 30: Component Transformation Matrix Sixteen Factors

Component Matrix

Component

1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16
LayoutZones .221| .502 | .144| .093 |-.371|-.127| .179| .265|-.411| .152 | .143|-.286|-.071|-.193| .086 | -.134
VelocitySlotting .057 | .189 | .560 | .004 |-.337|-.060| .040 | .053|-.017| .056 | .568 | -.159|-.175| .154| .130 | .105
TravelDistance 406 | .514 | .492|-.248|-.216|-.286| .138 | -.032| -.048| -.105| -.059| -.205| .015| .089 | .008 | .115
CellStructure -.141| .721|-.123| .309 | -.162| .182 | -.267| .196 | .064 | .091 | .078 | .079 | -.026| .145 | .159 | -.040
DemandStabilization .646 | -.144| .037 | -.333| .289 | .224| .258 | .039 | .233 | -.089| -.065| .187 | .075|-.102| .196 | .018
CrossDocking -454| 413 | .065| .198 | .034 | -.302| -.341| .050 | -.085| -.333| -.234| .328 | -.110| -.040| -.033| .045
PDCA 779 | .312|-.004| .028 | -.135| .069 | -.289| -.144| .121 | -.056| -.086| .034 |-.111|-.119| -.143| -.052
KaizenEvents .621| .416 | .023|-.161| .112|-.361|-.068|-.192| .109 | .345 | -.041| -.056| .020 | -.117| -.013| .023
EmployeeSuggestion .328 | -.117| .040| .537 | .121| .399 | -.253| .255|-.136|-.124| -.281| -.020| -.152| -.064| -.005| -.156
SystemsView .582|-.046|-.114| .163 | .270|-.312| -.183| .337|-.093| .052 | .034| .041 | .037| .011 |-.121|-.223
PreventativeMaint .259 | .195|-.054| .430 | .337| .211 | -.258|-.095| .287 | -.195| .190 | -.245| .035| .372 | .095 | -.097
Supplierintegration -.393| .127| .323|-.068| .570|-.194| .111| .226| .071 | .108 | .288| .038 | .041| .226 | .051 | -.189
SPC 467 | .105|-.280| .602 | .228 | .209| .173|-.021|-.094|-.183| .034 | -.026| .141|-.137| .094 | .102
TechEquip 424 |-.297|-.096|-.291| .515| .129| .340 | .162 | -.134| -.058| .044 | -.143|-.212| .044| .196 | .197

Extraction Method: Principal Component Analysis.
a 16 components extracted.
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Table 31: Rotated Component Transformation Matrix Sixteen Factors

Rotated Component Matrix

Component

1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16
StndWorkDispatches 120 .031| .121| .806 |-.286|-.141| .019| .037| .114| .091|-.014|-.027| .025| .087 | .060 | .036
CommodityGroup .045| .028 |-.016| .266 | .223|-.101| .042| .073|-.089| .872|-.041|-.019(-.091| .031 | .115| .055
CommonPrcsBestPractices .275(-.049| .402|-.178|-.049| .343| .184| .109|-.153| .075| .121| .034| .036 | .340| .493|-.008
LoadUnload -.170| .125|-.091|-.072|-.110(-.812|-.082| .061|-.230| .035| .144|-.151| .218|-.048| .146 |-.091
RoutingTravel -.080| .211|-.157| .077 |-.174| .169| .602|-.015| .021|-.012| .248|-.460|-.137|-.222|-.069| .216
SafetyErgonomics .353(-.387| .484| .125| .096 | .209| .028| .133| .243|-.288| .060|-.011|-.045| .084 | .433 (-.008
LeadershipRoles 477 (-.205| .288| .018| .038| .326 |-.026| .042| .617|-.115| .167| .106 | -.168| .026 | .103 |-.189
MgmtStyle .818(-.093| .105-.109(-.032| .211| .031| .097| .242|-.096| .179| .162 |-.020(-.082| .100| .038
CrossTraining -.009(-.091| .111| .074 |-.029|-.180| .019|-.034|-.018|-.161| .886 |-.148| .023 | .055| .043| .178
TeamworkEmpowerment .162(-.098| .285-.075|-.140|-.030|-.078| .177| .814|-.078| .011| .014 |-.063| .060 | .074 | .189
PowerDistance .144-115|-.121|-.046| .103| .114| .050|-.001|-.033| .304 | .650 | -.036| .418| .131| .029| .028
EERecognition .069| .089(-.019| .126| .214| .328| .317|-.056| .732| .012|-.141|-.060| .191 | .220 | -.042|-.015
CommunicationStrategy .502| .107| .118| .197 |-.004| .027 | .048| .238| .279|-.023| -.266| -.036| .054 | .337 | .350| .207
TurnoverLayoff -.091(-.024|-.014|-.080| -.076|-.070|-.058| -.139| .070| .106| .030| .056 | .049 | .000| .915| .009
FiveWhyRootCause 157 .048| .231| .054 |-.016| .098|-.103| .832| .106 | .264 | -.083|-.031(-.187| .022 |-.026| .151
InspectionAutonomation .322| .115| .797| .039 |-.040| .235|-.186| .152| .064 | .086 | .009 | .010 |-.063|-.057|-.052| .234
ErrorProofing -.001| .143| .313| .041|-.206| .239| .114| .727| .011|-.074|-.015| .192|-.067|-.169| -.137| .036
InventoryIntegrity .038(-.003| .242-.153| .626 | .013| .324|-.227| .201| .225| .189|-.014|-.363| .159 | .064 |-.196
ProductProcessQuality .015(-.074| .065| .180| .535|-.179|-.125|-.237|-.081| .351|-.185| .387 | .033 |-.366| .038 | -.248
QualityMeasStats 136 .132| .103| .022| .897|-.107|-.038| .023|-.031| .095|-.010| .099| .015| .120 |-.223| .039
VSM 436 .126| .163|-.183|-.507| .217| .267|-.035| .021|-.022| .301 | .267 |-.128| .046 |-.050| .065
ProcessControlBoards .070| .142|-.045| .690| .230(-.114|-.056| .403| .054|-.184| .114| .032|-.061|-.170| -.007| -.252
MetricsKPIBoards -.297| .077| .030| .092 | .429| .255| .303| .040| .077| .474| .372| .038|-.065| .127 | .190| .168
LeanTracking 427 .424|-.172| .255| .249| .399|-.021| .227| .077|-.208| .099| .173| .243|-.007| .078| .136
VisualControls -.249| .202| .134| .123| .011 |-.466| .027 | -.183|-.038| -.026| .031|-.040| .333|-.333|-.361| .117
AndonSys .007 | .293| .336 | -.352|-.164|-.158|-.290| .374| .259|-.189|-.104|-.085| .301 | .301 |-.086|-.032
A3 .853|.075| .127| .213| .048| .012| .076|-.094|-.022| .097 |-.047|-.123| .005 | .220|-.137| .190
FiveS 157 (-.011| .213|-.087| .208 | .218 |-.125|-.065| .246|-.123| .099 | .005| .205| .743| .124 |-.028
SignageShadowBoards -.030(-.121|-.305|-.164| .218 |-.149| .328| .024|-.080| .178| .402| .139| .042| .539|-.114(-.180
Cleanliness -.124(-.211|-.017|-.048| .665| .275| .150|-.297|-.011| .033| .125|-.257| .243| .190| .169 |-.124
SupplyMtriMgmt .321-.151| .150| .157 | .147|-.131|-.204|-.088| .310| .147| .411| .339| .294| .143| .036 |-.350
POUS .092| .098 |-.064| .089| .092|-.278| .118|-.105|-.043| -.186| .204 |-.093| .672| .215|-.123|-.168
IDProblemParts .092| .417|-.146| .156 | .089 |-.026|-.416|-.295|-.210| -.380| -.203| -.125| .030| .170 | -.264|-.077
BatchSizes .082|.108| .089| .889| .095| .047| .074|-.077|-.028| .171|-.021| .061 |-.105|-.015|-.231| .134
WIP 407 | .136| .159| .337|-.019| .361| .194|-.144|-.030|-.303| .257| .022| .405| .091 | .172|-.061
KanbanSystems .034|.889| .014| .108| .045|-.006|-.029|-.021|-.117| .088 | -.161|-.025| -.020| .103 | .076 | .083
QuickChangeover .065| .160| .305| .302| .042| .123|-.024| .148|-.095| .058|-.052| .080 | -.727| .082 |-.182-.084
LeadTimeTracking .219(-.228| .055| .012| .029| .006 | .079| .159|-.222|-.026|-.037| .843|-.102(-.081|-.085| .135
InvTurns .095| .149-.153| .132-.029| .106 |-.002|-.023| .384 | .078|-.098| .745|-.102|-.004| .213 |-.106
OrderFreq .180| .263| .377| .015|-.088| .138| .229| .256|-.051| .628| .129| .209 | -.242| -.080| -.136| -.225
PullSystems 114 .922| .023| .108| .014| .002| .044| .091| .169| .035|-.014|-.105|-.016(-.140|-.082| .026
LeveledFlowWork .085(-.048| .267 | .415| .117| .109| .202|-.221| .125| .120| .120|-.262(-.177| .604 | .033| .134
FIFO 186 .161| .187| .122|-.051| .195|-.027| .098| .084 |-.005| .195| .014 |-.021(-.011| .008 | .852
LayoutZones .257| .323|-.062| .286 |-.153| .057 | .574| .191|-.061| .147|-.143|-.255| .240|-.193| .225 |-.207
VelocitySlotting .013(-.014|-.073| .088| .109 |-.069| .900|-.096| .054 | .041|-.013| .099| .081 | .172|-.080|-.047
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Table 31: Rotated Component Transformation Matrix Sixteen Factors

Rotated Component Matrix

Component

1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16
TravelDistance .290( .021 |-.008| .656 | .070| .206 | .495|-.069|-.173| .208 | .014| .181 | .096 |-.091| .029 | .158
CellStructure -.003| .767 |-.361|-.096| -.043|-.086| .230| .141|-.232|-.029| .013| .076|-.086/| -.063| -.087| .058
DemandStabilization .138(-.010| .711| .303| .103| .097 | -.151| .051| .180| .111| .304| .091 | -.300| .066 | -.084|-.001
CrossDocking -.188| .220|-.764| .184 |-.115| .024 |-.206|-.112|-.140|-.041| .136| .260| .061 | -.090| -.062| -.189
PDCA 544 .261|.049| .188| .151| .546| .046| .287| .094| .099| .054 | .118(-.164| .091 |-.160| .068
KaizenEvents .723|.203| .230| .326| .003| .160| .026|-.079|-.092| .122|-.218| .232| .046 | -.027|-.192(-.010
EmployeeSuggestion .056 | .303|-.059(-.131| .393| .211|-.217| .439| .090|-.034| .314|-.148| .063| .257 | .312|-.169
SystemsView .617|.086| .055| .080| .029-.129|-.172| .318| .328|-.016| .142| .199| .109| .015| .193(-.120
PreventativeMaint .135| .348(-.006|-.075| .562|-.091| .030| .254 | .058 |-.474| .079| .211|-.059| .057 |-.101| .266
Supplierintegration -.057(-.046|-.116| .153| .237|-.835| .057|-.189|-.024| .000| .035| .160| .012 | -.054|-.102|-.149
SPC .051| .530( .267| .108| .181| .198|-.199| .213| .370|-.348| .102 |-.163| .273| .029 | .036 | .045
TechEquip -.110(-.182| .724 | .326| .076 |-.167|-.140| .318| .145|-.066|-.059| .158 |-.001| .180| .107 |-.155

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization

a Rotation converged in 23 iterations.
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Table 32: Pared Down Rotated Components Matrix Sixteen Factors

Component 1

A3 0.85347
MgmtStyle 0.81753
KaizenEvents 0.72320
SystemsView 0.61685
PDCA 0.54379
CommunicationStrategy 0.50229
Component 2
PullSystems 0.92176
KanbanSystems 0.88889
CellStructure 0.76743
SPC 0.53001
Component 3
InspectionAutonomation 0.79704
TechEquip 0.72430
DemandStabilization 0.71070
CrossDocking -0.76418
Component 4
BatchSizes 0.88884
StndWorkDispatches 0.80576
ProcessControlBoards 0.68984
TravelDistance 0.65588
Component 5
QualityMeasStats 0.89735
Cleanliness 0.66501
InventoryIntegrity 0.62598
PreventativeMaint 0.56201
ProductProcessQuality 0.53521
VSM -0.50660
Component 6

PDCA 0.54556
VisualControls -0.46580
LoadUnload -0.81153
Supplierintegration -0.83523

Component 7
VelocitySlotting 0.89997
RoutingTravel 0.60201
LayoutZones 0.57380
Component 8
FiveWhyRootCause 0.83234
ErrorProofing 0.72706
Component 9
TeamworkEmpowerment 0.81397
EERecoghnition 0.73151
LeadershipRoles 0.61712
Component 10
CommodityGroup 0.87206
OrderFreq 0.62756
Component 11
CrossTraining 0.88589
PowerDistance 0.64985
Component 12
LeadTimeTracking 0.84253
InvTurns 0.74495
Component 13
POUS 0.67201
QuickChangeover -0.72684
Component 14
FiveS 0.74335
LeveledFlowWork 0.60398
SignageShadowBoards 0.53868
Component 15
TurnoverLayoff 0.91477
Component 16
FIFO 0.85196




Table 33: Component Transformation Matrix Sixteen Factors

Component Transformation Matrix

Component 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 571 | 131 | 441 | .264 | .105| .365| .063 | .261 | .308 | .033 | .106 | .123 | -.063| .178 | .097 | .091
2 .094 | .651 | -.271| .440 | -.017|-.038| .193 | .068 | -.266| .110 | -.156| .051 | -.039 | -.247| -.278| .084
3 -.007|-197| -.151| .260 | .522 | -.025| .416 | -.362| -.066 | .356 | .285 | .027 | .102 | .213 | .069 | -.141
4 .074 | 429 | -.276| -.210| .208 | .044 | -.063| -.027| .156 | -.425| .211 | -.268| .480 | .281 | .095 | .001
5 -.033| .048 | .211 | .234 | .458 | -.487 | -.529| .050 | .096 | -.091| -.104| .249 | .068 | .003 | -.153| -.224
6 -473| .303 | .254 | -.244| .380 | .124 | .015| .281 | .006 | .254 | .019 | -.319| -.347| .129 | -.048| .120
7 -.163| -.075| .397 | .479 | -.263| -.258| .071 | -.143| .029 | -.114| .078 | -.577| .166 | .077 | -.052| .176
8 -.024| .115| .036 | -.092| -.252 | -.420| .114 | .476 | -.024| .312 | .503 | .130 | .210 | -.088 | .246 | -.131
9 .188 | -.077| .161 | -.232| .044 | -.055| -.016| -.087| -.337 | -.174| .511 | .099 | -.094| .018 | -.605| .277
10 .397 | 191 | .246 | -.375]| -.091| -.278| .022 | -.249| -.265| .348 | -.377| -.139| .105 | .294 | .024 | -.081
11 -.029| .009 | .064 | -.202| .005 | -.295| .575| .030 | .560 | -.163| -.192| .094 | -.032| -.066 | -.365 | -.105
12 -.060| .243 | -.192| .072 | -.356 | -.034 | -.277| -.352| .392 | .216 | .270 | .069 | -.378| .342 | -.120| -.119
13 .042 | .166 | .136 | -.164| .129 | -.047 | -.113| -.417| .283 | .193 | .113 | .031 | .109 | -.589| .215 | .428
14 -.027| -.010| -.139| .063 | .046 | -.358| .125 | .047 | -.059| -.204| -.108 | .268 | -.251| .359 | .338 | .627
15 -.161| .292 | .382 | -.024| -.053| .029 | .216 | -.302| -.245| -.411| .136 | .232 | -.226| -.081 | .327 | -.369
16 -426| .094 | .235| .026 | -.164| .260 | .013 | -.073| -.005| .156 | -.115| .476 | .517 | .250 | -.170| .178

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization
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Component Plot in Rotated Space Sixteen Factors

Component Plot in Rotated Space
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Figure 24: Component Plot in Rotated Space Sixteen Factors
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APPENDIX F:
SEVENTEEN FACTOR ANALYSIS

Factor analysis was completed using all seventeen statissagthificant factors, using
proper Factor Analysis procedures. The corresponding results carebeirs Table 34:
Component Matrix Seventeen Factors and the corresponding rotated corapua#i® can be
seen in Table 35: Component Transformation Matrix Seventeen Facidns. results for

seventeen factors explained the variance and the rémites than that seen for sixteen factor

analysis.
Table 34: Components Matrix Seventeen Factors
Component Matrix®
Component

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
SOPs 507 | .201| .176 | -.068| -.025| -.177| -.104| .094 | -.341| -.398| .011 | -.389| -.118| -.118]| -.105| .005 | .199
StndWorkDispatches 336 | .317 | .057 | -.218]| .124 | -.271| .549| .120 | -.255| -.034| -.094| -.060| .093 | .188 | -.031| .039 | -.159
CommodityGroup 37| .279 | .464 | -.395| .072| .284 | -.041| .255 | -.157| .293 | -.223| -.144| .070 | -.162]| -.293]| -.003| -.245
CommonPrcsBestPracticd .508 | -.364| .094 | .040 | -.344| .086 | -.057| .137 | .046 | .327 | -.252| .048 | -.154| .171 | .154 | .098 | .056
LoadUnload -531| .073|-.027| .151| .301 | -.050| .266 | .571| .082 | .242|-.008| -.011|-.005| .102 | -.081| -.157| .119
RoutingTravel -.025| .351| .095| .103|-.666| .219| .300 | .061 | .034 | -.203| .211 | .140| .080 | -.069| .041 | -.225| -.160
SafetyErgonomics .632 | -.554| .004 | -.058| .009 | -.138| .165|-.071|-.098| .032 | -.048| .321|-.115| .117 | .093 | -.173]| .010
LeadershipRoles .737 | -.421| .000 | -.031| .005 | -.190| -.124| -.087| -.115| -.158| .212 | -.052| .174 | -.137| .154 | -.201| -.004
MgmtStyle .677|-.172|-.089| .061 | -.137| -.389| -.236| .023 | .238 | .077 | .062 | .068 | .055 | -.135| -.051| -.284| .013
CrossTraining .063 | -.213| .218 | .227 | -.060| .001 | .358 | .410 | .436 | -.405| -.162| .092| .239 | .096 | .048 | -.163| -.061
TeamworkEmpowerment | .488 | -.422| -.282| .018 | .060 | -.013| .105| .085 | -.215| -.123| .411 | -.043| .303 | -.066| -.250| -.021| .038
PowerDistance 129 | -.135| .467 | .287 | -.171|-.092| -.016| .401 | .255 | -.135| -.240| -.075| .020 | -.259]| -.091| .113| .017
EERecognition 460 | -.049| .252| .310|-.113]| .044 | .003 | -.239|-.413| -.077| .478 | -.047| .105|-.138| -.086| .176 | -.112
CommunicationStrategy | .641 | -.025|-.101| .162 | -.017|-.114| .084 | -.012| -.268| .313 | .021 | -.035| -.071| .218 | -.337| -.082| .267
TurnoverLayoff -.047|-.335| .100 | .060 | -.128| -.074| -.048| .271|-.410| .385|-.320| .344 | .331 | .192 | .006 | -.048| .075
FiveWhyRootCause 517 | .050 | -.365]| -.254| .046 | .367 | -.105| .336 | -.118| -.084 | -.036| -.090| -.308| -.027| -.286| -.070| -.055
InspectionAutonomation | .684 | -.131|-.336|-.220| .102 | .226 | .214 | -.048| .282 | .161|-.111| .099 | .052 | -.201| .056 | .138 | -.005
ErrorProofing 422 | .150| -.484|-.216| -.088| .184 | -.104| .302 | -.008| -.256| .120 | .112|-.337| .008 | .088 | .167 | .108
Inventorylntegrity .241|-.192| .613|-.043| .104 | .462 | -.183|-.114| .100| .119| .263 | .034| .171 | .020 | .184 | -.227| .015
ProductProcessQuality -.067| .166 | .416 | -.346| .567 | -.068| -.289| -.073| -.070| .203 | -.054| .251 | .067 | -.281| .061 | .026 | .071
QualityMeasStats .209 | .132| .424 | .182 | .559 | .361 | -.231| -.208| .244 | .056 | .064 | .119 | -.147| -.075| -.167| -.053| -.049
VSM 411 .004 | -.180| -.084| -.475| -.270| -.113| .178 | .376 | .016 | .123 | -.170| .193 | .079 | .172 | .064 | .372
ProcessControlBoards .303 | .415| .050 | -.004| .437|-.084| .129| .188|-.278|-.377|-.060| .125 | -.200| .093 | .137 | -.252| .144
MetricsKPIBoards 199 .038 | .609 | -.019|-.175| .525| -.114| .197 | -.092| -.160( -.108| .134 | .155|-.021|-.097| .185| .125
LeanTracking .583 | .386 | -.038| .473| .004 | -.158]| -.249| -.060| -.042| -.140| -.177| .193 | -.058]| -.032| -.065| .042 | -.021

295



Table 34: Components Matrix Seventeen Factors

Component Matrix?®

Component

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
VisualControls -.355| .318 | -.027| .049 | .321 |-.026| .383 | .125| .204 | -.049| .245| .116 | .080 | -.279]| -.052| .199 | .322
AndonSys .155|-.267| -.564| .407 | .249 | .180| .081 | .222 | .037 | .203 | .188 | -.188| -.103| .006 | -.005| .227 | -.212
A3 .621| .204 | .109 | .063 | -.032| -.254| .157 | -.193| .312| .303 | -.020| -.243| -.063| -.049| -.251| -.243| .017
FiveS 438 | -.456| .190 | .460| .100 | .068 | .012 | -.159| -.007| .104 |-.061|-.274|-.025| .219 | -.010| .241 | .122
SignageShadowBoards | -.096| -.096| .606 | .210 | -.076| .050 | -.239| .276 | .216 | -.095| .139 | -.340| -.137| .289 | -.044| .043 | .077
Cleanliness -.013|-.284| .687 | .342|-.004| .222 | -.014| -.286| -.099| -.003| -.121| .137 | -.166| -.190| .062 | .006 | .182
SupplyMtriMgmt 375 -.262| .360| .092 | .434|-.384|-.077| .306 | .064 | -.039| -.005| -.154| .164 | -.153| .136 | .087 | -.072
POUS -.089| .062| .265 | .566 | .188 | -.303| .274| .195| .144 | .071| .114 | -.060| -.212| -.068| .056 | .174 | -.209
IDProblemParts -.131| .340|-.214| .399 | .345|-.101| .083 | -.466| .073 | .007 | -.207| -.298| .017 | .071 | .121 | -.038]| .185
BatchSizes .364 | .583| .280|-.300| .208 | -.068| .385 | -.173| -.082| -.207| -.114| -.013| .061 | .067 | -.054| .083 | -.057
WIP 523 | .084 | .173| .394 | -.169| -.388| .220 | -.063| .086 | .014 | -.163| .217 | -.065| -.002| .298 | .124 | -.140
KanbanSystems 151 .623|-.178| .321 | .071| .302 | -.026| .007 | -.078| .321 | -.114|-.095| .212| .108 | .071 | .110| .117
QuickChangeover .369| .240 | -.108| -.470| .134 | .358 | -.007| -.186| .091 | -.098 | -.040| -.148| .061 | .306 | .252 | -.205| -.007
LeadTimeTracking .202| .051 | -.005| -.438| .143 | -.334| -.475| .045| .344 | -.059| .028 | .255|-.110| .280 | -.088| .254 | -.101
InvTurns .302| .103 | .034 | -.141| .145|-.306| -.516| .059 | -.295| -.011| .149 | .081 | .373 | .213| .037 | .243 | -.017
OrderFreq 446 .268 | .077 | -.460|-.090| .304 | -.191| .376 | .150| .196 | .075|-.187| .035 | -.171| .263 | .091 | -.113
PullSystems .261| .651 |-.272| .363| .055| .285| .010 | .107 | -.048| .154 | .134 | -.003| .298 | -.103| .136 | -.029| .082
LeveledFlowWork 433|-.076| .445| .015|-.086| .216 | .472 | -.227| -.014| .049 | -.044| -.238| .105 | .316 | -.032| .016 | -.226
FIFO 451 | .113|-.206| .047 | -.228| .139| .198 | -.044| .281 | -.171|-.171| .225 | .258 | .026 | -.519| .156 | .126
LayoutZones .235| .507| .111| .101 | -.370|-.112| .184 | .270|-.312| .303 | .144 | .128 | -.265| -.131| .159 | -.133| .094
VelocitySlotting .068 | .220 | .545| .018 | -.334|-.039| .053 | .043| .029 | .088 | .568 | .102 | -.179| .224 | .040 | .107 | .066
TravelDistance 426 | 539 | .461|-.231|-.213|-.254| .163 | -.041| -.014| -.003| -.065| .226 | -.107| .041 | -.058| .116 | .054
CellStructure -.141| .703|-.179| .317 | -.159| .188 | -.263| .178 | .137 | .125| .079 | .038 | .101 | .208 | .075 | -.039| -.120
DemandStabilization .643 | -.155| .037 | -.327| .293 | .240| .252 | .039 | .185| -.166|-.066|-.061| .193 | -.023| .204 | .021 | .121
CrossDocking -425| .442 | .063| .192| .028 | -.342| -.347| .067 | -.187| -.327|-.243| -.166| .174 | .086 | .068 | .042 | -.079
PDCA .791| .300 | -.030| .033 | -.134| .065 | -.288| -.148| .082 | -.122|-.085| -.130| -.087 | -.077| -.017| -.055| -.111
KaizenEvents .621| .399 | -.015| -.151| .114 | -.327| -.028| -.226| .230 | .325 | -.030| -.065| -.058| -.119| .040 | .023 | .054
EmployeeSuggestion .332|-.121| .036| .536 | .120 | .364 | -.286| .275|-.185| -.113|-.284| -.066| -.127| .013 | .054 | -.156| .128
SystemsView .584|-.060( -.116| .159 | .267 | -.324| -.174| .330 | -.037| .099 | .035 | -.016| .045 | -.033| -.093| -.226 | -.208
PreventativeMaint .245| .168 | -.092| .438 | .340| .218 | -.252| -.115| .288 | -.157| .180 | .370 | -.057| .281 | -.143| -.094 | -.066
Supplierintegration -.387| .153| .319|-.061| .570|-.185| .122| .215| .120 | .100| .291 | .021 | .087 | .167 | -.098| -.186| .095
SPC 451 | .063|-.315| .604 | .229| .215| .164 | -.013| -.106| -.082| .025| .203 | .100 | -.112| .146 | .102 | -.113
TechEquip 419 | -.309| -.080| -.292| .516| .131| .326 | .177|-.149|-.017| .041 | .065 | -.202| .177 | .155 | .200 | .049

Extraction Method: Principal Component Analysis.

a. 17 components extracted.
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Table 35: Component Transformation Matrix Seventeen Factors

Component Transformation Matrix

Component| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 552 | .449 | .140 | .269 | .376 | .072 | .323 | .062 | .142 | .270| -.037| .083 | .088 | .146 | .052 | .061 | .103
2 .083 | -.318| .610 | .427 | -.088| -.051| -.271| .225 | .071 | .145| -.047| .121 | -.142| -.239 | -.278| .029 | .068
3 -.004| -.230| -.243| .286 | -.098 | .688 | -.037| .326 | .040 | -.084| .135 | .234 | .218 | .256 | .053 | -.039| -.126
4 .057 | -.242| 428 | -.234| .051 | .100 | .142 | -.043|-.275| .072| .517 | -.359| .171 | .284 | .087 | .268 | .011
5 -.031| .248 | .054 | .172 | -.526| .241 | .063 | -.540| .237 | .144 | .074 | -.041| -.127| .012 | -.149| .317 | -.229
6 -444| 335 .329 | -.220| .134 | .296 | -.036| .022 | -.333| .047 | -.347| .330 | .019 | .123 | -.093| .207 | .132
7 -.109| .356 | -.072| .536 | -.249| -.193| .014 | .078 | -.569| -.193| .167 | -.167| .142 | -.010| -.004 | -.109| .120
8 -.092| .118 | .099 | -.169| -.354| -.310| -.028| .159 | .130 | .389 | .217 | .422 | .459 | -.022| .253 | -.126| -.083
9 .340| .185 | -.007| -.247| -.120| .009 | -.411| .018 | .128 | -.347| -.030| -.068 | .460 | .050 | -.442| .112 | .203
10 .340| .198 | .241 | -.171| -.202| .029 | -.203| .082 | -.074| -.422| .119 | .251 | -.452| .113 | .404 | -.091| -.138
11 -.019| .092 | .015 | -.204| -.303| -.069| .557 | .571 | .084 | -.126| -.043| -.093| -.165| -.037 | -.350| .109 | -.141
12 -121| .188 | -.040| -.004| .024 | .206 | -.112| .253 | .202 | -.039| .115 | -.234| .037 | -.574| .407 | .400 | .248
13 -047|-176| .331| .091 | -.110| .061 | .442 | -.256| .177 | -.454| -.270| .018 | .349 | -.112| .236 | -.215]| .160
14 -.142| -.043| .014 | .200 | -.091| -.294| -.168| .191 | .250 | -.036| -.371| -.238| .027 | .569 | .281 | .342 | -.007
15 -129| .247 | .231| .009 | .215 | .094 | -.169| .092 | .084 | -.039| -.080| -.346| .199 | -.115| .011 | -.274| -.717
16 -420| .230 | .109 | .084 | .192 | -.033| -.021| .008 | .469 | -.171| .468 | .021 | -.165| .230 | -.162| -.260| .267
17 .071| .080 | .070 | -.167| -.326| .284 | -.092| .081 | .001 | .360 | -.211| -.412| -.118| .106 | .083 | -.503| .353

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.
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Component Plot in Rotated Space Seventeen Factors

Component Plot in Rotated Space
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Figure 25: Component Plot in Rotated Space Seventeen Factors
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