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Kurzfassung

Payam Dehdart

Messung des Einflusses von Lean
Techniken auf Leistungskennzahlen in
Logistikzentren

Die Wurzeln von Lean Techniken reichen tiber 50 Jahre zuriick und
befinden sich in den Produktionssystemen der japanischen Automo-
bilindustrie. Mehrere umfassende und tiefgreifende Studien bestéti-
gen den positiven Einfluss von Lean Techniken auf Leistungskenn-
zahlen im Produktionsumfeld. Studien im Lagerumfeld beleuchten
den Zusammenhang hingegen nur unzureichend. Somit besteht zurzeit
eine Liicke zwischen den Erkenntnisstand des Einfluss von Lean
Techniken auf Leistungskennzahlen im Produktionsumfeld verglichen
zum Lagerumfeld.

Das Ziel dieser Arbeit ist es dazu beizutragen, die erwahnte Liicke
zu schliefen. Dies soll Entscheider dazu motivieren und dabei un-
terstiitzen, Lean Techniken im Lagerumfeld zu etablieren.

Damit dies erreicht wird, wurde vom Jahresende 2010 bis zum Jahre-
sanfang 2012 eine Studie mit 16 Léagern in einer Beobachtungs-
gruppe und 56 Lagern in einer Kontrollgruppe durchgefiihrt. Ein
intensives Befdhigungsprogram sicherte ab, dass die Beobachtungs-
gruppe Lean Techniken in ihrer Fiithrungskultur, kontinuierlichen
Verbesserungsarbeit und operativen Prozessen etablierte.

Die Qualitdt der Umsetzung wurde mit Hilfe eines Lean Lager-
assessments, das im Rahmen dieser Arbeit entwickelt wurde, be-
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wertet. Dieses Lean Lagerassessment basiert auf einer neuen Gener-
ation von Assessments, die im Produktionsumfeld genutzt werden.
Der Lean Reifegrad aller teilnehmenden Léger wurde anhand des
Lean Lagerassessments vor und nach dem Projekt aufgenommen.
Zusétzlich wurden Leistungskennzahlen vom Jahresanfang 2010 bis
zum Jahresende 2011 ermittelt.

Die Messergebnisse des Lean Reifegrads und die erhobenen Leis-
tungskennzahlen wurden mithilfe deskriptiver Statistik verglichen
und mit nichtparametrischen zwei Stichprobentests analysiert. Das
Ergebnis war eine hohe signifikante positive Entwicklung der Leis-
tungskennzahlen und des Lean Reifegrads der Beobachtungsgruppe.
Daraus wird abgeleitet, dass der Lean Reifegrad eine positive Wirkung
auf Leistungskennzahlen hat. Ein genauer mathematischer Zusam-
menhang konnte nicht ermittelt werden. Weiterhin wurde beobachtet,
dass die Beobachtungsgruppe eine im Vergleich zur Kontrollgruppe
starkere Entwicklung des Lean Reifegrads und der Leistungskenn-
zahlen aufweist.

Dieses Ergebnis tragt dazu bei, die Liicke zwischen dem Erkennt-
nisstand iiber die Wirkung von Lean Techniken auf Leistungskenn-
zahlen im Produktionsumfeld zum Lagerumfeld zu schlieffen. Ent-
scheider sind dadurch aufgefordert, sich auf die Etablierung von Lean
Techniken im Lagerumfeld zu konzentrieren. Denn eine entschei-
dende positive Entwicklung des Lean Reifegrads, die sich positiv auf
Leistungskennzahlen wirkt, ist in einem Zeitraum von einem Jahr
moglich.
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Abstract

Payam Dehdari

Measuring the Impact of Lean
Techniques on Performance Indicators in
Logistics Operations

The roots of lean techniques date back 50 years to the production
systems of the Japanese automotive production industry. Several
in-depth studies have verified the positive impact of lean techniques
on performance indicators in production environments. Studies per-
formed on warehouse environments have only partially confirmed
this. Up until now, there has been more evidence supporting the
positive impact of lean techniques on performance indicators in pro-
duction environments than in warehouse environments.

The purpose of this thesis is to help close the gap between the dis-
parities in the level of evidence mentioned above. Closing this gap
should cause decision makers to support the implementation of lean
techniques in the warehouse environment. To this end, a study was
conducted from the end of 2010 until the beginning of 2012 that in-
cluded 16 warehouses in an observation group and 56 warehouses in
a control group. An intensive empowerment program ensured that
the observation group established the lean philosophy in their lead-
ership, continuous improvement work, and operational processes.

Lean maturity measurements were carried out using a lean ware-
house assessment tool that was developed for this study. The lean
warehouse assessment tool is based on a new generation of assess-
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ments that are used in the production environment. Each participat-
ing warehouse was measured before and at the end of the project as
part of the assessment. In addition to this, performance indicators
were measured from the beginning of 2010 until the end of 2011.

The lean maturity results and the performance indicators were com-
pared using descriptive statistics and analyzed using two sample
non-parametric hypothesis tests. The result was a highly significant
positive development of the productivity performance indicators and
the lean maturity level within the observation group. This indicates
that the positive lean maturity development had an impact on the
performance indicators. Further research and analysis was done to
determine if a higher lean maturity resulted in a higher performance
development. The result was that a positive relation between higher
lean maturity and better developed performance indicators could
be determined. A functional relation between the lean maturity
and performance indicators could not be established. Finally, the
observation group showed better results in the lean maturity and
performance indicators compared to the control group.

These results help close the gap in the evidence and encourage deci-
sion makers to concentrate on lean activities within logistics opera-
tions. A major lean maturity development that results in a positive
high performance indicator development is possible within the span
of a year in the warehouse environment.
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1 Introduction

Karl Popper was one of the most important philosophers of the 20th
century (Dykes, 1999, p.1). He believed that whenever a theory
appears to be the only possible solution to a problem, people have
to take this as a sign that the theory has not been understood or that
the problem was never intended to be solved (Lass, 1984, p.XIV).

At the beginning of the 20th century, many managers believed that
the theory of mass production was the only efficient method for pro-
duction (Huber, 2011, p.1). Taiichi Ohno saw the sign that Popper
mentioned and questioned the efficiency of the theory of mass pro-
duction. Working during the time of the tough economic challenges
that the Japanese industry faced after World War 11, Ohno believed
that it was possible to surpass the conventional style of mass pro-
duction and produce value for the customer with less waste and with
higher efficiency (Ohno, 1988, p.2). Motivated by his belief, Ohno
developed the Toyota Production System (TPS) (Ohno, 1988; Liker,
2004, p.4).

In the second phase of the International Motor Vehicle Program
(IMVP), scientists benchmarked the Toyota Production System (Hol-
weg, 2007) with the mass production methods of other automotive
companies. Within the scope of this detailed study, they analyzed
the effectiveness of the TPS and determined the superiority of the
TPS over traditional production systems (Womack, 2007). Dur-
ing the IMVP, John Krafcik coined the term “Lean Production”
(Cusumano, 1994) to describe the philosophy behind the TPS. Parts
of this lean philosophy were transferred to other functional plant ar-
eas and industrial sectors. Terms such as “Lean Management” and
“Lean Administration” also came into being (Bell and Orzen, 2011;
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Zidel, 2006; Pfeiffer and Weif3, 1994).

Elements of the lean philosophy also eventually found their way into
the warehouse environment (Augustin, 2009; Dehdari et al., 2011;
Spee and Beuth, 2012; Furmans and Wlcek, 2012). The majority of
reports that analyze lean techniques within the warehouse are based
on pilot studies with a low sample size or even single pilot project
experience reports.

1.1 Problem Description

In-depth studies that analyze the impact of lean techniques in pro-
duction environments are usually based on a combination of three
evaluation techniques:

e Measurement of the lean maturity
e Measurement of the performance indicators

e Comparison of the samples with each other

In addition to five other research areas, the IMVP analyzed the ma-
turity of the production systems within plants. The scientists also
analyzed the development of major performance indicators. These
performance indicators either focused on one research area or on
several overarching research areas. The last phase of the research
involved a comparison of the data between plants with the TPS
and plants with traditional production systems. The results of the
comparison showed that the sample with the TPS had superior per-
formance indicators.

With these results, the IMVP asserted that the comparison demon-
strated a positive impact of the TPS on major performance indi-
cators. Other studies have backed up the positive impact of lean
techniques on performance indicators in the production environment
(Bidgoli, 2004; Hofer et al., 2012; Fullerton et al., 2003; Oeltjenbruns,
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2000; Liker, 2004).

This also means that the comparison of lean maturity results (inde-
pendent variables) with the development of performance indicators
(dependent variables) between different samples is a verified method
for proving the superiority of the TPS in the production environ-
ment.

As stated earlier, lean techniques have also found their way into
the warehouse environment but the conditions of the warehouse en-
vironment differ from those in the production environment. One
difference is that the less technical nature of the warehouse allows
more options for process changes. Another difference is that the
higher degree of manual work in a warehouse causes larger fluctua-
tions in cycle times. Further differences are highlighted in Dehdari
and Schwab (2012). Therefore, the question is raised if the lean
techniques that were developed for the production environment are
applicable in the warehouse environment.

However, some of the verified measurement techniques used in the
production environment are also used in studies in the warehouse
environment. Most studies, such as Reuter (2009), use a major
performance indicator to measure the impact of the lean techniques.
The Reuter study, and other similar studies that will be discussed in
chapter 3, does not include a measurement of the lean maturity of the
operation that improves the performance indicator (Reuter, 2009).
Other studies, such as Sobanski and Mahfouz, used an assessment to
analyze the lean maturity but did not relate it to the development
of the performance indicator (Sobanski, 2009; Mahfouz, 2011).

All of the known in-depth, verified, and reliable studies that measure
the impact of lean techniques on the production environment were
performed using a combination of the above-mentioned evaluation
techniques. The known studies on the warehouse environment mea-
sure performance indicators but they do not compare their results
with the results of a measurement of the lean maturity or they do
not compare different samples with each other. Some other stud-
ies measure the lean maturity but do not link it with the devel-



1 Introduction

opment of the performance indicators. A comparison of warehouse
performance indicators for warehouses that improve the lean matu-
rity with warehouses that use other techniques is not known. This
means that the applicability of verified measurement techniques for
the impact of lean techniques in warehouses is still being studied.
Thus, this thesis will help to close the gap between the disparities
in the level of evidence for the impact of lean techniques on per-
formance indicators within the production environment compared
with the warehouse environment. This thesis will also evaluate the
applicability of using verified measuring methods in production for
the warehouse environment.

I hope that by contributing to closing the gap in the levels of evi-
dence, I can help companies make the decision to invest in resources
for establishing lean techniques within the warehouse environment.
This should result in benefits for them because the lean maturity in
warehouses today is low and the high potential for improvement is
known (Furmans and Wlcek, 2012).

1.2 Hypotheses

The research presented in this thesis is based on four hypotheses
which help to close the gap in the level of evidence for the impact of
lean techniques on performance indicators. The hypotheses are de-
scribed below. A coordinate system was used to show the difference
between the hypotheses. An indicator for the lean maturity and an
indicator for the performance development were used to test a hy-
pothesis. The independent variable lean maturity is located on the
abscissa. The dependent variable performance development is lo-
cated on the ordinate. It also has to be noticed that the expectation
level for a clear relation between the lean maturity and performance
indicator rises from hypothesis I till hypothesis IV. This hypothesis
lead us to discover the relationship between the lean maturity and
performance indicators step by step .



1.2 Hypotheses

Hypothesis I: Lean has a positive impact on performance
indicators but we do not expect to know if a higher level of
lean maturity has a higher influence on performance indi-
cators.

Hypothesis I is shown in figure 1.1. To test Hypothesis I, warehouses
that improved their lean maturity were analyzed. For Hypothesis I
to be true, no warehouse that shows a positive lean maturity could
show a negative development of performance indicators and there
can be no evidence that a higher lean maturity also implies a higher
positive impact on the development of the performance indicators.
In the example shown in figure 1.1, WH 2 has a lower performance
development with a higher lean maturity development than WH 1.
In conclusion, I restrict myself to show a positive impact without
the necessary evidence to show higher lean maturity leads to higher
performance indicator improvement.
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Hypothesis 1:  Lean has a positive impact on performance
indicator development

Performance
Indicator
Development
(relative)
WH: Warehouse
Impossible Warehouse
e e e e e e e e e e rWH 3 Position
1 Possible Warehouse
1 Position
e ;_ - - - gWH4
J- - - —gWH1 ' '
o d - gWH2 | I
! : : : Lean Maturity
(0,0) ) ; g Points Achieved
(absolute)

Figure 1.1: Hypothesis I

Hypothesis II: A higher level of lean maturity has a more
positive impact on performance indicators but we do not
know if this relation follows a mathematical function.

Hypothesis II is shown in figure 1.2. The warehouses that improved
their lean maturity also showed a positive development in their per-
formance indicators. This is similar to Hypothesis I. The difference
to Hypothesis I is in the level of development of the performance
indicators. If a warehouse reached a higher lean maturity level than
another warehouse, it has at least the same level of performance in-
dicator development or even higher. In the example shown in figure
1.2, the warehouses with a higher maturity level also have higher
performance indicator levels. At this moment, it is not clear if a
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mathematical function can describe the relation between the level of
lean maturity and the level of the performance indicators.

Hypothesis 2:  More lean has a more positive impact on performance
indicator development without correlation

Performance
Indicator
Development
(relative)
N
WH 4 WH: Warehouse
T ~—~"~~""====--- w3 ™" Impossible Warehouse
T--"-""""="7"7=77=°7 : : Position
1 | Possible Warehouse
I I Position
1 1
1 1
WH2 ! !
T-——"—~"="=== —' 1 1
IO —TWH 1 : : : Lean Maturity
' N 1 1 5 Points Achieved
(0,0) ) ) ’ 0 (absolute)

Figure 1.2: Hypothesis II

Hypothesis III: There is a mathematical correlation be-
tween the level of lean maturity and the performance indi-
cators. A mathematical function can describe this correla-
tion.

Hypothesis III is shown in figure 1.3. There is a clear dependency
between the level of lean maturity and the performance indicators
and a mathematical function describes this correlation. This func-
tion could be a straight line or a decreasing or increasing curve.



1 Introduction

Hypothesis 3:  Positive correlation between the lean maturity
level and performance indicator development

Performance
Indicator
Development
(relative)
WH: Warehouse
———————————— —"wHa  — Functional Correlation
! Graph
I
___________ “WH3 |
! 1
1 L}
________ _'WH 2 | N
1 1 1
1 ! 1
-——>YwH1 1 '
1
| : : : Lean Maturity
(0,0) v v T ¥ Points Achieved

(absolute)

Figure 1.3: Hypothesis III

Hypothesis IV: Lean techniques have a higher positive im-
pact on performance indicators than other approaches.

Hypothesis IV is shown in figure 1.4. The assumption in Hypothesis
IV is that a group of warehouses that focuses on and improves their
lean activities have a higher positive performance indicator develop-
ment than warehouses that use other approaches or anything at all,
instead of a focused lean development program.
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Hypothesis 4:  Lean has a higher positive influence on
performance indicators than other approaches

Performance
Indicator
Development
(relative)
N
WakEx:
Warehouse Excellence Group
CoGr:
Control Group
________________ *CoGra
""""""" ®coGr3
"""" “®CoGr2 ! .
--= 'TCoGrl ! : | Lean Maturity
(0,0) T T Points Achieved

(absolute)

Figure 1.4: Hypothesis IV

1.3 Organization of the Thesis

Figure 1.5 shows the structure of this thesis. In chapter 1, the moti-
vation behind the thesis is explained. To measure the impact of lean
techniques on performance indicators within the warehouse environ-
ment, the terms lean and warehousing need to be defined. These
terms are discussed in chapter 2. Chapter 2 also defines lean ware-
housing and discusses what will be measured in the following chap-
ters.

To build on existing measuring methods, a literature review in chap-
ter 3 identifies the relevant publications on measuring lean tech-
niques within the production and warehouse environments. Based
on this review, chapter 3 also discusses the existing methods for mea-
suring lean maturity and performance indicators. Since a suitable
method for measuring lean maturity could not be identified, chapter
4 describes the development of an appropriate method. This new
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appropriate method combined with a method that was identified for
measuring the performance indicators is used as the system of mea-
surement for this thesis. The design of experiment used to test the
hypotheses is defined in chapter 5 and the measurement and inter-
pretation of data is presented in chapter 6. Chapter 7 rounds out
the thesis with a conclusion and critical discussion.

10



1.3 Organization of the Thesis

1. Motivation and Hypotheses E I want to know... E
What is What is | E

» Lean? Warehousing? 1 What do I want |
: | tomeasure? |
Lean Warehousing ' !

Status 1 :

Measuring Lean Production ! !

3 Status ; :
Measuring Lean Warehousing g 1

Status Status | HowdoIwant

Assessments Performance Indicators || to measure? |

n Developing the i E
: Bosch Logistics Warehouse Assessment ! g
5. Design of the Experiment : ;
1 :

Analyzing the Lean Impact ; . :

i e

E and !

6. Descriptive Analyses Inferential Analyses ! interpret. !
Review the Hypotheses E E

7. Summary & Conclusion E I know now. E

Figure 1.5: Structure of the thesis
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2 The Lean Philosophy in the
Warehouse Environment

This chapter first highlights the roots of the lean approach and
presents the related milestone literature (see section 2.1). To trans-
fer the lean approach to the warehouse environment, it is necessary
to understand the definition, processes, and types of warehouses (see
section 2.2). Using that knowledge, it is possible to highlight the ma-
jor differences between the production and warehouse environments
(see section 2.3). Finally, it is possible to derive the definition of
lean warehousing from the perceptions.

2.1 Genesis of Lean

Discipline and avoidance of waste is deep-rooted in the Japanese
culture (Lebra and Lebra, 1986, p. 70). This is even reflected in the
daily life of the Japanese. For example, when a Japanese chef filets
a salmon to make sashimi he uses the cropped and unused parts of
the salmon as ingredients for a soup and does not dispose of them.

Against this cultural background and the aftermath of World War II,
Taiichi Ohno assessed the mass production system of the American
automobile industry. At that time, the majority of the companies
in the automotive industry applied the mass production philoso-
phy strengthened by the circumstance of increasing demands (Ohno,
1988, p.1)(Liker, 2004, p.24). The industry believed that mass pro-
duction was the most efficient way to fulfill customer demand. Ohno,
however, did not share the view of the overwhelming majority.

13
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Ohno saw several forms of waste in the American way and had a
strong desire to avoid waste and improve the processes. To serve
customer needs with high product variation was one of his desires
but this was simply less profitable when mass production was in use.
Out of that desire and need he developed the Toyota Production
System (TPS) to enable his organization to meet customer demand
in a more efficient way. With the Toyota Production System, he
established a new culture within Toyota and proved its strength in
the oil crisis in 1973. During the oil crisis, which caused decreasing
demands, other Japanese industry sectors followed Toyota’s method
of production (Ohno, 1988; Liker, 2004, p. xiii).

The Toyota Production System received worldwide attention after
the publication in 1990 of the Womack book The Machine that
Changed the World (Womack, 2007). Other publications like Bosen-
berg and Metzen (1993), Liker (2004), Pfeiffer and Weif§ (1994),
Rother and Shook (2008), Rother and Kinkel (2009), and Womack
and Jones (2004) discussed the lean philosophy from different an-
gles. Dehdari et al. (2011) analyzed several key literature sources
and identified the constituents of lean production. The elimination
of waste using a structured continuous improvement cycle is the key
element in the literature. Furmans and Wlcek (2012) divided this
continuous improvement cycle into low and high frequent improve-
ment cycles. The low frequent improvement cycle is an analytic and
systematic method resulting from the derivation of the target value
streams from their implementation. After implementation, the high
frequent improvement cycle stabilizes the implemented standard and
improves it again in a systematic and analytical way. In addition
to this, Furmans and Wlcek (2012) identified seven success factors
for using lean techniques in the warehouse environment. These are
leadership, value stream planning, standardisation, work place de-
sign, visualisation, work force management, and sustainable problem
solving.

14



2.2 Warehousing at a Glance

2.2 Warehousing at a Glance

Section 2.1 identified the roots of the lean philosophy in the Japanese
automotive industry sector. To measure the impact of lean tech-
niques in the warehouse environment, it is necessary to base the
research on a definition of the function of a warehouse along with
an understanding of the processes within warehouses and the iden-
tification of different types of relevant warehouses. This section
takes valid definitions for the function of a warehouse, warehouse
processes, and types of warehouses from the key literature for the
purpose of this thesis.

Gudehus and Kotzab (2012, p. 19) state that the function of a
warehouse in a logistics network is to transfer, store and commission
goods. Bartholdi and Hackman (2011, p. 5), ten Hompel et al.
(2007, p. 50), Arnold et al. (2008, p. 373) use similar definitions
for the function. Bartholdi and Hackman (2011, p. 5) mentioned
the space and time synchronization function of a warehouse within
a supply chain. ten Hompel et al. (2007, p. 50) add the change of
status of goods to their definition. Arnold et al. (2008, p. 373) view
the warehouse from a broader angle. They assert that the function of
a warehouse is, in fact, is to disrupt the supply chain. The European
Norm EN 14943 (2005) defines the function of a warehouse as a space
that is designed to receive, store, and distribute goods. This thesis
will focus on the processes within a warehouse and not on the role of
the warehouse within a supply chain. For this reason, this thesis will
use the European Norm EN 14943 as the definition for the function
of a warehouse.

The three processes mentioned in the European Norm EN 14943
standard are detailed by Arnold et al. (2008, p. 379). In addi-
tion to many other information processes, Arnold et al. (2008, p.
379) defined the receipt, storage and retrieval, picking, packing, and
shipping of goods as the major processes in a warehouse. Bartholdi
and Hackman (2011, p. 24), ten Hompel et al. (2007, p. 53), and
Gudehus and Kotzab (2012, p. 19) supported this definition with
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their own. The VDI 3629 (2005)guideline differs from this defini-
tion because it excludes the packing process as a major warehouse
process.

Regarding the information processes mentioned by Arnold et al.
(2008, p. 379), the VDI guideline overlaps mainly with Arnold et
al. (2008, p. 379). Bartholdi and Hackman (2011, p. 28) overlap
with the control process and ten Hompel et al. (2007, p. 53) overlap
with the identification process. Gudehus and Kotzab (2012, p. 19)
do not identify the information processes as major warehouses pro-
cesses. This thesis will focus on the definition given by Arnold et al.
(2008, p. 379) regarding the processes within warehouses because it
is the one that is the most validated by the above-mentioned authors
and guidelines.

The definition of the different kinds of warehouse types is based on a
combination and emphasis of the different major processes. Arnold
et al. (2008, p. 376) distinguishes eight categories with 29 warehouse
types. The most common warehouse types in the industry sector
are production warehouses and warehouses for product distribution.
Since the intent of this thesis is to test the hypotheses that are valid
for all warehouses, no distinction will be made between the different
warehouse types.

2.3 Warehouse versus Production
Environment

An innovation is often designed for one specific environment. A
wristwatch, for example, was originally designed for use on land. If
it is to be used under water, the designer needs to understand the en-
vironmental changes and determine if design changes are necessary.
The wristwatch, then, must be waterproof and resistant against salt
water. It may also possess other features like an altitude meter.

Environmental changes between a production and warehouse envi-
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ronment (see section 2.2) also force us to identify necessary adapta-
tions or design changes to the production-based lean approach (see
section 2.1). The environmental changes have to be identified be-
fore these adaptations or design changes can be made. Dehdari and
Schwab (2012) identified the major differences as follows:

e Differences in the purpose

e Differences in the complexity of problem solving

e Differences in the complexity of movement

e Differences in the order lot size

e Differences in the physical order (space versus line)

e Differences in the expectations of the output performance

e Differences in the leadership

These differences are discussed below.

The purpose in production is to add value to raw materials and
change the form; for example, forging steel to make a horseshoe. In
warehouses, the added value is to transform the time and spatial
status of the product. The trigger for transformation in warehouses
is usually an order from a downstream process. This kind of trans-
forming process is called Make to Order (Olhager, 2012). In addition
to Make to Order, other possible production triggers are Make to
Stock and Assemble to Order.

These differences in purpose mean that problem-solving is usually
less complex in warehouses than in production. Changing the form
of material is very complex technically and includes several other
scientific disciplines. Often only expert knowledge can solve produc-
tion problems. One example is the difference in complexity in un-
derstanding thermal problems in treating materials versus materials
handling problems in warehouses, such as closing a box. Difficulties
do arise in materials handling problems with getting an overview of
the interdependencies between the different processes but produc-

17



2 The Lean Philosophy in the Warehouse Environment

tion also faces this problem at times. However, it is important to
remember that a lower complexity does not mean a simple complex-
ity.

The lot size that is processed in the warehouse is usually one. The
reason for this is that when an order is placed by a customer an-
other customer does not usually place exactly the same order. The
same order means the same products in the same quantity. The lot
size in production can be one but the lot size is often higher to save
changeover time or because the production is not mature enough to
perform fast changeovers. Higher productivity within the lot can be
achieved because of the higher lot size. The higher lot size in pro-
duction also implies a higher degree of repetitive work for employees
and, conversely, a lower degree of repetitive work in warehouses.
The lower degree of repetitive work causes higher fluctuation in the
working cycles.

Production machines manufacture goods in the same quantity and
same quality over a long period of time. This is done because of the
lot size and the purpose of adding value to raw materials. Machines
are very rare in the warehouse environment. Employees are human
beings and, like all human beings, they do not work as precisely as a
machine for a long period of time. The result is a higher fluctuation
in quantity and quality compared to the work of a machine within
the warehouse.

The physical environment of production employees is often struc-
tured in the form of a line. One workplace follows another work-
place. The workplace is designed with less moving complexity for
the worker to ensure higher productivity. The worker usually has
a fixed workplace that does not require much walking. In ware-
houses, these processes are structured in an area that is based on
the space required for storing products. This means that the picker
has to make different kinds of movements when picking goods from
the area. This fact and the lower degree of repetitiveness mean that
warehouse employees have to make more complex movements than
production employees. In other words, the warehouse environment
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has longer and higher fluctuating working cycles.

The longer and more volatile working cycles also mean that there
are usually no set expectations about the output performance in
warehouses. If the estimated level is not reached, the warehouse
leader accepts this situation. In production, failure to reach the
estimated level will at least result in questions being raised by the
leader on the shop floor.

The leadership also changes in the warehouse environment. In pro-
duction, the leader has an overview of his staff when they are in
the production line. Direct communication with all of his workers
is possible with only a few restrictions. In the warehouse, the work-
ers are spread all around. Direct communication with the workers
is much more restricted. Another problem occurs in the warehouse
because the processes are not usually synchronized and the workers
change their work and their locations throughout the day. A worker
might pick goods in the morning and pack them in the afternoon.
This means that the worker reports to two different leaders within
one shift. In the production environment, the worker stays at one
production station the whole day.

These environmental changes have to be taken into consideration
when implementing the lean philosophy in the warehouse environ-
ment.

2.4 Lean Warehousing: Transferring Lean
Production into the Warehouse

Section 2.1 identified that the key element of the lean philosophy is
the elimination of waste using a structured continuous improvement
cycle. The environmental changes (see section 2.2) in the warehouse
environment (see section 2.3) make it necessary to modify the lean
philosophy. More volatile and longer working cycles require an in-
crease in the focus on measuring and controlling the processes. Pro-
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cess controlling has to be done in a systematic and analytical way.
The shop floor leaders face the challenge of workers being spread
around the warehouse. Since it is not possible to lead the work-
ers directly, a structured continuous improvement cycle has to be
considered.

Leadership, measuring, and the driving of improvements in a sys-
tematic and analytic way all play an important role when trans-
ferring lean approaches from the production environment into the
warehouse environment. Dehdari et al. (2011) considered this in his
definition of lean warehousing:

Lean warehousing is a leadership concept. This con-
cept aims at a permanent, systematic, analytic, sustain-
able, and measurable improvement of processes in the
warehouse environment. This happens with the con-
tribution of all employees and with the goal of gaining
awareness of perfection in each corporate action.
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3 Literature Review:
Measuring the Impact of
Lean

To measure the impact of lean techniques on performance indica-
tors, it is necessary to compare the development of an indicator for
the lean maturity (independent variable) with the development of a
performance indicator (assumed dependent variable) for an observed
system (see section 1.1). By combining them, it is possible to ob-
serve if the lean technique has an impact on performance indicators
(see Hypothesis I-IIT in 1.2). A comparison between two samples is
necessary to observe if the lean technique has a higher positive influ-
ence on performance indicators compared to other approaches. One
sample contains warehouses that focused on the lean approach and
the other sample has warehouses without that focus (see hypothesis
IV in section 1.2). This measuring concept is equal for production
and warehouse environments. This chapter reviews how the existing
studies have considered this measuring concept and what kind of
measuring tools are available.

3.1 Measuring the Impact of Lean on
Production

Womack (2007) performed the most popular effectiveness measure-
ments. In 1990, he compared the performance indicators of Toyota
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plants with performance indicators of other plants that did not fo-
cus on the lean approach. Womack did not measure the maturity
level of the Toyota plants. His goal was to show the superiority of
lean over other production approaches and he did this by comparing
plants that implemented lean with plants that did not.

Table 3.1 shows 14 other research results with a total sample size of
2318. Twelve studies show a positive impact of lean production on
the financial performance indicator. Claycomb et al. (1999),Fuller-
ton and McWatters (2001) and Hofer et al. (2012) observed a corre-
lation between a higher lean maturity and the positive development
of performance indicators. Biggart (1997) and Jayaram et al. (2008)
could not find a statistically significant influence of lean production
on performance indicators.

These studies are based on surveys for identifying the maturity of
the lean production implementation and to collecting the financial
performance indicators (Hofer et al., 2012). One advantage of a sur-
vey is that it has a high number of samples that can be analyzed
with reasonable resources. A huge disadvantage is that these stud-
ies often do not have enough evidence about the reliability of the
response data. Often companies do not want to answer surveys,
possibly because of the low maturity level of their organizations, or
they do not want to take the time to fill out the survey properly.
Lean assessments are a more precise way of measuring the matu-
rity of lean techniques (see Doolen and Hacker, 2005) and these are
performed by a professional in multi-day workshops.

3.2 Measuring the Impact of Lean on
Warehousing

Augustin (2009, p. 94) surveyed the lean maturity of 53 warehouses

in his lean warehousing survey. He evaluated the maturity level

with just one question using a scale with five maturity levels. Au-
gustin also did not make any statement about the influence of lean
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warehousing on performance indicators. Overboom et al. (2010) de-
veloped a more detailed assessment for his study that was based on
qualitative measures. He published a method for measuring lean
maturity that was based on his analyses of Web pages, a question-
naire, and structured interviews of two logistics service providers.
However, like Augustin, Overboom did not establish a link between
lean maturity and performance indicators. Sobanski (2009) also de-
veloped a lean assessment for his warehouses within his study. He
verified his assessment and the correlation between subjects with a
sample size of 25 warehouses. Standard processes and visual man-
agement were two of the areas he studied. He assumed a positive
impact of lean on performance indicators for his study. Sobanski
(2009) did not test his assumption by relating the assessment re-
sults to the performance indicators of the warehouses.

The lack of lean maturity assessments that also consider performance
indicators motivated Mahfouz (2011) to develop a new lean assess-
ment for his study. He evaluated a leanness index with a sample size
of five warehouses in Ireland. The Mahfouz study was also based on
a questionnaire but it included some operational and tactical per-
formance indicators. The cycle time is an example of an operational
performance indicator and the number of on-time delivery orders is
an example of a tactical performance indicator. Mahfouz used the
performance indicators to quantify the results of the lean maturity
assessment. He did not analyze the effect of lean approaches on
operational or even financial performance indicators.

Augustin (2009), Sobanski (2009) and Mahfouz (2011) concentrated
on measuring the level of lean maturity. The level of performance in-
dicator development was considered in the Mahfouz study but only
to support the level of evidence of the lean maturity. The Distri-
bution Center Reference Model (DCRM) (see Wisser, 2009) focuses
on the level of performance indicators. The DCRM is based on a
very sophisticated metric of performance indicators for generating
an assertion about the leanness of a warehouse. Unfortunately, the
DCRM does not include a metric to evaluate the maturity of the
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lean techniques.

3.3 Tools for Measuring Lean Warehousing

Data for the abscissa and ordinate is required to test the hypotheses
that were defined in section 1.2. Section 3.1 demonstrated that these
kinds of comparisons are a mature and standard way of analysing
the impact of lean approaches on performance indicators. Section
3.2 showed that there is a gap between the warehouse environment
and the production environment in terms of the level of evidence of
the lean impact on performance indicators.

Two different measurement tools are necessary to close this gap.
The first measurement tool is used to evaluate the maturity of the
lean approach in the warehouse environment and the other is used to
measure the performance indicators. The existing tools are discussed
below.

3.3.1 Lean Warehousing Maturity Assessments

Maturity assessments make it possible to allocate the relative posi-
tion of a selected domain within a maturity model. The maturity
model consists of a set of criteria that are often ordered on a five-
point Likert scale. Usually, level one represents the minimum re-
quirement and five represents the highest achievable maturity level
(Bruin et al., 2005).

Most assessments verify if a standard has been documented but lack
the questions that would verify if the written standard is also exe-
cuted. If a high level of evidence of the maturity of a selected ware-
house is required, it is also necessary to test the execution. Several
lean maturity assessments are in use today.

The first step in identifying the most suitable lean maturity assess-
ment for this thesis was to get an overview of the existing maturity
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assessments. More than 70 maturity assessments were identified by
reviewing and researching three scientific databases and the inter-
net and by questioning experts. Seventeen maturity assessments re-
mained after the assessments that did not focus on the lean approach
were eliminated. Figure 3.1 shows these 17 assessments. These 17
lean maturity assessments were evaluated again using five criteria
with three levels of fulfillment: fully, partially, and not.

The first criterion is Lean Focus. This criterion questioned the depth
of lean focus. If, for example, an assessment only asks questions
about the Just in Time implementation and no other lean tech-
niques, then this assessment would partially fulfill the first criterion.
The second criterion is Verified Execution, which identifies if the ma-
turity assessment verified the execution of the lean approach. This
is related to the point mentioned earlier that most assessments only
determine if a standard is documented. The third criterion is Not
Survey Based and this examines the collection of the data. The data
is more reliable and objective if it is not survey based and if it is pro-
vided by different individuals in the warehouse. The fourth criterion,
Warehouse Focus, determines the depth of the focus on warehouse
operations. For example, this criterion is used to determine if the
assessment evaluates the warehouses processes (see section 2.2). The
fifth criterion is Tested in Practice and the purpose of this criterion
is to determine if the assessment asks questions about the testing of
lean techniques in practice.

Fullerton et al. (2003) focused on the lean approach but they only
covered the Just in Time technique with their research and missed
others. Fullerton et al. (2003) did not focus on warehouse operations
and instead focused on the production environment.

The Lean Enterprise Self-Assessment Tool (LESAT) was developed
by researchers of the Massachusetts Institute of Technology (MIT).
The LESAT is based on the Capability Maturity Model for Soft-
ware (CMM) and focuses on the lean enterprise and not, specifically,
on the warehouse environment. The strength of the CMM is that
it is not survey based and it was developed by science for use in
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Fullerton, McWatters and Fawson
(Fullerton et al., 2003)

Lean Enterprise Self-Assessment
(Hallam, 2003)

Perez and Sanchez
(Perez et al., 2000)

Panizzolo
(Panizzolo, 1998)

Shah
(Shah, 2003)

Jordan and Michel
(Jordan et al. 2001)

The 360° Lean Audit
(Dollen et al. 2003)

Lean Company Survey
(Dollen et al. 2003)

HPEC Assessment
(Dollen et al. 2003)

Lean Checklist Self-Assessment
(Dollen et al. 2003)

Lean Business Assessment
(Dollen et al. 2003)

How Lean is Your Culture?
(Dollen et al. 2003)

Dell Business Assessment
(Shan, 2008)

CMMI for Services
(CMMI Product Team, 2010)

Overboom
(Overboom , 2010)

Sobanski
(Sobanski, 2011)
Mahfouz
(Mahfouz, 2011)

BPS Assessment V. 3.1.
(Bosch2012a)
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Figure 3.1: Lean Maturity Assessment overview (Fullerton et al.,
2003)(Hallam, 2003; Pérez and Sanchez, 2000; Panizzolo,
1998; Shah, 2003; Jordan and Michel, 2001; Doolen and
Hacker, 2005; Shan, 2008; CMMI Product Team, 2010;
Overboom et al., 2010; Sobanski, 2009; Robert Bosch
GmbH, 2012) o7
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the aerospace industry. It has also been verified and modified sev-
eral times (Hallam, 2003). Pérez and Sanchez (2000) and Panizzolo
(1998) used field-based surveys but they did not cover all warehouse
operations. They verified their theory with the help of a small sam-
ple size in Spain and Italy. Shah (2003) and Jordan and Michel
(2001) did have higher sample sizes but their research is based on
the survey-based approach. They also did not focus on warehousing
operations.

In addition to six scientific research-based lean assessments that are
also considered in this section, Doolen and Hacker (2005) described
several lean maturity tools that were developed and used in the
industrial environment. None of them focused on warehouse oper-
ations but two of them partially verify the execution of the lean
approach. The Lean Company Survey and HPEC questioned the
role of the performance indicator to determine the outcome of lean
implementation. Shan (2008) and the CMMI Product Team (2010)
also did not focus on warehouse operations but these assessments
are often used in practice.

As discussed in chapter 3, Overboom et al. (2010), Sobanski (2009),
and Mahfouz (2011) developed lean warehousing assessments. Their
assessments failed to cover major warehouse operations (see section
2.2) or were not conducted with a large enough sample size (Mah-
fouz, 2011). In addition to this, their research does not determine if a
standard has been executed. This is missing in all of the assessments
that have been analysed so far.

Robert Bosch GmbH (2012) developed the only lean maturity assess-
ment that has a focus on the existence and execution of implemented
lean techniques and verified them with performance indicators. This
assessment has been used multiple times in more than 290 plants in
different business sectors all over the world. This assessment is not
survey based. Unfortunately, it focuses on production and only cov-
ers some of the warehouse processes that are mentioned in section
2.2.
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3.3.2 Lean Warehousing Performance Indicators

To measure the impact of lean approaches on performance indica-
tors, we need to measure performance indicators in addition to mea-
suring the lean maturity. Depending on the intensity of the efforts
for implementing lean techniques into a warehouse, the impact could
vary when measuring a performance indicator that includes all areas
within a warehouse. In the beginning of a lean journey, some ware-
houses might implement the lean approach in isolated warehouse
areas. In this scenario, a measurement that uses a performance in-
dicator that covers all warehouse areas would not represent the true
effect: the effects of other areas without lean implementations would
influence or even overlap the effect from the selected area.

For example, the decision is made to standardize the processes in
a warehouse and a shop floor cycle with workforce management is
implemented in a picking area. Measuring the performance of the
entire warehouse and drawing conclusions about the lean impact
would not represent the true effect. This is because the effects of
other areas influence the overall performance indicator. It is rather
like seeking to measure the heat of a small flame located on one
side of a room but doing so by measuring the room temperature
on the other side and concluding that the flame does not affect its
environment even though the temperature close to the flame is high.

A system is required that will measure precisely at a specific level and
cover the effect that different performance indicators have on each
other. Key Performance Indicator (KPI) trees fulfil this requirement
(see Scheer, 2005). These kinds of KPI trees are in use at Bosch
and are named in the Bosch methodology as Bosch Key Performance
Result (KPR) and KPI Trees. The structure of the Bosch KPR /KPI
Tree is described in figure 3.2. In general, it has four key performance
levels: the top KPR, the value stream KPR, the monitoring KPI,
and the improvement KPI level.

The result KPR level includes the top KPR for a selected warehouse,
involving such aspects as total warehouse costs. The value stream
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KPR level describes the costs for the different value streams within
the warehouse, including such aspects as the cost for distributing a
full pallet. The KPI for a specific area within the warehouse is mea-
sured at the monitoring level. For example, the KPI could evaluate
the productivity of the packaging area or the value stream for the
cost for distributing a full pallet. The most detailed measuring is
done at the improvement level. These measurements could include
the quantity of pallets that packer one is packing today. The KPI
at the improvement level are usually used for concrete improvement
work.

All of these levels are linked with each other. Changes in one level
will be transmitted to the other levels. For example, the productiv-
ity KPI of one packaging team will influence the productivity KPI
of the total packaging area and even the total cost KPR of the en-
tire warehouse but with less intensity because other teams, like the
pickers, also influence the total cost of the warehouse.

The purpose of this thesis is to measure the impact of lean ap-
proaches on performance indicators. By measuring this, we have to
consider that lean is not something that decision makers want to
have and they can buy and then it is done. Usually, a seed has to
be planted in a specific area of the warehouse. If the people around
this seed take care of it, it will grow and spread around the whole
warehouse. This will take time and, as long it is not spread around
the whole warehouse, the specific area where it grows has to be mea-
sured. The effect of this area might have such a big impact on the
KPR that it can be noticed by observing the KPR.

A KPR/KPI Tree can be used to recognize the impact in the different
areas and at the different levels. The four levels of the KPR/KPI
Tree make it possible to measure the impact of implemented lean
techniques with different levels of penetration.

The full implementation of a KPR/KPI Tree with all four levels
within a warehouse is rare today. The KPIs for the improvement
level are usually used for concrete improvement work and are often
not measured constantly. The value stream KPRs are difficult to
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measure within warehouses because several, if not hundreds, of value
streams are merged in the warehouse. Resources are usually not
dedicated to one value stream and one task often influence several
value streams. As a result, a precise measurement would take a
huge amount of effort. The monitoring KPIs are also hard to find in
warehouses even though they take less effort to measure. Since the
structure of a warehouse is based on functional areas, leaders allocate
capacities to these areas and usually know the daily output. Because
this is known, if the monitoring KPI are implemented they usually
still focus on one area and do not cover all areas of the warehouse.
Even result KPRs are not common in each warehouse but they are
the most common performance indicators that are measured.

A fully implemented KPR/KPI Tree in each warehouse would be
desirable for a precise measurement. Considering the current status
of the available performance indicators in warehouses, it is realistic
to focus on the result KPR and monitoring KPT if they are available.

3.4 Conclusion of the Literature Review

The studies in the production environment analysed the impact of
lean techniques on performance indicators. Several studies with a
high sample size analysed the impact by combining the results of
lean maturity studies and performance indicators. A positive impact
of lean techniques on performance indicators is backed by several
independent studies (see section 3.1).

Some studies could be found in the warehouse environment that
analysed the lean maturity using a lean assessment. Other stud-
ies analysed performance indicators to determine the lean matu-
rity. Unlike the production environment, no study was found in
the warehouse environment that combined the two factors: neither
in pure lean warehouses for analysing a correlation between higher
maturity and higher performance nor between lean warehouses and
warehouses without lean techniques for analysing how each group
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performs (see section 3.2).

In addition to this, the existing lean maturity assessments for ware-
houses do not fulfil the desired minimum criteria (see subsection
3.3.1). The Bosch Production System Assessment V. 3.1 has the
highest level of fulfilment of the criteria but it does not focus solely
on warehouse operations.

In conclusion, there is a huge gap between the levels of evidence
for the impact of lean techniques on performance indicators in the
different environments. It is not currently possible to determine
the impact of lean approaches on performance indicators within the
warehouse environment. Thus, a new study is needed to close this
gap in evidence and analyse the hypotheses described in section 1.2.

Unfortunately, none of the existing lean maturity assessments that
focus on warehouses are adequate enough to fulfil the desired mini-
mum criteria. The Bosch Production System Assessment V. 3.1 has
the highest level of fulfilment of the criteria but it focuses on produc-
tion and only covers some of the warehouse processes as mention ear-
lier. An adaption of this assessment for the warehouse environment
would fulfil the desired criteria and enable further studies within this
subject.

33



3 Literature Review: Measuring the Impact of Lean

34



4 Bosch Logistics Warehouse
Assessment

Within the scope of this study, the Bosch Production System Assess-
ment V. 3.1 was adapted for the warehouse environment and trans-
formed into the Bosch Logistics Warehouse Assessment (BLWA).
The BLWA was developed for the Warehouse Excellence project of
Bosch in the beginning of the year 2010 (compare also Dehdari et
al. 2012). Several sources and experts were consulted for the trans-
formation of the Bosch Production System Assessment V. 3.1 into
the BLWA.

The company Bosch and the Warehouse Excellence project will be
discussed later in chapter 5. This chapter describes the develop-
ment and then the structure of the assessment. The purpose of this
chapter is to give a general overview of how the assessment works.

4.1 Development of the Bosch Logistics
Warehouse Assessment

The BLWA was developed in several steps. In the first step, the
key literature for the lean approach was re-evaluated (see section
2.1). The main components of the lean approach that needed to be
assessed in the warehouse assessment were identified based on the
defined requirements. The existing lean maturity assessments that
focused on the warehouse environments (see section 3.2) were also
analyzed. The goal was to find the components that could be used
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for the Bosch Logistics Warehouse Assessment.

The second step involved the creation of a new structure. The Bosch
Production System Assessment V. 3.1 only focused on some ware-
house operations. The warehouse processes (see section 2.2) that
were not covered by the processes in the Bosch Production System
Assessment V. 3.1 were included. Matched with the content of the
literature and other assessments, the first draft of the BLWA was
finalized.

The first draft of the BLWA was reviewed by experts from the Bosch
Production System. After their feedback was included, guideline-
based interviews were used to have the first draft checked by experts
from several organizational levels within Bosch. These experts in-
cluded representatives from the corporate level, the business unit,
warehouse leaders, and shop floor personnel. Experts from the Karl-
sruhe Institute of Technology were also questioned.

A test version of the BLWA was released after the feedback from
the interviews was incorporated. The test version was tested in
three warehouses. The feedback from the test version was taken
into consideration and, after a final review by the corporate Bosch
Production System expert team, the BLWA was released.

4.2 Structure of the Bosch Logistic
Warehouse Assessment

The structure of the BLWA is shown in figure 4.1.

The structure is divided into three segments: the Continuous Im-
provement Process (CIP), overall subjects, and warehouse processes.
The CIP consists of the System-CIP and Point-CIP, which are Bosch-
specific terms that were developed by Bosch Production System ex-
perts (Robert Bosch GmbH, 2012).

The System-CIP pertains to process and value stream design. It
aims to capture the current value stream status with techniques
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like value stream mapping (Rother and Shook, 2008), layouts, and
spaghetti diagrams (Flinchbaugh, 2009). The value stream target
can also be designed using the true north alignment and the busi-
ness requirements of the selected warehouse. System-CIP projects
with target conditions must be defined to close the gap between
status and target. Target conditions consist of a standard, a perfor-
mance indicator goal, and a stabilization criterion. The standard has
to be defined, easy to understand, described clearly, and displayed
on-site. It also must be possible for workers to meet the standard
and it must be measurable. The measurability of the standard is
important because the second element of the target condition, the
performance indicator, would not make any sense otherwise. Com-
prehensive limits also have to be defined to describe the stabilization
criterion. Finally, adherence to common standards, guidelines, and
legal restrictions has to be ensured. Once these target conditions
have been implemented, they are handed over to the Point-CIP.

The Point-CIP is a method for process stabilization and improve-
ment. It is comprised of five elements: target condition, quick re-
action system, regular communication, sustainable problem solving,
and process confirmation. This method continues to be used until
the stabilization criteria are met permanently.

The definition for the Point-CIP target condition is the same as
the one for the System-CIP. The quick reaction system consists of
a trigger for reactions, defined responsibilities, measures, and an
escalation scheme. The following questions are used to define a quick
reaction system:

e Who? - Responsible person for taking action — starting at the
operator level

How long? - Time limit for problem solving at each level

What? - Systematic description of measures, how to document
facts

e How? - Problem solving method to be used
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e Output? - Records to be created (for example, problem solving
sheet)

e Valid? - 24 hours, Monday to Sunday

Regular communication consists of the definition of the participants,
the tools used, and a schedule. Regular communication can be es-
tablished at many points within a warehouse: it can be defined
at different hierarchical levels or in different areas. An aligned se-
quence of the various types of regular communication supports the
input and output of information for the different meetings. Regular
communication supports the process of sustainable problem solving
and the exchange of information between all departments by rules
defined at all levels.

The following elements are important for sustainable problem solv-
ing: a root cause analysis, sustainable countermeasures, sustainable
proof of rollout to other areas, prevention of re-occurrences, and a
standardization of the result. Sustainable problem solving should be
done in a team with problem solving experts, leaders from the area,
and shop floor workers.

Process confirmation is a verification of the adherence of the oper-
ators to a standard. It also contains an analysis of any deviations
from the standard that occurred. Standards have to be checked fre-
quently because of fluctuating process outputs, varying parts (for
example, changing the combination of parcels), and changing oper-
ators (compare also section 2.3).

The strength of the System-CIP and the Point-CIP is the linking
and combination of the elements with each other. The following
real-world example will make this clear. The System-CIP cycle
highlighted that a new milk run was necessary in one of Bosch’s
production warehouses in the south of Europe. The target condi-
tion for the new milk run was defined: a timetable, a cycle time of 16
minutes for the route, and plus or minus 1 minute as the stabiliza-
tion criterion. After the milk run was implemented and the workers
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were trained, the target condition was handed over to the Point-
CIP. Hours after the implementation, the milk run driver reached a
station on his route with a 1.5 minutes delay. The quick reaction
system helped the milk run driver react accurately. He escalated the
delay to his supervisor and asked for the support of another worker.
The quick reaction system also defined that he had to document
the delay using the questions mentioned above in a regular commu-
nication. In the next regular communication, the supervisor asked
the driver for the information about the delay of the milk run and
because this was a newly defined critical implementation he decided
to establish a problem solving team to understand why the milk run
came late. After investigating the problem in a structured way, the
team discovered that the milk run collided with another milk run
every second or third cycle. They performed some tests and pro-
posed a solution to reschedule the new milk run. After discussing
this proposal in the standard management meeting, the standard
of the milk run was changed. As part of the process confirmation,
the cycle time adherence was checked daily for three months. The
problem was only considered to be solved permanently if the milk
run did not come late again during this time period.

The roots of the System-CIP and the Point-CIP are in the Japanese
automotive production systems. A lot of the lean systematic men-
tioned in section 2.1 by various authors, and in particular, ana-
lyzed and summarized by Dehdari and Schwab (2012) is covered by
System- and Point-CIP. For example, the general topics of failure
prevention systems, employee involvement, and standardized work.
The main warehouses processes in the assessment represent the pro-
cesses described in chapter 2.2. Only input and output are included
under storage. A detailed list of the topics that are covered is shown
in the figures 4.2 and 4.3.

The topics also have subtopics. To cover each subtopic, several crite-
ria have to be assessed with different maturity levels. The maturity
levels start at 0 and go up to the level 4. The higher the level, the
more challenging and mature the criteria. Each criterion has a con-
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Storage

Incoming Goods

Overhead Outgoing Goods Packaging Picking
Storage
Qualification Organization Packaged Good Picking Process Technic/Layout Receiving Process
Technical Equipment | Packaging Material | Organizational System Storage Criteria Entry/Booking
Visualization Packaging Process Information System | Inventory Management Inspection
Visualization Visualization Visualization Visualization

Time window
adherence

Lead time of the
packaging process

Lead time of the
picking process

Lead time of the
storage process

Time window adherence of
receiving

Balancing of complete
shipping processes

Packaging error rate

Picking error rate

Storage error rate

Balancing of receiving
processes

Lead time of the
shipping process

Lead time of the receiving
process

Dispatch error rate

Receiving error rate

Handling steps

Handling steps

Figure 4.3: Bosch Logistic Warehouse Assessment Topics Part 2
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cept dimension and an execution dimension that are linked together.
This link ensures that the documented standard will be checked to
see if it is executed. Figure 4.4 explains the relationship between
topics, components, criteria, and maturity levels. The link between
concept and execution is explained by the example in figure 4.5. In
this figure, the standard for time windows is asked for at the con-
ceptual stage. During execution, the adherence to the time window
is sought.

4.3 Intermediate Result: Measuring
Systematic

To evaluate the impact of lean techniques accurately, we need to
measure the maturity of the lean entity and the performance change
with performance indicators. Chapter 4 identifies a gap between the
maturity of the methodology measuring the impact of leanness in a
production environment and that in a warehouse environment. De-
tailed measurements are needed to gain reliable knowledge. This is
why section 3.3.1 identifies BPS Assessment V3.1 as the most precise
in terms of the requirements. However, an adaption was necessary
because it was designed for the production environment. The BLWA
fulfills these adaptation needs. Together with the KPR/KPI Tree
(see sub section 3.3.2), accurate measurement techniques are now
available to test the hypotheses described in section 1.2.
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Figure 4.4: BLWA link between execution and concept
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5 Design of the Experiment

The previous chapters identified and developed the measuring met-
hod. This chapter discusses the design of the experiment of this
study. This means that we get to know the structure of the obser-
vation sample and the control sample that are parts of the design
of the experiment. This includes the sample sizes, the warehouse
types (see section 2.2) and geographic regions of the warehouse lo-
cations. The use of the measuring methods identified and developed
in section 4.3 are also described. The analysis of the samples in
this chapter should make it possible to determine the validity of the
defined hypotheses (see section 1.2) in chapter 6.

5.1 Warehouse Excellence Group - the
Observation Sample

The Bosch Group is a supplier of technology and services in the
areas of automotive and industrial technology, consumer goods, and
building technology. These broad areas form a good cross section of
the economy. The Bosch Group is made up of Robert Bosch GmbH
along with its roughly 350 subsidiaries and regional companies in
some 60 countries, including over 800 warehouses. Nearly half of
the Bosch warehouses are operated by Bosch and the other half are
run by logistics service providers.

The performance of these warehouses is crucial to the success of the
company. High delivery performance targets and quality require-
ments have to be fulfilled. These warehouses also cause significant
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costs. However, a Bosch internal observation study showed a gap in
the lean maturity level between the production and warehouse envi-
ronment. In order to close this gap, the Bosch Group established a
pilot project to test and evaluate the adaptation of the Bosch Pro-
duction System to the warehouse environment. The Bosch Group
also decided that an additional goal of the project was to measure
the impact of the Bosch Production System on performance indica-
tors. This impact measurement would form the basis for the decision
for a worldwide rollout that would affect all 800 warehouses.

The Bosch Group named the pilot project Warehouse Excellence.
The Warehouse Excellence group was chosen randomly and con-
sisted of 16 warehouses located in seven countries. These were com-
prised of six distribution warehouses, seven plant warehouses, and
three raw material warehouses. These 16 warehouses handle three
different kind of businesses. The different businesses are automotive
technology goods, industrial technology and consumer goods, and
building technology. Fourteen warehouses out of the 16 warehouses
are single user warehouses and handle one business. Two of the 16
warehouses are multi-user warehouses and each of them handle two
different businesses. In total, two are involved in industrial technol-
ogy, 10 warehouses handle automotive technology, and six deal with
consumer goods and building technology.

Eight of the warehouses were operated by Bosch and another eight
by logistics service providers. These included three of the five biggest
logistics service providers in the world as measured by the turnover.
All other detailed structural information are given in appendix A
and appendix B.

5.1.1 The Warehouse Excellence Project - Lean
Empowerment

The project ran from November 2010 to March 2012. Key perfor-
mance indicators are available from January 2010 to December 2011.
It is safe to assume that there was less focus on lean in the year 2010
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than in the year 2011. So, ideally, these two years can be compared
with each other. This section describes the empowerment program,
milestones, and the available data that was gathered during this
period.

Empowerment

The actions undertaken within the warehouses were based on an
empowerment program. Figure 5.1 shows the four elements of the
empowerment program. The empowerment program is based on
the literature in section 2.1 and the experience of Bosch Production
System experts. The aim is to enable the warehouse leader to drive
the continuous improvement process as per the lean warehousing
definition given in section 2.4. As described in chapter 4, the System-
CIP and Point-CIP play a significant role in the achievement of that
goal. The empowerment program consists of four elements that are
described below.

Each of the three Bosch Logistics Workshops (BLW) was held over
two days. The workshop sought to introduce knowledge about the
System-CIP (BLW I), the Point-CIP (BLW II), and special problem
solving (BLW III) in a practical way. For example, the theory behind
value stream mapping was taught in an hour-long classroom lecture.
The participants then tried value stream mapping within instuctor-
led groups in the warehouse. A separate session was necessary for
problem solving because it is so highly complex. The first workshop
took place in December 2010, the second in March 2011, and the
last in June 2011.

The Bosch Logistics Learning Groups (BLLG) helped warehouse
managers solve upcoming problems together. Rotational one and
a half day visits to different warehouses also supported knowledge
transfer between warehouses. The participants met six to seven
times during the project period.

The Bosch Interdisciplinary Local Teams (BILT) supported knowl-
edge transfer from the workshops to the warehouse operations of
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the participants. Lean experts coached warehouse managers to ad-
just and implement the learned methodologies. The coaches also
provided detailed feedback to those in leadership roles.

The final component was the exchange of good practices with the
lean management working group in the warehouses of the German
Logistics Association (BVL). In this working group, several compa-
nies identified the lean success factors and tested this out in pilot
warehouses of their own. Furmans and Wlcek (2012) summarized
and published the results.

Milestones

The milestones provided a direction and challenged the warehouses
within their lean activities. These milestones were to be reached
during the project period. The first milestone required value stream
mapping, value stream design, and a project plan. The project plan
was to close the gap between the two value streams. These repre-
sented parts of the System-CIP cycle. The second milestone involved
establishing regular communication and visualizations. The latter
included the visualization of standards, process statuses on the shop
floor, and major key performance indicators. The second milestone
served as preparation for the third, which required one closed Point-
CIP cycle from the participating warehouses. In addition to regu-
lar communication and target conditions, this included three other
elements: a quick reaction system, problem solving methods, and
process confirmation. Figure 5.2 shows the milestones covered by
the empowerment components.

Measuring

Three different measurement techniques were used to produce a
holistic picture of warehouse performance. These included the BLWA|
result KPR tracking, and monitoring KPI tracking if available.

In order to reach the milestones, the lean maturity of the warehouses
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Milestone | Milestone Il Milestone Il Evaluation
*«VSM/VSD -« Regular Com. -« Point CIP
« Project plan  « Visualization
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Bosch Logistics
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Bosch Logistics
Learning Group
(BLLG)

Figure 5.2: Warehouse Excellence project milestones
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was recorded with the BLWA (see chapter 4) before warehouse ac-
tivities began. The maturity in the 70 components (see figure 4.2
and 4.3) were recorded by the assessors for each warehouse. By
multiplying the number of components with the number of ware-
houses, we find 1120 ordinal data at our disposal (compare Bortz
and Weber, 2005, for a definition of ordinal data). Each record was
made on the shop floor by two assessors. Feedback rounds were used
to ensure that the observations were aligned between the assessors
and the warehouse leaders. This ensured that subjective perceptions
were kept to a minimum. The assessors used a laboratory book as
an organizational tool to record the most important environmental
points not covered in the structure sheet.

Rational data (Bortz and Weber, 2005) were provided by the moni-
toring KPI measurements. Result KPRs from January 2010 to De-
cember 2011 were also analyzed. Delivery performance, quality per-
formance, and productivity were also taken into consideration.

Delivery performance at the result KPR level represents the overall
process in most organizations. Delivery performance usually only
measures if the confirmed customer order was fulfilled correctly at
the end of the supply chain. To know the root cause, it is necessary
to know where the problem occurred within the supply chain. For
example, one frequent reason for a delivery performance error is that
the product was not assembled in time. A more detailed measure-
ment, such as that between two internal processes, would indicate
where it happened but this kind of measurement is rare. This indi-
cates that customer claims frequently cannot be tracked back to the
supply chain participant that caused the problem.

Another point regarding the measurement of delivery performance
is that very often no trend or fluctuation could be recognized in
the measured performance indicator within the project. The reason
for this is that the workforce in the consumer goods warehouses of
the Warehouse Excellence group is highly flexible. The workforce
usually extends their working hours until the last order is fulfilled.
A flat delivery performance was also common in the participating
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automotive warehouses. No recorded incident suggested that a cus-
tomer delivery performance claim was caused by the warehouse. It
will be difficult to conclude any impact of the lean approach on this
performance indicator at the result KPR level because of that overall
measurement of the delivery performance indicator and the usually
flat line of the delivery performance. To measure the impact within
the Warehouse Excellence project, a more detailed measurement is
required than what is available now.

Like with delivery performance, the quality performance indicator
at the result KPR level also measures the overall process. The mea-
surement shows if the right product in the right quality and in the
right quantity reached the customer of the end of the supply chain,
regardless of where the mistake was made. There is also a time
gap between the error caused on the shop floor and the reported
claim from the customer. This time gap often blurs the KPR. In
the automotive sector, the annual claim rates are at most a single-
digit figure. This statistic of rare events also frequently leads to a
flat quality performance line. To measure the impact within the
Warehouse Excellence project, a more detailed measurement of the
quality performance indicator is required than what is available now.

Productivity is measured by comparing an output factor with an
input factor. In the warehouse, a common measurement is to divide
order lines by man-hours. This means that the measured perfor-
mance indicator can represent the focused area exactly. Gaps in
time do not exist between the effect caused on the shop floor and
the effect discovered with the KPI. Fluctuating order volumes and
adjustments in the workforce also lead to volatile productivity lines
that support effect analysis. Measurements between two different
internal processes using monitoring KPI are also possible and partly
available in warehouses. The lack of time gaps, volatile productivity
lines, and the availability of monitoring KPIs are all sufficient for
measuring this performance indicator for this thesis.

Another reason why no trend can be recognized by observing the
quality performance and delivery performance indicators are the
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boundary conditions. For a warehouse operation, quality and de-
livery performance is more a constrain and productivity is a target.
This means that the priority is clear and to the account of produc-
tivity performance that let a trend be recognized.

In summary, detailed measurements of the delivery performance and
quality performance figures will not be taken into consideration. Of
course it is important to know that the delivery performance and
quality performance have not been influenced negatively by the lean
approach so far. We know that no major incident has taken place
within the project period. A detailed measurement like the pro-
ductivity performance measurement is not possible at this moment
because of the above mentioned reasons. Therefor the focus will be
on productivity measurements. Productivity figures from January
2010 to December 2011 are available for each warehouse. Monitoring
KPI from areas that focused on implementing lean are also available
and will be analyzed. The data for analysis usually ranges from a
period before implementation to a certain period after it. The min-
imum length of time considered before the lean implementation for
control measurements is usually, at a minimum, the same length of
time considered for measurements after implementation.

5.2 Control Group

A control group was needed to test hypothesis IV in section 1.2.
The control group consisted of 56 randomly selected Bosch ware-
houses located across 16 countries. These included 38 distribution
warehouses and 18 plant warehouses. Thirty-seven warehouses are
in the automotive business, 6 in industrial technology, and 13 in
consumer goods and building technology. Twenty-seven of the ware-
houses are operated by Bosch and 29 by logistics service providers.
This included three of the five largest logistics service providers in
the world as measured by the turnover. All other detailed structural
information is provided in appendix B.1. The control group was not
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influenced by an empowerment program or by milestones that they
had to achieve.

Measurements were carried out that were similar to those under-
taken for the Warehouse Excellence group. At the same time, lean-
ness measurements in the control group were conducted using an
online survey. Before the online survey was released, it was tested
on seven staff members from the Karlsruhe Institute of Technology
(KIT), one lean expert, and two warehouse managers. The diversity
of the test participants ensured feedback from different perspectives.
The questionnaire was finalized after the feedback from the test was
taken into consideration.

To ensure high response quality, the participating Bosch warehouses
were encouraged by Bosch’s logistic steering committee to complete
the survey. The project team contacted each warehouse manager to
explain the purpose and structure of the survey. The warehouses
were given two weeks and the support of the project team to com-
plete the survey. A plausibility check ensured that the survey an-
swers were filled in precisely. For example, if a warehouse did not
have value stream mapping, they could not have a project plan that
included a value stream status and a value stream target. Such
issues were handled by the questionnaire. The final questionnaire
consisted of 19 components that covered the System-CIP and the
Point-CIP. A total of 1064 ordinal data were at our disposal.

As a result of the discussion in subsection 5.1.1, the control group
also focused on productivity KPI so that rational numbers could
be acquired. From the 56 randomly chosen warehouses, only 18
warehouses measured productivity at the result KPR level. This is
why only 432 rational numbers were acquired.

5.3 Method for Testing the Hypotheses

The method for testing the hypotheses I-IV in section 1.2 is described
in this section. The verification structure is presented in figure 5.3.
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5 Design of the Experiment

The first analysis will show if the Warehouse Excellence group im-
plemented lean approaches and improved them. To do this, the
Warehouse Excellence group will be evaluated using the BLWA. The
aggregate average scores in each BLWA component will be shown for
the measurement before and after the project. A deviation will be
noticed when the two results are compared and this makes it possi-
ble to identify the impact of the project. If an improvement in the
lean maturity is detected, the precondition for the Hypotheses I-III
is established because we now know that a movement on the ab-
scissa (see 1.2) can be shown. In order to strengthen the statement
that the Warehouse Excellence group improved their lean maturity
level and to be able to measure the impact of the project, hypothesis
tests will be conducted to show that the first data set is significantly
different from the second data set.

To establish the precondition for Hypothesis IV, the delta and devi-
ation of the Warehouse Excellence group will be compared with the
BLWA results of the control group. The comparison will be done
with three different group compositions and in the following order:

e The entire control group

e The 18 warehouses that measure productivity and are the most
mature in terms of lean development

e The warehouses that do not measure productivity

An additional hypothesis test will be carried out to strengthen the
statement about a higher lean maturity development in the Ware-
house Excellence group. The results of the hypothesis test of the
Warehouse Excellence group will be compared with the test results
of the control group.

The productivity development will be analyzed in the next step.
First, the focus will be on productivity development from January
2010 to December 2011 at the result KPR level of the Warehouse
Excellence group. Next, the productivity development from Jan-
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5.3 Method for Testing the Hypotheses

uary 2010 to December 2011 will be compared at the result level
for both groups. Since the lean activities began in the Warehouse
Excellence group at the end of 2010, we should see a positive ten-
dency in the group in 2011. This would support Hypothesis I. If the
tendency of the Warehouse Excellence group is better than that of
the control group, it would support Hypothesis IV. Additional sup-
port for Hypothesis I will involve the analysis of the productivity
monitoring KPI of the Warehouse Excellence group in areas where
lean techniques were implemented. Additional analysis of the lean
assessment results could provide evidence about lean improvements
in these areas. A comparison of the level of lean improvement with
that of an increase in productivity could support Hypotheses II and
III. A correlation analysis to validate Hypotheses IT and III will also
be done at the KPR level for the Warehouse Excellence group, the
control group, and both groups together.

A final discussion on the qualitative factors and reflection on all
hypotheses will complete the verification structure and finalize the
research.
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6 Analyzing the Lean Impact

The design of experiment and the testing structure described in
chapter 5 will be used in this chapter to test the hypotheses. First,
the statistical techniques that were used to analyze the data will
be described and the reason for their selection will be explained.
Then, an analysis of lean improvement, productivity impact, and
correlation will be conducted.

6.1 Statistical Background

The descriptive statistics will be supported by graphs, tables, and
characteristic values to present the generated data. Average, stan-
dard deviation, and linear regressions will be the characteristic val-
ues (Bortz and Weber, 2005; Backhaus et al., 2003) used most often
in this thesis.

Unfortunately, descriptive statistics are limited by the generated
data. It may not be possible to offer a statement about the popu-
lation or calculate significance levels. During elections, for example,
most institutes ask for a small sample size, evaluate the data, test it,
and use it to generate a statement about the population. Inferential
statistics are needed for such tests. These inferential statistics are
divided into parametric and non-parametric tests. Parametric tests
assume that the sample belongs to a population whose distribution
is known. Statistical tests on samples evaluate their distribution,
ascertaining, for example, if they are normally distributed. These
tests are called goodness of fit tests. If a goodness of fit test can-
not indicate a known distribution for the sample, the sample can be
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6 Analyzing the Lean Impact

tested by a non-parametric test.

6.1.1 Choosing the Goodness of Fit Test

Lehmann and Romano (2005), Anderson and Darling (1954), Sa
(2008), Cirrone et al. (2004), Duller (2008); and Janssen (2005) dis-
cussed and analyzed several goodness of fit tests. The literature
review identified the following tests as the most relevant ones:

e Kolmogorov-Smirnov test
Lilliefors test
Chi-Squared test

Anderson-Darling test

e Cramer-von Mises test
Shapiro-Wilk test

Research by Janssen (2005) and Lehmann and Romano (2005) showed
that the Kolmogorov-Smirnov test is more effective than the Chi-
Squared test in evaluating goodness of fit. The Anderson-Darling,
Cramer-von Mises, and Lilliefors tests are based on the Kolmogorov-
Smirnov test. Cirrone et al. (2004) and Lehmann and Romano
(2005) said that the Anderson-Darling and Cramer-von Mises tests
outperform the Kolmogorov-Smirnov test because they are more
sensitive indicators of the distribution. S& (2008) compared the
Kolmogorov-Smirnov test, the Shapiro-Wilk test, and the Lilliefors
test. He identified the Kolmogorov-Smirnov test as the weakest of
the three and the Shapiro-Wilk test as the strongest across various
tested sample sizes. Razali and Wah (2011) compared the Shapiro-
Wilk test, the Kolmogorov-Smirnov test, the Lilliefors test, and the
Anderson-Darling test. They concluded that the Shapiro-Wilk test
is the most powerful test for different distributions and sample sizes.
Hence, this research uses the Shapiro-Wilk test as described in Sa
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(2008), Duller (2008), and Razali and Wah (2011).

If the Shapiro-Wilk test shows that the sample structures are distri-
bution free, non-parametric tests will be used to analyze the samples.

6.1.2 Choosing the Non-Parametric Test

Janssen (2005) describes four distinguishing characteristics that must
be considered before choosing a non-parametric test. These are sam-
ple size, scale level, sample quantity, and whether the samples are
dependent from each other or not. Duller (2008), Janssen (2005), Sa
(2008), Toutenburg et al. (2009), Genschel and Becker (2005), and
Gibbons (2003) describe several non-parametric tests.

The most common tests for two independent samples with minimum
ordinal scales are as follows:

Mann-Whitney U test
Median test

Moses test

e Kolmogorov-Smirnov Z test
Wald-Wolfowitz test

Toutenburg et al. (2009) and Duller (2008) describe the Mann-
Whitney U, Median, and Moses tests that test specific parameters
and show where the difference occurs within samples. The Mann-
Whitney U and Median tests are sensitive to the location of the dis-
tribution among samples. Janssen (2005) describes the Median test
as being a very general test and, hence, rather poor in its effective-
ness. The Mann-Whitney test is considered to be very effective for
large samples. The Moses test is sensitive to the shape of the distri-
butions and is similar to the Wilcoxon Signed-Rank test, which will
be described later. It is especially suitable when extreme reactions
are expected (Duller, 2008). The advantage of the Kolmogorov-
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Smirnov Z test and the Wald-Wolfowitz test is their sensitivity to
the location and shape of the samples distribution. The so-called
Omnibus tests that are sensitive to both criteria cannot show where
the difference occurs within the samples but indicate when signif-
icant differences exist (Genschel and Becker, 2005; Gibbons, 2003;
Janssen, 2005; S&, 2008). Duller (2008) describes the Kolmogorov-
Smirnov Z test as being more effective than the Wald-Wolfowitz test.
In conclusion, we will use the Kolmogorov-Smirnow Z test for tests
with two independent samples with minimum ordinal scales data for
this thesis.

The most common tests for two dependent samples with minimum
ordinal scales are (Janssen, 2005; S&, 2008; Duller, 2008; Genschel
and Becker, 2005) as follows:

e Wilcoxon Signed-Rank test
e Sign test

The Wilcoxon Signed-Rank test considers the magnitude of the dif-
ference between sample parameters. The Sign test does not, which
makes the Wilcoxon Signed-Rank test more effective (S, 2008).
This more effective aspect is also the reason why this test will be
chosen for this thesis for tests with two dependent samples with
minimum ordinal scales data.

All of the described statistical tests are conducted using the IBM
SPSS Statistics Version 20 software. SPSS calculates significance
level for each test. Claufl et al. (1994) and Bol (2003) offer the
following interpretation for the calculated significance levels:

Significance level < 0.001 = high significance level

Significance level > 0.001 and < 0.010 = very significant level

Significance level > 0.010 and < 0.050 = significance level
e Significance level > 0.050 and < 0.100 = low significance level
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e Not significant if above > 0.100

6.2 Analysis of Lean Maturity Development

The results of the BLWA are presented in this section. The devel-
opment of the lean maturity of the Warehouse Excellence group and
the control group are shown by comparing the results of the first
and second assessment.

6.2.1 Lean Maturity Development of the Warehouse
Excellence Group

Descriptive Analysis

Chapter 4 described the development of a maturity assessment for
measuring the leanness of a warehouse and section 5.1 described the
project, Warehouse Excellence, while focusing on the 16 warehouses
in the observation group. The Bosch Logistics Warehouse Assess-
ment evaluated the 16 warehouses from the end of 2010 to the end
of 2011 / beginning of the year 2012.

The accumulated results are highlighted in the figures 6.1, 6.2, 6.3,
6.4 and the tables 6.1, 6.2.

Table 6.3 provides figures for the assessment results over two dif-
ferent years. There is a high level of improvement in the overall
average points as well as in the points focusing on the main lean
components System-CIP and Point-CIP, which were emphasized in
the Warehouse Excellence project. Additionally, the coefficient of
variation shows that the spread of the function narrows.

Table 6.3 shows that the total average accumulated score improves
by about 60 points, an increase of 84%. D.1 shows that each ware-
house improves its entire system. Moreover, the variation coefficient
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6 Analyzing the Lean Impact

Average of the Bosch Logistics Warehouse Assessment 2010
—l— Average of the Bosch Logistics Warehouse Assessment 2011

Figure 6.1: BLWA results: Warehouse Excellence group 2010 vs. Warehouse Excellence group
2011 (part 1)
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3.1 Overhead

3.3 Packaging

-
u w 10 20 s 40
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=
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2011 (part 3)

Average of the Bosch Logistics Warehouse Assessment 2010
—— Average of the Bosch Logistics Warehouse Assessment 2011

Figure 6.3: BLWA results: Warehouse Excellence group 2010 vs. Warehouse Excellence group
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6 Analyzing the Lean Impact

Cateaorv WaEx 2010 WaEx 2011
1.1 System-CIP Concent

Business Requirements 0.750 2.000
Value Stream Planning 0.375 1.875
Identification of Improvement Activities 0.125 1.375
Definition of Target Conditions 0.125 1.438
System-CIP Projects 0.188 1.375
Point-CIP Areas 1.125 2.125
1.1 Svstem-CIP Execution

Target Derivation 0.688 1.375
System-CIP Cycles 0.250 1.000
Improvement Focus 0.938 2.563
Leadership Involvement 0.313 2.188
VSM-Quality 0.750 1.938
Target Achievement 0.125 1.688
1.2 Point-CIP Concent

Target Condition 0.438 1.438
Quick Reaction System 0.438 3.250
Regular Communication 1.375 2.813
Sustainable Problem Solving 0.438 1.313
Process Confirmation 0.313 1.063
1.2 Point-CIP Execution

KPI-Effect 0.188 1.563
Oualitv of Problem Solvina 0.250 0.438
2.1 Failure Prevention Svstem Concent

Work Content 1.250 1.563
Visualization 0.938 1.750
2.1 Failure Prevention Svstem Fxecution

Error Rate 1.938 3.313
2.2 Emnlovee Involvement Concent

Involvement 0.375 0.625
Target Deployment Team Lead 1.000 1.938
Qualification / Training 1.375 2.063
2.2 Emnlovee Involvement Execution

Multi-Skilled Operators 2.375 3.000
Operator Involvement 0.438 1.125
Leadership Involvement 0.188 0.625
2.3 Standardized Work Concent

Coverage of Standardized Work 0.625 1.313
Visualization 0.438 1.500
Qualification 0.625 1.438
2.3 Standardized Work Fxecution

Stability 0.188 0.125
5S Status 1.500 2.250
Productivity, 1.438 2.500

Table 6.1: BLWA results: Warehouse Excellence group 2010 vs.
Warehouse Excellence group 2011 average scores (part 1)
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Category WaEx 2010  WaEx 2011
3.1 Overhead Concept

Qualification 0.600 1.688
3.2 Outgoing Goods Concept

Organization 0.750 1.063
Technical Equipment 2.500 2.500
Visualization 0.438 0.813
3.2 Outgoing Goods Execution

Time Window Adherence 0.375 0.688
Balancing of Complete Shipping Processes 0.063 0.188
Lead Time of Shipping Process 0.063 0.313
Dispatch Error Rate 2.031 2.656
Handling Steps 0.125 0.063
3.3 Packaging Concept

Packaged Good 1.719 1.885
Packaging Material 1.625 2.073
Packaging Process 0.938 1.208
Visualization 1.063 1.552
3.3 Packaging Execution

Lead Time of Packaging Process 0.313 0.438
Packaging Error Rate 1.688 2.750
3.4 Picking Concept

Picking Process 0.969 1.344
Organizational System 1.188 1.250
Information System 1.594 1.781
Visualization 0.875 1.531
3.4 Picking Execution

Lead Time of Picking Process 0.063 0.531
Picking Error Rate 1.531 2.344
3.5 Storage Concept

Storage Technic/Layout 1.906 1.906
Storage Criteria 2.031 2.406
Inventory Management 2.063 2.438
Visualization 1.188 1.188
3.5 Storage Execution

Lead Time of Storage Process 0.125 0.313
Storage Error Rate 0.313 1.563
3.6 Incoming Goods Concept

Receiving Process 0.563 1.281
Entry/Booking 1.688 2.188
Inspection 0.867 0.867
Visualization 0.375 0.813
3.6 Incoming Goods Execution

Time Window Adherence of Receiving 0.625 0.875
Balancing of Receiving Processes 0.063 0.625
Lead Time of Receiving Process 0.375 0.781
Receiving Error Rate 0.813 1.875
Handling Steps 0.250 0.063

Table 6.2: BLWA results: Warehouse Excellence group 2010 vs.
Warehouse Excellence group 2011 average scores (part 2)
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WaEx 2010 | WaEx 2011 | difference
Average Points in all assessment categories 57.62 105.77 +83.56 %
Coefficient of variance by all assessment categories 4722 % 30.31 %
Average Points in System- & Point-CIP categories 9.18 32.81 +257.14 %
Coefficient of variance by Points in System- & Point-CIP categories 88.26 % 28.35 %

Table 6.3: BLWA results: total points

becomes smaller, which indicates a more aligned group. This means
that the improvement of the average score is not just influenced by
single warehouses that improved greatly while all other warehouses
did not improve. It is more a sign that the entire group reached a
specific positive development.

Focusing solely on the results of the System-CIP and Point-CIP, the
average accumulated score rises by 257%. This increase is larger
than the improvement to the total score. This also represents the
focus and goals of the project. Appendix D.1 shows that before the
Warehouse Excellence project only a few warehouses had established
a continuous improvement cycle from process design to target con-
dition implementation and up to process stabilization. By reaching
all of the milestones, all warehouses now have a continuous improve-
ment cycle with different maturity levels. These are also represented
in the scores shown in Appendix D.1.

The System-CIP section consists of six components. The three com-
ponents — identification of improvements, definition of target condi-
tions, and System-CIP projects — are necessary for implementing
specific actions. These three components show a gap in 2010 as well
as in 2011 compared to other System-CIP components. The average
score of the three components is 0.15 in 2010. For the others, this is
0.75 in 2010. In the year 2011, the three components had an aver-
age of 1.4, the others had 2.0. This gap narrows (viewed relatively)
slightly but is still visible.

This also reflects the project team’s experience during the Ware-
house Excellence project. The actions that were defined by the
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warehouses were inaccurate. For example, the project plans did
not include any capacity planning for the persons involved. Another
example is that when a target condition was defined, the KPI needed
to monitor that standard was not defined. Also, a systematic way
of identifying the most important areas for improvement did not ex-
ist. Furthermore, the link between the goals and the projects was
not shown with figures. Without these, a comprehensive strategy
for creating and reaching medium-term/long-term goals can never
be established. This was also one of the major findings during the
project.

In the execution part of the System-CIP, the component leadership
involvement had an average score of 0.313 in 2010 — one of the lowest.
After focusing on the role of the leader in the CIP process, the score
in 2011 was 2.188 points — one of the strongest in the category. This
indicates that the taken measures were effective.

The Point-CIP results improved from an accumulated average score
of 0.491 to 1.696 in 2011. This delta also shows that the taken
measures were effective. In 2010, regular communication existed in
practice but most warehouses lacked a well-defined scope for dis-
cussing KPIs and their deviations. Problem solving (0.438 points
in 2010 and 1.313 points in 2011) and process confirmation (0.313
points in 2010 and in 1.063 points in 2011) were the two subjects
with the lowest scores but still showed a clear improvement. The
project team could confirm the assessment results with their expe-
riences on the shop floors. None of the warehouses had ever had
problem solving training with the shop floor team and root cause
analysis was part of the training. Process confirmation was also
lacking. The leaders often implement standards but did not follow
up on them to ensure adherence.

Inferential Analysis - Goodness of Fit Test

This section analyzes if the changes in the assessment results of the
Warehouse Excellence group were significant or not. If we know if
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the results are significant, we can estimate with a higher level of
evidence if our results are random or based on the influence of the
lean approach. In later sections, we will examine the following:

e The total assessment result for each warehouse of the Ware-
house Excellence group

e The System-CIP and Point-CIP assessment results for each
warehouse in the Warehouse Excellence group

e The System-CIP and Point-CIP assessment results for each
warehouse in the control group

Before using a hypothesis test to describe the significant level of the
results, it is necessary to test how the evaluated data is distributed
(see section 6.1.1). If we know that the data is normally distributed
or not, we can decide if parametric or non-parametric hypothesis
tests can be used. To acquire a high level of evidence, the goodness
of fit test will be done on each data set that will be tested later.

For the Shapiro-Wilk Test, we will assume the following hypotheses:

Hy: The data set is normally distributed -> “We can use
parametric two sample tests with a very high test power”

H;: The data set is not normally distributed -> “We have to use
non-parametric two sample tests with a good test power”

Table 6.4 shows the results of the Shapiro-Wilk test for the total
assessment result for each warehouse in the Warehouse Excellence
group. Each line represents one warehouse. The abbreviation WaEx
in the row stands for Warehouse Excellence group. The numbers 10
and 11 represent the data periods that are evaluated together. The
first set of data is from the end of 2010 (10) and the second set is
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Shapiro-Wilk

Stat- Signi-

istic df ficance
WaEx 10 & 11 W1 .699 138 .000]
\WaEx 10 & 11 W2 .854 138 .000]
WaEx 10 & 11 W3 .789 138 .000]
WaEx 10 & 11 W4 .807 138 .000]
WaEx 10 & 11 W5 .758 138 .000]
WaEx 10 & 11 W6 .891 138 .000]
WaEx 10 & 11 W7 .769 138 .000]
WaEx 10 & 11 W8 .785 138 .000]
\WaEx 10 & 11 W9 .855 138 .000]
WaEx 10 & 11 W10 .804 138 .000]
WaEx 10 & 11 W11 .879 138 .000]
WaEx 10 & 11 W12 728 138 .000]
WaEx 10 & 11 W13 773 138 .000]
WaEx 10 & 11 W14 .782 138 .000]
WaEx 10 & 11 W15 .854 138 .000]
WaEx 10 & 11 W16 771 138 .000]

Table 6.4: Shapiro-Wilk test for the total assessment results of the
Warehouse Excellence group
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taken at the end of 2011 (11). The calculated significance level is
below 0.001%. This means that we can reject Hy with a high level
of significance and assume that H; is valid. This means that no
warehouse in the Warehouse Excellence group has assessment results
that are normally distributed and this was expected. In conclusion,
non-parametric tests should be used for the evaluation of the total
assessment results of the Warehouse Excellence group.

The Hypotheses Hy and H; can also be applied for the Shapiro-Wilk
test in which the System-CIP and Point-CIP assessment results for
each warehouse of the Warehouse Excellence group are analyzed.

Table 6.5 shows the result of testing the System-CIP and Point-CIP
assessment results of the warehouses in the Warehouse Excellence
group. The terminology in this table is the same that is used in the
Shapiro-Wilk test table except that the letters S and P are added,
which stand for System-CIP and Point-CIP. All of the warehouses
tested below the significance level of 0.001% in this test as well. This
means that Hy can be rejected with a high level of significance and
it can be assumed that H; is valid. This means we can assume that
the System-CIP and Point-CIP assessment results of the warehouses
in the Warehouse Excellence group are not normally distributed.

The System-CIP and Point-CIP assessment results for each ware-
house in the control group were then tested to identify the distribu-
tion of the data. The hypotheses Hy and H; were also applied for
this test.

Table 6.6 shows the results of the testing of the System-CIP and
Point-CIP assessment of the control group warehouses. Each line
represents the results of one warehouse. CoGr indicates that the
warehouse is from the control group. The range C1 to C56 represents
the 56 warehouses in the control group. The 10 and 11 represents
the time frame when the data was collected. The warehouses C9,
C11, and C13 to C26 did not reach any maturity level and did not
make any progress during the course of the project. They are not
identified separately because no distribution exists. Interpreting the
data leads to the fact that Hy can be rejected with a similar high
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Shapiro-Wilk

Stati- Signi-

stic | df | ficance
WaEx 10 & 11 S+P W1 ,680| 38 ,000]
[WaEx 10 & 11 S+P W2 ,869| 38 ,000)
WaEx 10 & 11 S+P W3 ,767| 38 ,000]
WaEx 10 & 11 S+P W4 ,794| 38 ,000]
WaEx 10 & 11 S+P W5 ,771| 38 ,000]
[WaEx 10 & 11 S+P W6 ,853| 38 ,000
WaEx 10 & 11 S+P W7 ,822| 38 ,000]
[WaEx 10 & 11 S+P W8 ,723| 38 ,000)
[WaEx 10 & 11 S+P W9 ,825| 38 ,000]

[WaEx 10 & 11 S+P W10 ,785| 38 ,000
[WaEx 10 & 11 S+P W11 ,856| 38 ,000)
[WaEx 10 & 11 S+P W12 ,729| 38 ,000
[WaEx 10 & 11 S+P W13 ,813| 38 ,000)
[WaEx 10 & 11 S+P W14 ,684/ 38 ,000
[WaEx 10 & 11 S+P W15 ,825| 38 ,000)
[WaEx 10 & 11 S+P W16 ,770| 38 ,000

Table 6.5: Shapiro-Wilk test for the System-CIP and Point-CIP as-
sessment results of the warehouses in the Warehouse Ex-
cellence group
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6 Analyzing the Lean Impact

Table 6.6: Shapirot-Wilk test for the assessment

78

Shapiro-Wilk Shapiro-Wilk
Stati- Signi- Stati- Signi-

stic_| df |ficance stic_| df [ficance
CoGr10& 11 C1 ,810] 38 ,000|CoGr 10 & 11 C37| ,737| 38 ,000
CoGr 10 & 11 C2 ,436| 38 ,000|CoGr 10 & 11 C38| ,803| 38 ,000
CoGr10& 11 C3 ,622(38| ,000|CoGr 10 & 11 C39| ,763| 38 ,000]
CoGr 10 & 11 C4 ,861| 38 ,000|CoGr 10 & 11 C40| ,701| 38 ,000
CoGr10 & 11 C5 ,819(38| ,000|CoGr 10 & 11 C41| ,750| 38 ,000]
CoGr 10 & 11 C6 ,742| 38 ,000|CoGr 10 & 11 C42| ,731| 38 ,000
CoGr10& 11 C7 ,667/38/ ,000|CoGr 10 & 11 C43| ,752| 38 ,000]
CoGr 10 & 11 C8 ,522| 38 ,000|CoGr 10 & 11 C44| ,751| 38 ,000
CoGr 10 & 11 C10 | ,516|38| ,000|CoGr 10 & 11 C45| ,701|38| ,000
CoGr 10 & 11 C12 | ,468|38 ,000]CoGr 10 & 11 C46| ,509| 38 ,000
CoGr 10 & 11 C27 | ,680|38| ,000|CoGr 10 & 11 C47| ,663(38| ,000
CoGr 10 & 11 C28 | ,574|38 ,000|CoGr 10 & 11 C48| ,787| 38 ,000
CoGr 10 & 11 C29 | ,515|38| ,000|CoGr 10 & 11 C49| ,720(38| ,000
CoGr 10 & 11 C30 | ,684|38 ,000|CoGr 10 & 11 C50| ,152| 38 ,000
CoGr 10 & 11 C31 | ,404|{38| ,000|CoGr 10 & 11 C51| ,836(38| ,000
CoGr 10 & 11 C32 | ,500( 38 ,000|CoGr 10 & 11 C52| ,152| 38 ,000
CoGr10& 11 C33 | ,780[38| ,000|CoGr 10 & 11 C53| ,498(38| ,000
CoGr 10 & 11 C34 | ,665| 38 ,000|CoGr 10 & 11 C54| ,325| 38 ,000
CoGr10& 11 C35 | ,471|38| ,000|CoGr 10 & 11 C55| ,826(38| ,000
CoGr 10 & 11 C36 | ,748|38 ,000[CoGr 10 & 11 C56| ,599| 38 ,000

trol group

results of the con-



6.2 Analysis of Lean Maturity Development

significance and the assumption can be made that the lean maturity
results are not normally distributed.

The result of the Shapiro-Wilk test shows that the data sets of
WaEx, WaEx S+P, and CoGr respectively are not normally dis-
tributed. This needed to be known before choosing the right test
(parametric or non-parametric two sample test) to analyze if the
taken measures of the Warehouse Excellence project did have an
impact on the maturity level of the participating warehouses.

Inferential Analysis - Wilcoxon Signed-Rank Test for the
Warehouse Excellence Group

We know now with a high significance level that the distribution
of the maturity development of the warehouses is not normally dis-
tributed. This means non-parametric hypothesis tests will help us
to determine if the development of the assessment results of each
warehouse from 2010 to 2011 is random or not. To determine which
non-parametric test has to be chosen, we also need to know if the
data set from 2010 and the data set from 2011 is dependent on or
independent from each other.

Brosius (2011, p. 888) mentions that samples are dependent if there
is a before and after comparison which is this case here. For this
reason, the non-parametric two-sample dependency test that was
chosen in chapter 6.1.2 will be used. The following hypotheses have
been defined for the Wilcoxon Signed-Rank test:

Hy: The samples n1 and n2 are from the same population -> “The
warehouse did not improve their lean maturity”

H;: The samples n1 and n2 are not from the same population ->
“The warehouse did improve their lean maturity”
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6 Analyzing the Lean Impact

The sample nl is the data set from the assessment results for the
year 2010. The sample n2 is from the assessment results for the year
2011.

Table 6.7 shows the ranking table of the Wilcoxon Signed-Rank test
total assessment results for each warehouse in the Warehouse Excel-
lence group. In this analysis, the results obtained from the begin-
ning of the project were compared with the results obtained at the
end of the project. A negative ranking means that the warehouse
had a negative development in an assessment component. A posi-
tive ranking means that development in a component was positive.
Similarly, a tie means there has been no change in the specific com-
ponent. Seventy components were considered in total. However, the
warehouses had an overall negative ranking in 1.4% of the cases. In
57.3% of the cases, there were ties and there was a positive ranking
in 41.3% of the cases. All warehouses had more positive rankings
than negative ones. This means that the taken measures, during
the Warehouse Excellence project, could be seen as a positive lean
maturity development.

Table 6.8 shows the test statistics for the Wilcoxon Signed-Rank test.
Each box represents the before and after comparison in a particular
warehouse. 15 of the 16 warehouses shows with high significance
and one warehouse with significance that Hy can be rejected. This
means that it can be assumed that there is a significant difference
between the samples. In other words, the results from the year
2010 are so different from the year 2011 that it cannot be random.
This indicates an overall high significance that the taken measures
from the Warehouse Excellence project influenced the warehouses
and could be seen by the assessments results.

Analogous to the Wilcoxon Signed-Rank test, the analysis was con-
ducted with the data set from the System-CIP and Point-CIP as-
sessment results of the Warehouse Excellence group.

Table 6.9 shows the ranking table of the Wilcoxon Signed-Rank test
for the assessment results of the System-CIP and Point-CIP results
of the Warehouse Excellence group. The warehouses show negative
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6.2 Analysis of Lean Maturity Development

N Mean | Sum of N Mean [ Sum of
Rank | Ranks Rank | Ranks

‘WaEx W1 2011 - Negative 0 0.00 0.00|WaEx W9 2011 - Negative 4Y 2163 86.50
WaEx W1 2010 Ranks WaEx W9 2010 Ranks

Positive 33" 17.00( 561.00 Positive 367 20.38( 733.50

Ranks Ranks

Ties 37° Ties 30*

Total 70 Total 70
WaEx W2 2011 - Negative 19 35.50 35.50|WaEx W10 2011 - Negative 3% 12.33 37.00
WaEx W2 2010 Ranks WaEx W10 2010 Ranks

Positive 36° 18.54 667.50 Positive 24% 14.21 341.00

Ranks Ranks

Ties 33 Ties 43

Total 70 Total 70
WaEx W3 2011 - Negative 29 14.75 29.50|WaEx W11 2011 - Negative 3% 11.83 35.50
WaEx W3 2010 Ranks WaEx W11 2010 Ranks

Positive 19" 10.61 201.50 Positive 20 12.03[ 240.50

Ranks Ranks

Ties 49' Ties 46%

Total 70 Total 69
WaEx W4 2011 - Negative 1 11.00 11.00|WaEx W12 2011 - Negative 13 6.50 6.50
WaEx W4 2010 Ranks WaEx W12 2010 Ranks

Positive 41 21.76| 892.00 Positive 19% 10.71 203.50

Ranks Ranks

Ties 28" Ties 509

Total 70 Total 70
‘WaEx W5 2011 - Negative [ 0.00 0.00|WaEx W13 2011 - Negative 0% 0.00 0.00
WaEx W5 2010 Ranks WaEx W13 2010 Ranks

Positive 34" 17.50 595.00 Positive 317 16.00( 496.00

Ranks Ranks

Ties 36° Ties 397

Total 70 Total 70
‘WaEx W6 2011 - Negative 17 21.50 21.50|WaEx W14 2011 - Negative [ 0.00 0.00
WaEx W6 2010 Ranks WaEx W14 2010 Ranks

Positive 32¢ 16.86 539.50 Positive 19% 10.00( 190.00

Ranks Ranks

Ties 37" Ties 51%

Total 70 Total 70
‘WaEx W7 2011 - Negative 0° 0.00 0.00|WaEx W15 2011 - Negative 0™ 0.00 0.00
WaEx W7 2010 Ranks WaEx W15 2010 Ranks

Positive 27t 14.00( 378.00 Positive 28" 14.50| 406.00|

Ranks Ranks

Ties 43" Ties 42

Total 70 Total 70
‘WaEx W8 2011 - Negative [ 0.00 0.00|WaEx W16 2011 - Negative 0% 0.00 0.00
WaEx W8 2010 Ranks WaEx W16 2010 Ranks

Positive 24" 12.50( 300.00 Positive 38% 19.50| 741.00

Ranks Ranks

Ties 46" Ties 32

Total 70 Total 70
a. WaEx W1 2011 < WaEx W1 2010 at. WaEx W16 2011 < WaEx W16 2010
b. WaExW1 2011 > WaEx W1 2010 [ N ] au. WaExW16 2011 > WaEx W16 2010
c. WaExW1 2011 = WaExW1 2010 between "d"and av. WaExW16 2011 = WaEx W16 2010

"as" similar

Table 6.7: Wilcoxon Rank table for the assessment results of the
warehouses in the Warehouse Excellence group
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Test Statistics®

WaEx W1 2011 -
WaEx W1 2010

WaEx W2 2011 -
WaEx W2 2010

WaEx W3 2011 -
WaEx W3 2010

WaEx W4 2011 -
WaEx W4 2010

z
Asymp. Sig. (2-tailed)

-5,232°
.000

-4,899°
.000

-3,236"

001

-5,610"
.000

WaEx W5 2011 -
WaEx W5 2010

WaEx W6 2011 -
WaEx W6 2010

WaEx W7 2011 -
WaEx W7 2010

WaEx W8 2011 -
WaEx W8 2010

z
Asymp. Sig. (2-tailed)

-5,157°
.000

-4,710°
.000

-4,724°
.000

-4,485"
.000

WaEx W9 2011 -
WaEx W9 2010

WaEx W10 2011 -
WaEx W10 2010

WaEx W11 2011
WaEx W11 2010

WaEx W12 2011
WaEx W12 2010

z
Asymp. Sig. (2-tailed)

-4,396°
.000

-3,754°
.000

-3,171°
002

-3,780"
.000

WaEx W13 2011 -
WaEx W13 2010

WaEx W14 2011 -
WaEx W14 2010

WaEx W15 2011
WaEx W15 2010

WaEx W16 2011
WaEx W16 2010

4

Asymp. Sig. (2-tailed)

-4,944°

.000

-4,014°
.000

-4,671°
.000

-5,443"
.000

a. Wilcoxon Test

yzing the Lean Impact

6 Anal

b. Based on negative ranks.

Table 6.8: Wilcoxon test statistics for the assessment results of the warehouses in the Warehouse
Excellence group
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6.2 Analysis of Lean Maturity Development

Mean [ Sum of| Mean [ Sum of|
N | Rank| Ranks N | Rank| Ranks
WaExW1 2011 S+P - Negative Ranks | 0% 0.00 0.00JWaExW9 2011 S+P - Negative Ranks o'l 0.00 0.00]
[WaEx W1 2010 S+P WaEx W9 2010 S+P
Positive Ranks | 16°| 8.50( 136.00] Positive Ranks | 157?| 8.00| 120.00]
Ties 3¢ Ties 4%
Total 19 Total 19
WaExW2 2011 S+P - Negative Ranks | oY 0.00 0.00jWaExW10 2011 S+P - Negative Ranks | 0*| 0.00 0.00]
[WaEx W2 2010 S+P WaEx W10 2010 S+P
Positive Ranks | 15°| 8.00| 120.00] Positive Ranks | 14%| 7.50| 105.00]
Ties 4] Ties 5|
Total 19 Total 19
WaExW3 2011 S+P - Negative Ranks | o9 0.00 0.00WaEx W11 2011 S+P - Negative Ranks | 3%*| 6.33 19.00|
[WaEx W3 2010 S+P WaEx W11 2010 S+P
Positive Ranks 9" 5.00| 45.00 Positive Ranks 7% 5.14| 36.00]
Ties 10 Ties 9%
Total 19 Total 19
[WaEx W4 2011 S+P - Negative Ranks | ¢/[ 0.00 0.00WaEx W12 2011 S+P - Negative Ranks | 0| 0.00 0.00
[WaEx W4 2010 S+P WaEx W12 2010 S+P
Positive Ranks | 154 8.00( 120.00] Positive Ranks | 14%| 7.50| 105.00]
Ties 4 Ties 59
Total 19 Total 19
[WaEx W5 2011 S+P - Negative Ranks | o™ 0.00 0.00JWaEx W13 2011 S+P - Negative Ranks | 0*{ 0.00 0.00]
[WaEx W5 2010 S+P WaEx W13 2010 S+P
Positive Ranks | 17"| 9.00( 153.00 Positive Ranks | 15%| 8.00( 120.00
Ties 2° Ties 47
Total 19 Total 19
WaExW6 2011 S+P - Negative Ranks | o°| 0.00 0.00jWaEx W14 2011 S+P - Negative Ranks | 0| 0.00 0.00]
[WaEx W6 2010 S+P WaEx W14 2010 S+P
Positive Ranks ]12% 6.50( 78.00| Positive Ranks | 7% 4.00| 28.00
Ties 7" Ties 12%)
Total 19 Total 19
[WaExW7 2011 S+P - Negative Ranks | 0% 0.00 0.00JWaEx W15 2011 S+P - Negative Ranks | 0*| 0.00 0.00]
[WaEx W7 2010 S+P WaEx W15 2010 S+P
Positive Ranks | 12| 6.50| 78.00] Positive Ranks | 13¥| 7.00| 91.00]
Ties 7Y Ties 6%
Total 19 Total 19
[WaExW8 2011 S+P - Negative Ranks | ('] 0.00 0.00JWaExW16 2011 S+P - Negative Ranks | 0% 0.00 0.00]
[WaEx W8 2010 S+P WaEx W16 2010 S+P
Positive Ranks 14" 7.50| 105.00] Positive Ranks | 17| 9.00| 153.00]
Ties 5% Ties 2%
Total 19 Total 19
a. WaEx W1 2011 < WaEx W1 2010 LN ] at. WaExW16 2011 < WaExW16 2010
b. WaExW1 2011 > WaEx W1 2010 between "d"and au. WaEx W16 2011 > WaEx W16 2010

c. WaExW1 2011 = WaEx W1 2010

"as" similar

av. WaEx W16 2011 = WaEx W16 2010

Table 6.9: Wilcoxon Rank table for the assessment results for the
System-CIP and Point-CIP of the warehouses in the
Warehouse Excellence group
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6 Analyzing the Lean Impact

rankings in 1% of the cases, positive rankings in 69.7 % of the cases,
and a tie in 29.3% of the cases. Similar to the earlier results, a pos-
itive trend is shown for the taken measures that were implemented
during the Warehouse Excellence project. The higher positive trend
compared to the results of the test that was done before with the
data set of the total assessment underlines the focus of the project:
the implementation of a systematic and analytical continuous im-
provement cycle with the System-CIP and Point-CIP approach.

Table 6.10 shows the test statistics of the Wilcoxon-Signed-Rank
test for the assessment results of the System-CIP and Point-CIP
results of the Warehouse Excellence group. In 11 warehouses, there
is with a high significance level that Hy can be rejected. In four
warehouses, the results were very significant and in one warehouse
the significance level of 0.374 is too low to reject Hy. The reason
for the less strong significance level, compared to the first Wilcoxon-
Signed-Rank test statistics, is that the sample size is smaller. Single
negative cases have a stronger effect on the results because the lower
total amount of ties does not absorb the single negative impact. In
turn, the other results are very strong despite the small sample size.

Inferential Analysis - Wilcoxon Signed-Rank test for the Control
Group

In order to evaluate the results of the Wilcoxon Signed-Rank test
for the Warehouse Excellence group, we also analyzed each ware-
house in the control group. Tables 6.11 and 6.12 give the ranking
tables of the Wilcoxon-Signed-Rank test for the assessment results
of the System-CIP and Point-CIP components of the control group.
The warehouses had negative rankings in 9.3% of the cases, positive
rankings in 18.9% of the cases, and ties in 71.8% of the cases. This
represents a moderately positive trend.

Seventeen warehouses have ties in all components. This indicates
that the issue was not totally addressed in the warehouses. Exclud-
ing the warehouses with the 19 ties, the results are also moderately
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6.2 Analysis of Lean Maturity Development

dnoi3 9ouL[[edX7] ISNOYDIBAN 91} Ul SISNOYaIeM 31} JO

JID-uIog pue JID-We)SAS o1} I0J SHNSOI JUSWSSISSE 91} 0] SOIISIIRIS 1893 UOXOI[IA 0T'9 9[q®],

syuel aApebau uo pasegq ‘q

1S81-UOX0J|IMN\ "B

000’
,£99'€-

T00°
SETE-

vI0
95V'2-

000’
oTOS'E-

(palre-g) ‘bis "dwhsy
Z

d+S 0T0Z 9TM XIeM
- d+S TT0C 9TM XIeM

d+S 0T0C STM X3eM
- d+S 1T0¢ STMXIeM

d+S 0T0C YTMX3eM
- d+S 1T0¢ YTMX3eM

d+S 0T0Z ETM XIeM
- d+S TT0C ETM X3

T00'
0L€E-

(753
,068"-

T00°
(09E'E-

100’
BYV'E-

(pajrer-z) ‘bis "dwAsy
Z|

d+S 0T0C ¢TM XJeM
- d+S TT0C CTMX3eM

d+S 0T0C TTM XJeMm
- d+S 1T0C TTMX3eM

d+S 0T0C OTM XJeMm
- d+S 1T0C OTM X3eM

d+S 0T0Z 6M X3
- d+S TT0Z 6M X38MW

T00'
L LOv'E-

200°
92T E-

200°
STT'E-

000’
4099'€-

(palrer-z) ‘BIS "dwAsy
Z|

d+S 0T0C 8MX3em
- d+S TT0Z 8\ X3eM

d+S 0T0C ZMX3em
- d+S 1102 LM X3eM

d+S 0T0Z 9MXIem
- d+S TT0Z 9M XIeM

d+S 0T0Z SMX3eM
- d+S TT0Z SM XJeM

T00'
Lovv'e-

S00°
L0182

000°
SES'E-

000’
4959'E-

(pajrel-2) ‘biS "dwAsy
Z|

d+S 0T0Z YM X3em

- d+S TT0C YM XJeM

d+S 0102 EMXIeM

- d+S TT0C EM XIBM

d+S 0T0C ZMX3eM

- d+S TT0¢ M XJeM

d+S 0T0Z TMX3eM|

- d+S TT0¢ TM XJ8MW

LSOnsieIs 1501

85



6 Analyzing the Lean Impact

Mean | Sum of Mean | Sum of] Mean [ Sum of
N_|Rank | Ranks N_| Rank| Ranks N_| Rank| Ranks
[CoGr2011C1-  Negative 5% 6,20] 31,00|CoGr 2011 C11- Negative | 0-| 0,00] [CoGr2011 C21 - Negative| 0| 0,00 0,00)

0
[CoGr2010C1  Ranks CoGr2010 11 Ranks CoGr 2010 C21 Ranks

Positive 7| 71| 47,00 positve | 0| 0,00 0,00] positve | o%| 000| 000

Ranks Ranks Ranks

Ties 7 Ties 19%] Ties 19%

Total 19| Total 19) Total 19
CoGr2011C2-  Negative 4%| 250| 10,00|CoGr 2011 C12 - Negative | 1%¢| 350 3,50|CoGr 2011 C22 - Negative | o*| 0,00 0,00]
CoGr2010C2  Ranks CoGr 2010 C12 Ranks CoGr 2010 C22 Ranks

Positive 0™ 0,00 0,00 Positive 3% 217 6,50 Positive 04| 0,00 0,00]

Ranks Ranks Ranks

Ties 15"] Ties 157 Ties 199

Total 19| Total 19) Total 19
CoGr2011C3 - Negative 2%| 500 10,00JCoGr 2011 C13 - Negative | 09| 000| 000|CoGr2011 C23 - Negative | 0% 0,00 0,00]
[CoGr 2010 C3 Ranks [CoGr 2010 C13 Ranks [CoGr 2010 C23 Ranks

Positive 6| 433 2600 positve | o 0,00 000] positve | o¢| 000| 000

Ranks Ranks Ranks

Ties 11% Ties 19° Ties | 197

Total 19| Total 19) Total 19
(CoGr2011C4-  Negative 1| 450 450fCoGr2011C14-Negative | o 000| 000|CoGr2011 C24 - Negative | o*| 0,00/ 0,00
[CoGr 2010 C4 Ranks [CoGr 2010 C14 Ranks [CoGr 2010 C24 Ranks

Positive 15%| 8,77|131,50 positive | 0% 000 0,00 positve | o®| 000| 000

Ranks Ranks Ranks

Ties 3| Ties 199 Ties 19%|

Total 19 Total 19 Total 19
[CoGr2011C5- Negative 3% 6,17 18,50|CoGr 2011 C15 - Negative | 0°"| 0,00 0,00JCoGr 2011 C25 - Negative | 0%| 0,00 0,00]
CoGr2010C5  Ranks CoGr 2010 C15 Ranks CoGr2010 25 Ranks

Positive 16%[10,72 171,50 positve | o 0,00 0,00] positve | o*| 000| 000

Ranks Ranks Ranks

Ties o Ties 19%) Ties 19%]

Total 19 Total 19 Total 19
CoGr2011C6 - Negative 24| 475 9,50[coGr2011C16 - Negative | 0| 000 000|CoGr2011 C26 - Negative | % 0,00/ 0,00)
CoGr2010C6  Ranks CoGr2010C16  Ranks CoGr 2010 C26  Ranks

Positive 6| 4.42| 2650 positive | 0| 0,00 0,00] positve | o%| 000| 000

Ranks Ranks Ranks

Ties 11| Ties 197 Ties 19%|

Total 19| Total 19) Total 19
CoGr2011C7-  Negative 0% 000| 000|CoGr2011C17 - Negative | 0| 000| 000|CoGr 2011 C27 - Negative | g*| 4,63| 37,00
CoGr2010C7  Ranks CoGr 2010 C17 Ranks CoGr 2010 C27 Ranks

Positive 0™[ 0,00 0,00 Positive 0%| 0,00 0,00 Positive 1% 8,00 8,00

Ranks Ranks Ranks

Ties 19| Ties 199 Ties 109

Total 19| Total 19) Total 19
CoGr2011C8 - Negative 1%| 350| 350|CoGr2011 C18 - Negative | o 000 000[coGr 2011 C28 - Negative| 5| 380| 19,00
[CoGr 2010 C8 Ranks [CoGr 2010 C18 Ranks [CoGr 2010 C28 Ranks

Positive 47| 2:88| 1150 positive | 0| 000 0,00 positve | 17| 200|200

Ranks Ranks Ranks

Ties 14 Ties 19| Ties 13%)

Total 19| Total 19) Total 19
(CoGr2011C9-  Negative o* 000| 000JCoGr2011C19-Negative| 07| 000| 000JCoGr2011 C29 - Negative | 4% 3.38| 1350
[CoGr 2010 C9 Ranks [CoGr 2010 C19 Ranks [CoGr 2010 C29 Ranks

Positive o*| 000| 0,00 positive | 0%| 000 0,00 Positive | 1 150| 150

Ranks Ranks Ranks

Ties 19" Ties 19%| Ties 14%]

Total 19 Total 19 Total 19
[CoGr 2011 C10 - Negative o™ 0,00 0,00JCoGr 2011 C20 - Negative | 0| 0,00 0,00JCoGr 2011 C30 - Negative 14 1,00 1,00|
CoGr2010C10  Ranks CoGr 2010 C20 Ranks CoGr2010 C30 Ranks

Positive 9”| 5.00| 4500 positve | o%| 000 0,00 positve | 0| 000 0,00

Ranks Ranks Ranks

Ties 10%] Ties 19%| Ties 18]

Total 19 Total 19 Total 19
aw. CoGr 2011 C1 < CoGr 2010 C1, YY) e, CoGr 2011 C30 < CoGr 2010 C30
ax CoGr 2011 C1 > CoGr 2010 C1 between "aw" and eg. CoGr 2011 C30 > CoGr 2010 C30
ay. CoGr 2011 C1 = CoGr 2010 C1 eh" similar eh. CoGr 2011 C30 = CoGr 2010 C30

Table 6.11: Wilcoxon Rank table for the assessment results for the
System-CIP and Point-CIP of the warehouses C1-C30 in
the control group
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6.2 Analysis of Lean Maturity Development

N [ Mean | Sumof N [ Mean | Sum of N[ Mean | Sumof
Rank | Ranks Rank | Ranks
(CoG 2011 G31-_ Negative T| 400 400[Co 2011CA0-  Negative 2] 500]  1000[CoGr2011CA9-  Negative
CoG2010C31  Ranks CoG2010C40  Ranks CoGr 2010049 Ranks
Positive o 21| 1100 Positive 7 500  3500) Positive 6| 500 3000
Ranks Ranks Ranks
Ties 1474 Ties 10 Ties 10
Total 19) Total 19) Total 19]
CoGr2011C32- Negative | 333 1000/CoGr2011CAL-  Negative 37 267  800|CoGr2011C50-  Negative o o000l 009
CoG2010C32  Ranks CoGr2010C41  Ranks CoGr2010C50  Ranks
Positive 3| 367 1100) Positive 37 433 1300 Positive 1 100 100
Ranks Ranks Ranks
Ties 131 Ties 13 Ties 16|
Total 19) Total 19) Total 19]
CoGr2011C33-  Negative go| 690 3e50[coer2011caz-  Negative 19| 550  s50jcocr2011C51-  Negative | s00| 2400
CoGr 2010 C33 CoGr2010C42  Ranks CoGr2010C51  Ranks
7 e21| aasof Positive 7 438 3050 Positive. 19| 873 96.00)
Ranks Ranks
74 Ties 11'] Ties re
19) Total 19) Total 19)
CoG 2011 C34 - of| 000  000jcoGr2011C43-  Negative o 000] ooofcomrao1cs2-  Negative 0| ooo| 0o
CoGr 2010 C34 CoGr2010C43  Ranks Cocr2010C52  Ranks
8% 450l 3600 Positive 7400|2800 Positive 100 100
Ranks Ranks
11 Ties 12 Ties 187
19) Total 19) Total 19)
CoGr 2011 C35 - 0*| o000|  000[coGr2011Ca4-  Negative 3| 250  750|coGr2011C53-  Negative | 250 1000
CoGr 2010 C35 CoG2010C44  Ranks CoG2010C53  Ranks
1| 100|100 Positive. g 731 s850) Positive 0| 000 000
Ranks Ranks
18| Ties 8| Ties 591
19) Total 19) Total 19)
CoG 2011 C36 - 57 590 2950[CoGr2011Ca5-  Negative P 350 1050/coGr2011CEa-  Negative o7 o000l 00
CoGr 2010 C36 CoGr2010C45  Ranks CoGr2010C54  Ranks
s 510 2550] Positive st| 510 2550 Positive 2% 250]  1000)
Ranks Ranks
o Ties 1% Ties 15"
19) Total 19) Total 19)
CoGr2011C37- Negaive 1% 400  400|CoGr2011C46-  Negative st 370  1850[CoGr2011Cs5-  Negative 37 400 1200
CoG2010C37  Ranks CoG2010C46  Ranks CoGr2010C55  Ranks
Positive 7 457 3200 Positive 1% 250[ 250 Positive o 733 6600
Ranks Ranks Ranks
Ties 11 Ties. 13| Ties 7
Total 19) Total 19) Total 19]
CoGr2011C38-  Negative 69 367 2200[coGr2011Ca7-  Negative 7| ss7|  3900fcoar2011Cs6-  Negative 2| 300 600
CoGr2010C38  Ranks CoGr2010C47  Ranks CoGr2010C56  Ranks
Positive 1¢| 600 609 Positive 2| 300 600] Positive 6% 500 3000
Ranks Ranks Ranks
Ties 12| Ties 107 Ties 11"
Total 19) Total 19) Total 19)
CoGr 2011C39-  Negative 09| 000  0.00[{CoGr2011C48-  Negative 1 200] 200
CoG2010C39  Ranks CoGr2010C48  Ranks
Positive 8" 450[  36.00) Positive 10°)  6.40|  64.00f
Ranks Ranks
Ties 11 Ties o
Total 19) Total 19)
ei. CoGr 2011 C31 < CoGr 2010 C31 YY) hf.CoGr 2011 C56 < CoGr 2010 €56
€], CoGr 2011 C31 > CoGr 2010 C31 between "aw" and hg. CoGr 2011 C56 > CoGr 2010 C56
ek CoGr 2011 C31 = CoGr 2010 €31 b cimilar hh. CoGr 2011 C56 = CoGr 2010 C56

Table 6.12: Wilcoxon Rank table for the assessment results for the
System-CIP and Point-CIP of the warehouses C31-C56
in the control group

87



6 Analyzing the Lean Impact

positive: 13.4% of the cases have a negative ranking, 27.1% of the
cases show a positive trend, and 59.55% of the rankings were ties.

Tables 6.13 and 6.14 show the test statistics for the Wilcoxon-Signed-
Rank test for the assessment results of the System-CIP and Point-
CIP results of the control group. Hy can be rejected

e with a high significance level for one warehouse,
e with a very significance level for five warehouses,
e with significance for six warehouses and

e with a low significance level for nine warehouses.

In other words, it can be assumed, that in 21 warehouses, with
minimum low significance level, the warehouses did improve their
lean maturity. In the case of the other 35 warehouse, Hy cannot be
rejected and this indicates that these warehouses did not improve
their lean maturity significant.

Summarized for the control group this means that just 37.5% of the
warehouses did improve their lean maturity with a minimum low
significance level. Compared to the Warehouse Excellence group,
in which 93.75% of the warehouses showed with minimum a very
significance level an improvement, this means that the control group
improved absolute and relative much less.

6.2.2 The Warehouse Excellence Group versus the
Control Group

In earlier sections, we analyzed the development of the Warehouse
Excellence group. We also compared the test statistics results of
the Warehouse Excellence group with the control group. In this
section we will describe the direct comparison of the assessment
results of the Warehouse Excellence group with the control group.
This will be done first with the entire control group of 56 warehouses,
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Test Statistics™

CoGr 2011 C1 - CoGr 2011 C2 - CoGr 2011 C3 - CoGr 2011 C4 -
CoGr 2010 C1 CoGr 2010 C2 CoGr 2010 C3 CoGr 2010 C4

z -644" -1,841° -1,140") -3,337']

Asymp. Sig. (2-tailed) 519 .066 254 .001]
CoGr 2011 C5 - CoGr 2011 C6 - CoGr 2011 C7 - CoGr 2011 C8 -
CoGr 2010 C5 CoGr 2010 C6 CoGr 2010 C7 CoGr 2010 C8

z 3,111 -1,199") ,000°] 1,131

Asymp. Sig. (2-tailed) .002 .230] 1.000 .258
CoGr 2011 C9 - CoGr 2011 C10-  |CoGr 2011C11-  |CoGr 2011 C12 -
CoGr 2010 C9 CoGr 2010 C10 CoGr 2010 C11 CoGr 2010 C12

z ,000° -2,751° ,000°] -552

Asymp. Sig. (2-tailed) 1.000 .006 1.000 581
CoGr 2011 C13-  |CoGr2011Cl4-  |CoGr2011C15-  |CoGr 2011 C16 -
CoGr 2010 C13 CoGr 2010 C14 CoGr 2010 C15 CoGr 2010 C16

z ,000° ,000°] ,000°] ,000°]

Asymp. Sig. (2-tailed) 1.000 1.000 1.000 1.000)
CoGr2011C17-  [CoGr2011C18-  |CoGr2011C19-  [CoGr2011C20-
CoGr 2010 C17 CoGr 2010 C18 CoGr 2010 C19 CoGr 2010 C20

z ,000¢ 1000 ,000°] ,000°}

Asymp. Sig. (2-tailed) 1.000 1.000] 1.000] 1.000
CoGr2011C21-  |CoGr2011C22-  |CoGr2011C23- |CoGr 2011 C24 -
CoGr 2010 C21 CoGr 2010 C22 CoGr 2010 C23 CoGr 2010 C24

z ,000¢ 1000 ,000°] ,000°}

Asymp. Sig. (2-tailed) 1.000 1.000] 1.000] 1.000
CoGr2011C25-  |CoGr2011C26-  |CoGr 2011C27-  |CoGr 2011 C28 -
CoGr 2010 C25 CoGr 2010 C26 CoGr 2010 C27 CoGr 2010 C28

z ,000¢ 1000 -1,780° -1,807°

Asymp. Sig. (2-tailed) 1.000 1.000] .075 071

a. Wilcoxon Test

b. Based on negative ranks.
b. Based on positive ranks.
d. The sum of the negative ranks is equal the sum of the positive ranks

Table 6.13: Wilcoxon test statistics for the assessment results for the
System-CIP and Point-CIP of the warehouses C1-C28 in
the control group
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Test Statistics®

CoGr2011C29-  [CoGr2011C30-  [CoGr2011C31-  [CoGr2011C32-
CoGr 2010 C29 CoGr 2010 C30 CoGr 2010 C31 CoGr 2010 C32

z -1,633° -1,000° -966") -105")

Asymp. Sig. (2-tailed) 102 317 334 916
CoGr2011C33-  [CoGr2011C34-  [CoGr2011C35-  [CoGr 2011 C36 -
CoGr 2010 C33 CoGr 2010 C34 CoGr 2010 C35 CoGr 2010 C36

z -,365") -2,636" -1,000° -,2079

Asymp. Sig. (2-tailed) 715 .008 317 .836)
CoGr2011C37-  [CoGr2011C38-  [CoGr2011C39-  [CoGr 2011 C40 -
CoGr 2010 C37 CoGr 2010 C38 CoGr 2010 C39 CoGr 2010 C40

z -2,111") -1,364° -2,588" -1,667"

Asymp. Sig. (2-tailed) 035 172 .010] .096
CoGr2011C41-  [CoGr2011C42-  [CoGr2011C43-  [CoGr2011C44 -
CoGr 2010 C41 CoGr 2010 C42 CoGr 2010 C43 CoGr 2010 C44

z -539") -1,781° -2,401° -2,303"

Asymp. Sig. (2-tailed) 590 075 016 021
CoGr2011C45-  [CoGr2011C46-  [CoGr 2011 C47-  [CoGr 2011 C48 -
CoGr 2010 C45 CoGr 2010 C46 CoGr 2010 C47 CoGr 2010 C48

z -1,100") -1,725° -1,997° -2,791"

Asymp. Sig. (2-tailed) 271 .084 .046 .005]
CoGr2011C49-  [CoGr2011C50-  [CoGr2011C51-  [CoGr 2011 C52 -
CoGr 2010 C49 CoGr 2010 C50 CoGr 2010 C51 CoGr 2010 C52

z -917") -1,000° -2,078° -1,000"

Asymp. Sig. (2-tailed) 359 317 .038 .317|
CoGr 2011 C53-  [CoGr2011C54-  [CoGr2011C55-  [CoGr 2011 C56 -
CoGr 2010 C53 CoGr 2010 C54 CoGr 2010 C55 CoGr 2010 C56

z -1,890° -1,841") -2,144° -1,725"

Asymp. Sig. (2-tailed) 059 .066 .032 .084

a. Wilcoxon Test

b. Based on negative ranks.

b. Based on positive ranks.

d. The sum of the negative ranks is equal the sum of the positive ranks

Table 6.14: Wilcoxon test statistics for the assessment results for the
System-CIP and Point-CIP of the warehouses C29-C56
in the control group
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6.2 Analysis of Lean Maturity Development

then with the 18 warehouses in the control group that have detailed
performance indicators, and finally with the 38 warehouses that do
not yet implement performance indicators.

Warehouse Excellence Group versus Control Group (56)

Figure 6.5 reflects the accumulated System-CIP and Point-CIP as-
sessment results of the Warehouse Excellence group in comparison
with the control group before the start of the project. Both groups
had similar maturity levels. The biggest deviations are in the fol-
lowing areas: Point-CIP with a 0.5 point difference, VSM-Quality
with a 0.7 point difference, Sustainable Problem Solving with a 0.6
point difference, and Quality of Problem Solving with a 1.0 point
difference. However, the total average score of the control group is
8.6 points and the average total score of the Warehouse Excellence
group is 9.2 points. The difference of 0.6 points shows that both
groups had similar maturity levels at the beginning of the project
because 0.6 points represents 6.5% of the total average score of the
Warehouse Excellence group.

However, compared to this development, the gap between the Ware-
house Excellence group and the control group is distinctly higher
in 2011. Figure 6.6 shows this gap, especially in the Quick Reac-
tion System component which has a difference of 2.0 points and the
Improvement Focus, Leadership Involvement, and Regular Commu-
nication components which each have a 1.7 point difference. The
total score of the Warehouse Excellence group is 32.8 points. The
control group has a total score of 12.8 points. This means that
a development is recognizable but since it is 20 points lower than
the Warehouse Excellence group it is clearly less developed in lean
techniques.

Table 6.15 summarizes the comparison of the results of the Ware-
house Excellence group and the control group as discussed above.
The coefficient of variation has also been listed. Both groups had
very similar figures in 2010 but in the year 2011 the Warehouse Ex-
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6 Analyzing the Lean Impact

Comparsion of the WaEx Group and the Control Group in 2010

1.1 System-CIP 1.2 Point-CIP

Business requirements Target condition

Value Stream planning Quick reaction system

Identification of improvement... "

Regular communication
Definition of target conditions {
Sustainable problem solving
System-CIP projects
Process confirmation

KPl-effect 7
Quality of problem solving

Point CIP areas.

Target derivation
System CIP cycles
Improvement focus
Leadership involvement
VsM-Quality

Target achievement

~—1— Average of the control group
—— Average of the Warehouse Excellence Group

Figure 6.5: BLWA results: Warehouse Excellence group 2010 vs. control group 2010
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6 Analyzing the Lean Impact

WaEx CoGr |difference | WaEx CoGr |difference
2010 2010 2010 2011 2011 2011
Average Points in the System- and Piont CIP 9.18 8,61 0,57 3281 12,82 19,99

assessment categories

|Variance coefficient

A . . 88,26%)| 90,85% 28,35%| 108,76%
in the System- and Point-CIP assessment topics : ; ° 0

Table 6.15: Assessment results achieved

cellence group had a distinct projection. The Warehouse Excellence
group also improved more uniformly overall in contrast to the con-
trol group. In this group, a few good warehouses pulled the average
total score up from 8.61 to 12.82. An indication for this is the coef-
ficient of variation for the groups. The Warehouse Excellence group
had a narrower spread in 2011 compared to the control group. The
spread of the control group in 2011 was higher than in 2010.

Warehouse Excellence Group versus Control Group (18)

Figure 6.7 shows the accumulated System-CIP and Point-CIP as-
sessment results of the Warehouse Excellence group in comparison
with control group (18). Control group (18) consists of 18 ware-
houses from the entire control group. These warehouses have been
separated because they are the only ones that measure productivity
within the respective warehouse. This indicates that these ware-
houses have a focuse on facts and figures and might also promote
lean techniques. Thus, this comparison will isolate supposedly ma-
ture warehouses from the entire control group.

Both groups in this comparison also had similar profiles and matu-
rity levels. However, the gap in the total score achieved between
the two groups is broader than in chapter 6.2.2. The total score of
the Warehouse Excellence group is 9.2 points and the total score of
control group (18) is 10.3 points. The biggest deviations from each
other are in the components Improvement Focus with a 1.2 point
difference and Quality of Problem solving with 1.1 points difference.
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6 Analyzing the Lean Impact

WaEx |CoGr (18)| difference | WaEx |CoGr (18)| difference
2010 2010 2010 2011 2011 2011
Average Points in thfa System- and Piont CIP 9.18 10,28 39 32,81 1811 147
assessment categories
|\./a”ance coefficient — |88.26%| 61,06% 28,35%| 71,04%
in the System- and Point-CIP assessment topics

Table 6.16: BLWA results points: Warehouse Excellence group vs.
control group (18)

Figure 6.8 compares the 2011 assessment results of the Warehouse
Excellence group with control group (18). The Warehouse Excel-
lence group has a distinctly higher level of maturity in the major-
ity of the components. Control group (18) performs better only
in System-CIP Projects and Quality of Problem Solving. The to-
tal score of the Warehouse Excellence group is 32.8 points and the
control group (18) has a total score of 18.1 points. Control group
(18) performs better than the control group (56) but the Warehouse
Excellence group still has 14.7 points more.

Table 6.16 shows the results of the comparison of the Warehouse
Excellence group with control group (18). The results show that
control group (18) performed better than control group (56). Higher
average total scores and a less negative development of the coeffi-
cient of variation demonstrate this. However, the gap in maturity
in this comparison is not as high as the gap in maturity between
the Warehouse Excellence group and control group (56). In sum-
mary, the Warehouse Excellence group also performed better than
the stronger control group (18).

Warehouse Excellence Group versus Control Group (38)

Control group (38) consists of 38 warehouses from the entire control
group (56). These warehouses have been separated because they do
not measure productivity within the warehouse. We assume that
these are the less mature warehouses and we want to complete the
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6 Analyzing the Lean Impact

partial comparison that we began with control group (18). Figure
6.9 shows the accumulated System-CIP and Point-CIP assessment
results of the Warehouse Excellence group in comparison with those
of control group (38).

Both groups had similar profiles and maturity levels in 2010. The
gap in the total score between the two groups is slightly larger than
in the previous comparison. The major difference is that control
group (38) has lower total average assessment results for the year
2010. The Warehouse Excellence group scored 9.2 points and control
group (38) scored 7.82 points. The biggest deviations from each
other are in the components Sustainable Problem Solving with a
0.9 point difference and Quality of Problem Solving Process with a
0.8 point difference. These are followed by Regular Communication
and Value Stream Quality with a 0.7 point difference each, Point-
CIP and Improvement Focus with a 1.3 point difference each, and
Quality of Problem Solving with a 1.4 point difference.

Figure 6.10 compares the Warehouse Excellence group and control
group (38) assessment results for 2011. The Warechouse Excellence
group has a higher maturity level in almost all of the components.
The only areas where control group (38) has more points are Sus-
tainable Problem Solving, with a 0.2 point difference, and Quality
of Problem Solving Process, with a 0.7 point difference. The total
average score of the Warehouse Excellence group is 32.82 points.
Control group (38) has a total score of 10.32 points. Control group
(38) is found to have performed worse than control group (56) and
the gap with the Warehouse Excellence group is 22 points larger
than the gap with control group (56).

Table 6.17 summarizes the results of the Warehouse Excellence group
in comparison with the control group. It shows that our assump-
tion was correct that the warehouses that do not measure produc-
tivity perform with a lower maturity level compared to warehouses
with productivity measurements. The results also show that control
group (38) did not improve consistently: the coefficient of variation
shows this. Both groups had very similar figures in 2010. The Ware-
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6 Analyzing the Lean Impact

Comparsion of the WaEx Group and the Control Group (38) in 2011

1.1 System-CIP

Business requirements.
Value Stream planning
Identification of improvement...
Definition of target conditions
System-CIP projects

Point CIP areas

Target derivation

System CIP cycles
Improvement focus
Leadership involvement

VsM-Quality

Target achievement

1.2 Point-CIP

Target condition
Quick reaction system
Regular communication
Sustainable problem solving

Process confirmation

KPl-effect X
Quality of problem solving

Figure 6.10: BLWA results: Warehouse Excellence group 2011 vs. control group

+><mqm@mo::mno_._:o_@acuﬁwmv
—— Average of the Warehouse Excellence Group

(18) 2011
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WaEX |CoGr (38)] diference | Wakx [CoGr (38)] difterence

2010 2010 2010 2011 2011 2011
[Average Points in the
System- and Piont-CIP assessment topics 9,18 7,82 1,36 32,81 10,32 22,49
Variance coefficient
in the System- and Point-CIP assessment topics | 88,26%| 107,66% 28,35%| 134,66%

Table 6.17: BLWA results points: Warehouse Excellence group vs.
control group (38)

house Excellence group had a narrower spread in 2011 compared to
the control group. The spread of the control group in 2010 was lower
than in 2011.

6.2.3 Intermediate Result: Lean Improvement

Subsection 6.2.1 demonstrated a noticeable improvement in the lean
maturity level of the Warehouse Excellence group. That section
also showed that the coefficient of variation was lower in 2011 than
in 2010. This indicates that the warehouses focused on the lean
improvement approach. The better results in the coefficient of vari-
ation could be explained with the set milestone goals. Before the
project, none of the participating warehouses were mature enough to
reach the milestones without an empowerment program. After the
empowerment program, all warehouses reached the milestones and
fulfilled the set minimum requirements. Since the milestones were
set as goals and the warehouses achieved them, a slight tendency
towards an alignment of the maturity had taken place.

The notable improvement in the lean maturity levels are clearly
shown by the Wilcoxon Signed-Rank test in 6.2.1. The Wilcoxon
Signed-Rank test determined that differences between the data sets
of 2010 and 2011 exist for 93.75% of the warehouses with a high level
of significance. In the control group, the Wilcoxon Signed-Rank test
showed that a difference between the samples of the years 2010 and
2011 exists for 21 Warehouses with minimum significance. In con-
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clusion, the percentage of warehouses and significance levels within
the control group was lower compared to the Warehouse Excellence
group.

The direct comparison of the Warehouse Excellence group with the
control group shows that the improvement within the Warehouse
Excellence group is higher than the improvement within the control
group. The biggest gap in the maturity level is seen in the com-
parison with the 38 warehouses of the control group which do not
measure the productivity, as described in chapter 6.2.2. In turn, the
18 warehouses that measure productivity have the smallest gap, as
shown in chapter 6.2.2. Finally, the comparison with the total con-
trol group ranks between the two above-mentioned comparisons (see
subsection 6.2.2). This leads us to the definition of lean warehousing
that is described in chapter 2.4. Part of the philosophy is an analyt-
ical approach to driving the continuous improvement process. Ana-
lytical approaches are always based on facts and figures. Measuring
productivity is a major part in determining the path for improve-
ment. Without the right path, it is difficult to reach a high level of
lean maturity. Since we also identify the warehouses that measure
productivity as the most mature ones, this indicates that measuring
productivity could positively influence improvement. This, in turn,
speaks for the quality of the Bosch Logistics Warehouse Assessment
that measured the improvement (see chapter 4).

6.3 Analyzing the Impact on Productivity

The development of lean maturity was analyzed in chapter (6.2).
The focus of this section is on the development of productivity KPR
and KPI. First, the development of the KPR and KPI of the Ware-
house Excellence group is analyzed. Then, the KPR development of
the Warehouse Excellence group is compared with the KPR devel-
opment of the control group.
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6.3 Analyzing the Impact on Productivity

6.3.1 Productivity Development of the Warehouse
Excellence Group

Warehouse Excellence Result KPR Productivity Development

From the beginning of the year 2010, warehouses in the Warehouse
Excellence group measured the monthly productivity of the entire
warehouse operation. Each warehouse reported the monthly aver-
age. These monthly average figures were then normalized. This
means that the monthly average of January 2010 was set as the
index base 100. All further figures were related to that base and
represent the development of the original figure. For example, a
warehouse had the monthly average productivity of 20 order lines
per man hour in January. This would set the index figure at 100. If
the figure had a positive development of 10% to 22 order lines per
man hour in February, the index would rise to 110. The average of
the index developments of the warehouses is shown in figure 6.11.

In 2010, the slope of the trend line was 0.0116. In 2011, the slope
rose to the value of 0.0282. The coefficient of the determination of
the trend line also rose from 0.2516 to 0.4073. This shows a clear
improvement of the KPR in the year 2011. The graph also shows
typical seasonal effects on the productivity in summer and winter
of those years. These seasonal effects are also an indicator that the
graph is reliable.

The Wilcoxon test was used to compare the reported index figures of
each warehouse from 2010 with the figures for each warehouse from
2011. The hypotheses are as follows:

Hy:: The samples n1 and n2 are from the same population

Hj:: The samples n1 and n2 are not from the same population

103



6 Analyzing the Lean Impact

Accumulated Productivity Index
140
120 — ~—
—— Warehouse
_ — Excellence Group
100 —
—Trend WaEx
80
60
40
20
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
10 10 10 10 10 10 10 10 10 10 10 10 11 11 11 11 11 11 11 11 11 11 11 11
[ [ Jani0 | Feb10 | Mari0 | Apri0 | May10 | Juni0 | Juli0 | Aug10 | Sep10 | Oct10 | Nov10 | Dec 10
Warehouse Excellence Grou | 100.000] 101.532] 103.385[ 104.964] 105.465] 104.254] 100.746] 104.914] 106.728] 106.081| 108.163] 101.743

[ [ Jan11 Feb1l | Mar1l | April | May1l | Junll | Jul1l | Augll | Sep1l | Oct1l
| Group | 109.768] 113.668] 114.616] 117.314] 120.246| 121.140| 115.057] 126.208] 122.157] 121.085

Nov1l | Dec 1l |
124.397] 115.949]

Figure 6.11: Warehouse Excellence KPR development
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Mean | Sum of
N Rank | Ranks
WaEx 2011 - Negative| 412 56,00 2296,00
WaEx2010 Ranks
Positive |139°(100,68|13994,00

Ranks
Ties 0
Total 180

a.WaEx 2011 < WaEx 2010
b. WaEx 2011 > WaEx 2010
c. WaEx 2011 = WaEx 2010

Table 6.18: Wilcoxon Rank table for the Warehouse Excellence KPR
index in the years 2010 and 2011

The sample nl are the figures for the year 2010. Sample n2 indicates
the sample for the figures in 2011.

The ranking table for the test is shown in table 6.18. It shows that
the positive rankings exceed the negative rankings. Finally, the test
statistics in 6.18 show with high enough significance that Hy can be
rejected.

Warehouse Excellence Monitoring KPI Productivity
Development

During the Warehouse Excellence project, the participating ware-
house managers defined projects in specific areas of their warehouses.
The goal of these projects was to drive the lean approach, especially
the closed loop between the System-CIP and Point-CIP methodolo-
gies. Most of the warehouses defined more than one project. How-
ever, a minimum of one project was required from the Warehouse
Excellence project team. The projects were closely monitored and
also followed up on regularly by the project team.
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Statistic for Test?
WaEx 2011 -
WaEx 2010
z -8,355"
Asymp. Sig. (2-tailed) ,000

a. Wilcoxon-Test
b. Based on negative ranks.

Table 6.19: Wilcoxon test statistics for the Warehouse Excellence
KPR index in the years 2010 and 2011

Figure 6.12 shows a detailed analysis of each project using one ex-
ample. The KPI development is highlighted on the left side of the
graph. The definition of the KPI is displayed at the top of the
figure as is the project name of the warehouse. In this case, the
name of the project is W16b. The time line for the project is also
shown on this graph. In each example, there is a segment before the
beginning of the project. This serves as a basis for comparison. Spe-
cific measures in the warehouse that deeply influence productivity
are also highlighted. In this example, workforce management was
started in November 2011. The average productivity and deviation
is listed below for the different segments. The assessment results of
the Point-CIP for the years 2010 and 2011 are on the right side. In
addition to this, the success factors that the warehouse focused on
are also indicated (see section 2.1). Further examples are listed in
appendix H.

The 16 projects in the different warehouses had a massive positive
influence on the productivity. The improvement was by 26.02% on
average. Table 6.20 provides the detailed results of the monitoring
KPI development.
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6 Anal

Range X<-25 -25<X<-15| -15<X<-5 5<X<+5 [+5<X <+15| +15<X <+25 +25< X
Amount 2 3 4 7

-5,61% 5,33% 15,88% 25,39%

-8,02% 10,52% 21,39% 27,57%

Result of 10,60% 22,33% 33,62%

each 23,44% 37,33%

warehouse* 47,97%

73,64%

74,94%

*avarage developement from the defined segment before the project start within the area with
the avarage of after implementation

Table 6.20: Monitoring KPI development overview
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6.3.2 Productivity Development of the Warehouse
Excellence Group versus Control Group

The KPR and KPI development of the Warehouse Excellence group
was shown, analyzed, and interpreted in subsection 6.3.1. This sec-
tion analyzes the KPR development of the control group. This com-
parison is shown in figure 6.13. Both of the groups had a similar
development in 2010 and the seasonal effects in summer and win-
ter time can be seen. The situation changed in 2011: the control
group showed a negative trend. The average index value of 105.26 in
2010 changed to 108.26 in 2011. The trend line slope changed from
0.01463 to -0.02327. In contrast, the Warehouse Excellence group
improved its trend from an average of 104.00 in 2010 to an average
of 118.47 in 2011. The slope of the trend line increased from 0.01164
to 0.02822.

The non-accumulated index figures of both groups were analyzed
using the Kolmogorov-Smirnov Z test to test if improvements are
significant or might be coincidences. In the first test, the figures of
the Warehouse Excellence group for the year 2010 were compared
with the figures of the control group. In the second test, the figures
for the year 2011 were compared. The hypotheses for the test are as
follows:

Hy: The samples n1 and n2 are from the same population

Hj: The samples n1 and n2 are not from the same population

The sample nl indicates the data from 2010. Sample n2 is the data
from 2011.

Table 6.21 shows the test frequency. Further results are plotted in
table 6.22. In 2010, the significance level is too low to reject Hy.
On the other hand, Hy could be rejected with high significance in
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Accumulated Productivity Index
140
120 ———— ~
Warehouse
——\ \,} Excellence Group
100
==Control Group
80 ——Trend WaEx
60 —Trend CoGr
40
20
0 T T T T T T T T T T T T T T T T T T T T T T T !
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
10 10 10 10 10 10 10 10 10 10 10 10 11 11 11 11 11 11 11 11 11 11 11 11
Jan 10 Feb 10 Mar 10 Apr 10 May 10 Jun 10 Jul 10 Aug 10 Sep 10 Oct 10 Nov 10 Dec 10
Warehouse Excellence Group 100.000 101.532 103.385 104.964 105.465 104.254 100.746 104.914( 106.728 106.081 108.163 101.743
Control Group 100.000 100.051 103.784/ 105.211 108.627 106.667 109.244/ 101.932 108.948 107.633 110.285 100.712]
Jan 11 Feb 11 Mar 11 Apr 11 May 11 Jun 11 Jul 11 Aug 11 Sep 11 Oct 11 Nov 11 Dec 11
(Warehouse Excellence Group 109.768 113.668 114.616' 117.314 120.246 121.140 115.057 126.208 122.157 121.085 124.397 115.949|
Control Group 110.112 110.879 110.935! 112.570! 108.072 112.334! 108.371 103.474| 107.923 105.430 106.657 102.408|

Figure 6.13: KPR comparison between the Warehouse Excellence group and control group
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ame N
2010 CoGr 207
WaEx 180}
Total 387,
2011 CoGr 216
WaEx 192
Total 408

Table 6.21: Kolmogorov-Smirnov-Test frequency of KPR WaEx vs.

CoGr
2010 2011
most extrem Absolut ,093 244
differenz Positiv ,081 244
Negativ -,093| -,005)
[Kolmogorov-Smirnov-Z ,910| 2,456
JAsymp. Sig. (2-tailed) ,379| ,000)

Table 6.22: Kolmogorov-Smirnov-Test of KPR WaEx vs. CoGr

2011. This means that a large difference in significance can be seen
between the data set of the Warehouse Excellence group in 2011
compared to the data set of the control group in 2011.

6.3.3 Intermediate Result: Productivity Improvement

The first analyze of productivity improvement was in subsection
6.3.1 with the Warehouse Excellence KPR. Figure 6.13 shows a
higher improvement in year 2011 compared to 2010 and the Kolmogorov-
Smirnov-Z test shows, with a high significance, that the data set
between 2010 and 2011 is not from the same population. This sup-
ports the thesis that an effect could influence KPR development.
The analysis in subsection 6.3.1 of the projects carried out during
the Warehouse Excellence project tries to explain what the effect
could be. The summary shows that a high improvement in the mon-
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itoring KPIs has an effect on KPRs.

These positive effects in the Warehouse Excellence group were com-
pared with the control group development in subsection 6.3.2. The
graph in figure 6.13 shows a higher productivity development for
the Warehouse Excellence group in 2011. The positive trend of the
graph is characterized by the Kolmogorov-Smirnov-Z test to show if
the result was random or significant. The KPR index graphs from
2010 could be from the same population but in 2011 the graphs show
high significance so they are not from the same distribution.

In conclusion, the data and development in 2010 are similar for both
groups but are significantly different in 2011 which leads us to the
assumption that something happened in the Warehouse Excellence
group that did not happen in the control group and it resulted in
an improvement of performance. We may suspect that this was the
Warehouse Excellence project.

6.4 Review the Hypotheses

We defined the four hypotheses that we wanted to analyze in sec-
tion 1.2 and they were also explained using a coordinate system in
figures 1.1, 1.2, 1.3, and 1.4. The abscissa of the coordinate system
shows the lean maturity. The lean maturity improvement was ana-
lyzed and an improvement in the Warehouse Excellence group was
shown in section 6.2. The ordinate shows the development of the
performance indicator. The performance indicator was analyzed in
section 6.3. The Warehouse Excellence group showed an improve-
ment in productivity in the result KPR and even a stronger one at
the KPI level. We now have the data and the intermediate results
we need to make conclusions about the lean impact when discussing
the hypotheses and this is done in this section.

Before we start, we will establish the basis for the discussion by
showing the relationship between the assessment results and the re-
sult KPR of the Warehouse Excellence group in figure 6.14. The
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abscissa is the absolute lean maturity development in the System-
CIP and the Point-CIP. The ordinate is the percentage of the result
KPR development from the year 2010 to the year 2011. Each point
represents one warehouse and the line represents the trend line. The
trend line hits the abscissa at the value of 15.94. This indicates that
even if some efforts are taken the expected positive lean effect on
productivity KPR might not be reached. A minimum higher in-
vestment is necessary to gain from the benefits. The slope of the
trend line is 0.0082, which implies a positive trend. This shows that
if more lean efforts are taken, the productivity gain is also higher.
The coefficient of determination is 0.3184, which indicates how well
the relation can be described by a linear function.

6.4.1 Review of Hypothesis |

Hypothesis I states that lean techniques have a positive impact on
performance indicators. Figure 6.14 shows that most warehouses
did have an improvement with the exception of two. The interesting
thing is that these two warehouses with the negative development
in the result productivity KPR belong to the group of warehouses
with the lowest lean maturity development. We can conclude that
lean techniques have a positive impact on performance indicators
but resources have to be invested into in order to reach a certain
lean maturity level before gaining from the benefits.

6.4.2 Review of Hypothesis Il

Hypothesis IT asserts that more lean has a more positive impact on
performance indicators. The slope of the trend line in 6.14 shows
that there is a positive relationship between the lean maturity level
and the productivity indicators. This means that if you invest more
to reach a higher lean maturity you will gain from an associated
higher increase in productivity. The figure also shows that if you
develop your lean maturity by 30 points, productivity development
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will increase by a minimum of 5%. To summarize, more lean has a
more positive impact on performance indicators.

6.4.3 Review of Hypothesis Il

Hypothesis III states that there is a mathematical correlation be-
tween the factors lean maturity and performance indicators and a
mathematical function can be used to describe this correlation. A
relationship between the two factors can be seen in figure 6.14 but a
function to describe this correlation could not be found. For exam-
ple, the coefficient of determination is 0.3184 for a linear regression
which is far too low to describe that correlation. In conclusion, a re-
lationship can be identified but a linear mathematical function could
not be identified.

6.4.4 Review of Hypothesis IV

Hypothesis IV asserts that lean techniques have a higher positive
impact on performance indicators than other approaches. The anal-
ysis in section 6.2 showed us that the Warehouse Excellence group
improved their lean maturity level significantly: much more than
the control group. A large number of the warehouses in the control
group did not improve their lean maturity at all so we can assume
that the control group warehouses focused on other approaches.

The analysis in subsection 6.3.2 also showed us that the develop-
ment of the productivity result KPR was similar in both groups
in 2010. However, the productivity result KPR development of the
Warehouse Excellence group was significantly better than the control
group in 2011. This means that something influenced the Warehouse
Excellence group in the year 2011. We assume that this relates to the
Warehouse Excellence group and that their approach was superior
to the other approaches in the control group.
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7 Summary & Conclusion

The roots of lean techniques date back 50 years to the production
systems of the Japanese automotive production industry. Several
in-depth studies have verified the positive impact of lean techniques
in production environments. The research methodology of these
studies was based on three elements:

e Measurement of the lean maturity
e Measurement of performance indicators

e Comparison of the samples with each other

A high level of evidence about the positive lean impact on perfor-
mance indicators in the production environment can be proven by
comparing the results of these elements with each other. Lean tech-
niques have also found their way into the warehouse environment.
Since the warehouse environment is different from the production
environment, there is no guarantee that lean techniques have the
same impact. Several studies exist on lean maturity, performance
indicators or a comparison of different samples with each other but
no single study could be found that combines all three elements with
each other with the goal of gaining a higher level of evidence about
the impact of lean techniques on performance indicators in the ware-
house environment. In conclusion, the level of evidence about the
positive impact of lean approaches on performance indicators has
been higher in the production environment than in the warehouse
environment until now.
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We carried out a study in an attempt to close this gap in evidence.
This study consisted of 16 warehouses in the observation group and
56 warehouses in the control group. The observation group were em-
powered by an intensive program with precisely defined milestones.
By reaching these milestones, it was ensured that the warehouses
would implement a structured continuous improvement cycle, which
we identified as a key element of the lean philosophy. Bosch coined
the terms System-CIP and Point-CIP for their interpretation and
definition of the method for a structured continuous improvement
cycle process. By providing training, workshops, and coaches; we
ensured that all of the warehouses in the observation group reached
the set milestones. The control group was not influenced by the
empowerment program.

Tools were needed to measure the progress of the lean maturity
and performance indicators for each warehouse. By evaluating the
existing available tools, we were able to determine that the lean
maturity assessments that are customized for the warehouse envi-
ronment do not meet our requirements. For this reason, a new lean
maturity assessment was developed, tested, and implemented. The
Bosch Logistic Warehouse Assessment was developed based on a
new generation of lean maturity assessments which were in use in
the production environment.

The performance indicator development was measured by the KPR,/-
KPI Tree approach. The KPR/KPI Tree ensures that several mea-
surements can be taken and linked together at the same or different
operational level. For example, if a fully developed KRP/KPI Tree
was implemented in a warehouse, it would be possible to estimate the
influence that the increase in productivity of a picker has on total
warehouse productivity. Since this level of development is almost
never found within warehouse operations, our study implemented
and focused on the result productivity KPR of the total warehouse
and the monitoring productivity KPI of specific areas within the
warehouse.

After determining what has to be measured and how, we measured
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and analyzed the generated data with descriptive and inferential
statistics. The development of the average assessment score of the
observation group was relatively higher than the development of the
control group. The two sample non-parametric Wilcoxon hypothesis
tests for dependent data were used to test a significantly higher lean
maturity development in the observation group compared to the
control group.

Before the study began, the development of the total productivity of
the observation group in 2010 was very similar to the control group.
During the study, the development of the observation group in 2011
was higher than the control group. A significant difference between
the groups in 2011 was verified using the two sample non-parametric
Kolmogorov-Smirnov hypothesis tests for independent data.

The monitoring productivity KPI of the projects, which is where
the strongest impact of the lean activities within the warehouses
occurred, also showed a high positive development. A significant
functional correlation between the productivity KPR and the lean
maturity development could not be verified. Instead, a positive rela-
tionship between higher lean maturity and higher productivity gain
could be shown. The graph also showed that a certain lean maturity
level has to be reached before benefits can be gained from lean.

In conclusion, we have contributed to the evidence that lean tech-
niques have a positive impact on performance indicators. We have
also shown that an observation group with a concentrated lean em-
powerment program performs better than a control group without
that focus. A functional correlation between lean techniques and
productivity increase could not be shown. This could be because
none of the warehouses had a highly developed KPR/KPI Tree. It
might be possible to show a correlation with better coverage and
a better linking of performance indicators within the observation
group and control group.
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A Appendix - Warehouse Excellence Group Data Sheet

WH* Region**| Busi- Service WH Clients | # Staff Storage Capacity Inbound Vol./Day | Outbound Vol./Day
Code ness Provider | Type** | beside
Unit Bosch # Pallets | #Bins | # Trucks | # Pallets | # Trucks | # Pallets
w1 EMEA UBK LSP D Yes 60] 22.000( 17.000 15 350 20 250
w2 EMEA UBK Bosch P No 160 2.520| 21.600 7 110 40 350
W3 EMEA UBI Bosch D No 70 2.500| 46.000 10 50 12 150
W4 EMEA UBG LSP D Yes 75 40.000 16.000 70 1.000 40 800
w5 EMEA uBl LSP P Yes 80] 40.000| 30.000 40 1.000 40 1.000
W6 EMEA UBK Bosch P No 330 4.500( 10.500 70 400 50 300
W7 EMEA UBG LSP D Yes 75] 15.000( 20.000 40 N/A 40 N/A
w8 EMEA UBK LSP P Yes 351 12.000 2.500 25 400 40 600
W9 EMEA UBK Bosch P No 220 9.500 15.000 40 800 30 600
w10 EMEA|UBK/UBG LSP D No 120] 12.900( 30.000 4 210 10 220
w11 EMEA UBK LSP P Yes 100 1.000| 10.000 N/A 200 N/A 350
w12 EMEA UBK LSP P Yes 45|  15.000 N/A] 35 N/A 70 N/A
W13 EMEA UBG LSP P Yes 150] 25.000{ 13.800 75 700 45 700
W14 EMEA UBK Bosch P No 36 3.300 6.000 20 450 15 350
W15 EMEA UBK LSP P No 16 2.500 6.000 3 150 6 180
W16 EMEA|UBK/UBG Bosch D No 125 14.000 60.000 4-6 400 4-6 N/A

* WH = Warehouse
** EMEA = Europe/Middle-East/Africa
** D = Distribution

P = Production

Table A.1: Classification of warehouses in the Warehouse Excellence group
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B Appendix - Control Group Data Sheet

Warehouse Region Business Service | Warehouse | Storage

Code Unit Provider Type Capacity

# Pallets
C1 Asia-Pacific UBK LSP|  Production 6.000]
c2 Asia-Pacific UBK LSP| Production 9.000]
Cc3 Asia-Pacific uUBl LSP| Distribution 4.891]
C4 Asia-Pacific UBK LSP| Distribution 2.922
C5 Asia-Pacific UBK LSP| Distribution 12.640]
C6 Asia-Pacific uBl LSP| Distribution 12.000
c7 Asia-Pacific UBG Bosch| Distribution 4.500]
c8 Asia-Pacific UBK LSP| Production 5.000:
Cc9 Asia-Pacific UBK Bosch| Distribution 1.353
C10 Asia-Pacific UBK Bosch| Distribution 5.672
c11 Asia-Pacific UBK Bosch| Distribution 911
C12 Asia-Pacific uBl Bosch|  Production 3.709;
C13 Asia-Pacific UBK Bosch| Distribution 430
C14 Asia-Pacific UBK Bosch| Distribution 950
C15 Asia-Pacific UBK Bosch| Distribution 595
C16 Asia-Pacific UBK Bosch| Distribution 207
c17 Asia-Pacific UBK Bosch| Distribution 383
C18 Asia-Pacific UBK Bosch| Distribution 947
C19 Asia-Pacific UBK Bosch| Distribution 1.166
Cc20 Asia-Pacific UBK Bosch| Distribution 1.984|
c21 Asia-Pacific UBK Bosch| Distribution 1.118
c22 Asia-Pacific UBK Bosch| Distribution 896
c23 Asia-Pacific UBK] Bosch| Distribution 633
C24 Asia-Pacific UBK Bosch| Distribution 721
Cc25 Asia-Pacific UBK] Bosch| Distribution 4.058]
C26 Asia-Pacific UBK Bosch| Distribution 1.732
C27| Europe/Middle East/Africa; UBK LSP| Distribution 5.255
C28| Europe/Middle East/Africal UBG LSP| Distribution 3.900
C29| Europe/Middle East/Africa; UBG LSP| Distribution 4.800
C30| Europe/Middle East/Africal UBK LSP| Production 3.000:
C31| Europe/Middle East/Africa; UBK LSP| Distribution 800
C32| Europe/Middle East/Africa; UBK LSP| Distribution 6.652
C33| Europe/Middle East/Africa! UBK LSP| Distribution 1.018
C34| Europe/Middle East/Africal UBG LSP| Distribution 12.800
C35| Europe/Middle East/Africa! UBK LSP| Distribution N/A
C36| Europe/Middle East/Africal UBK LSP| Production 5.800:
C37| Europe/Middle East/Africa; UBG LSP| Distribution 14.100
C38| Europe/Middle East/Africal uBl Bosch|  Production 10.433
C39| Europe/Middle East/Africa; UBG LSP| Production 11.400
C40( Europe/Middle East/Africal UBK Bosch|  Production 7.600:
C41| Europe/Middle East/Africa; uBl LSP| Distribution 9.300
C42| Europe/Middle East/Africal UBG LSP| Production 12.000
C43| Europe/Middle East/Africa; UBG LSP| Production 18.000
C44| Europe/Middle East/Africal UBK LSP| Distribution 9.230;
C45| Europe/Middle East/Africa; UBK LSP| Distribution 3.000
C46| Europe/Middle East/Africal UBG Bosch|  Production 7.550
C47| Europe/Middle East/Africa; UBG Bosch| Distribution 5.250
C48| Europe/Middle East/Africal UBG LSP| Distribution 16.000
C49| Europe/Middle East/Africal UBK LSP| Distribution 1.180
C50( Europe/Middle East/Africal UBK LSP| Production 850!
Cs51 Latin America UBK] Bosch|  Production 3.120]
C52 Latin America UBK LSP| Distribution 600!
C53 North America uBl Bosch| Distribution 3.344]
C54 North America UBK Bosch|  Production 10.000
C55 North America UBK LSP| Production 8.500]
C56 North America UBG Bosch| Production 3.389

Table B.1: Classification of warehouses in the control group
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C Appendix - Assessment
Questionaire

The development of the Bosch Logistic Warehouse Assessment (BLWA)
is described in chapter4d. We remember that the BLWA is based on
the Bosch Production System Assessment V. 3.1. Some parts of
the Bosch Production System Assessment V. 3.1. were used as is,
some parts derived, and some parts developed new for the BLWA.
However, the Bosch Production System Assessment V. 3.1 is the
intellectual property of Bosch and classified as strictly confidential.
This means that parts that are used as is or derived cannot be pub-
lished and only the parts that are totally new could be published.
Nevertheless, we looked for literature sources that explain the main
purpose of the parts that cannot be published. These parts were
rated from bad to very good.
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C Appendix - Assessment Quest

_m...s_z Analysis 10
s

Topic:

whtor2

System CIP

Figure C.1: 1.1 System-CIP Concept (Furmans and Wlcek, 2012; Rother and Shook, 2008; Soban-

Lovel

T

7

3

)

Points

Comments

concepT

Standards

[Standards

[Standards

[Standards

To establish a vision should be an integral part of the lean

practise in a warehouse. (Sobanski 2009, p.210) To reach this

vision, KPI-Trees can be used to derive goals from the business
for the (I , 2012, p. 79)

bad

ok

good

very good

Value stream plannin:

Sobanski (2009, p.210) explains the importance of value stream
mapping. A higher maturity can be reached by having value
stream mapping and value stream design for all processes within
the warehouses. The value stream maps should include the
information and material flows and key performance indicators.
(Rother, 2008, part Il). A yearly update of the maps are necessary
(Rother, 2008, part V).

In a warehouse with higher maturity, the role of the value stream
manager should be implemented and the value stream design
should lead to a pull system. (Rother, 2008, part | & IIl)

bad

ok

good

very good

Rother (2008, part V) mentions that the improvement activities
should lead from value stream mapping to value stream design.
These activities need to have measurable goals. Also, a
derivation _83 the business requirement could help identify

es. (| ans, 2012, p.80)

bad

ok

good

very good

Definition of target conditions for Point-CIP

Dehdari et al. (2011) mention that a target condition with a high
maturity consist of a standard, a key performance indicator, and
stability criteria.

bad

ok

good

very good

System-CIP projects

Rother (2008, part V) describes the following requirements for
projects. First, it has to be exactly described what you plan to do,
when, and how (step-by-step). Then, measurable goals are
needed. Finally, clear checkpoints with real deadlines and named
reviewers are required. He also highlight also the importance of
the value stream manager within this context.

bad

ok

good

very good

PointCip areas
‘One PointCIP for whole
warehouse

Poni Cip areas

1P done for
minimum two warehouse
sections

eparaay o overy

[Poinl CIp areas
- Point CIP done
separately for every

(@
torage. ...)

 cica
10 operators per team

Average

ski, 2009; Dehdari et al., 2011)

142



pue 110y ‘600g ‘TISURQOS ‘Z10g ‘O[\ PU® SURULIN) UOINILXY JID-WeISAG T°T 1) 231 g

(800z ““{ooys

abeiany

0 poob Aian

poob

0

peq

‘au urepad
® UlLIM payoeal aq o) aney Juswabeuew auy Aq 19s sfeob ay L
[ELEY

0 poob Aian

poob

0

peq

(08-d ‘8002

‘sueunnd) “Aufenb weans anjea ainjew aiow e 0} spea| sidH
ss990.d 8| UoIeWLIOUI BION ‘Weals anjeA au) Jo Buipueisiapun
awes ay) aAeY 0] SUODI pazipJepuels asn 0} juepodwi st

[enb weans anjeA

) poob Aian

poob

peq

“PIBAUIOJ 3I0M JUBWAA0IdWI BYI SALIP PUEB WE3NS NJBA dY) MOUY
01 s1 1abeuew ay) Jo 8j01 8y Tey suonuaw (A ved ‘800z) Jayoy

o poob Aian

poob

3o

peq

'S1500
pue ‘souewopad Aianiep ‘Aifenb Jo siorealpul souewopad Asy
ayp ur aq pinoys uawanoidwi sy reys skes (18 “d ‘z10g) suewuny

§M30}

0 poob Kian

poob

0

peq

‘0T 01 T woy syeads (yez 'd '8002) Msueqos

“Aujioe) ay) e pajaNpuod SJUBAS (Uaziey]) $ajokd d1D-Wwalshs
[enuue [ew.oj Jo Jaquinu ayl Aq payoeal aq ued Aunyew Jayby v/|
SoPA gID-WaTSAS|

0 poob Aian

poob

o

peq

(z8°d ‘z10Z ‘suew.ns) ‘sjeob ayp 19s 01 sey Juswabeuew ay |

NOILNO3X3

i wass

143



lonaire

C Appendix - Assessment Quest

‘Warehouse Analysis 1.0

Level

Topics.

Points

Comments

Point CIP.

CONCEPT

[Standards

Standards

Standards

Standards

[Standards

Target condition

Dehdari et al. (2011) mention that a target condition with a high
maturity consist of a standard, a key performance indicator, and
stability criteria. it should be ized on
the shop floor.

bad

ok

good

very good

uick reaction system

A quick reaction system is a standard that explains how a
employee should react if unexpected things occurs and defines
what the escalation limitis for reporting it to his supervisor.

bad

ok

good

very good

work plans, indivi and goals,
assignments,

p , and changes. i, 2008, p. 203). Dehdari
et al. (2011) mention that the agenda, duration, and the focus of
the communication should be defined.

Regular ication with i of

bad

ok

good

very good

Sustainable problem solvin
Problem solving activities are organized into team-based

to, utilize, participate,
without 3
(Sobanski, 2008, p.200) Additionally, structured problem solving
methodologies should be used to determine

the root causes of problems as they arise. (Sobanski, 2008,
p.204)

ate, and lead problem-solving activities

functions. In a highly mature system, employees are empowered

bad

ok

good

very good

Process confirmation

Quality verification and i fon p
that the standard operating procedures for each process are
performed with minimal errors. (Sobanski, 2008, p205)

The different hierarchy levels are also involved in the process
confirmation. (Dehdari et al, 2011)

in functions ensure

bad

ok

good

very good

Average

Figure C.3: 1.2 Point-CIP Concept (Dehdari et al., 2011; Sobanski, 2009)
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C Appendix - Assessment Quest

‘Warehouse Analysis 1.0

Level

"

Points Comments
Topics [ T z 3 3
Standards Standards Standards Standards Standards
Work content
First, the failure has to detected. If measures or
processes are installed that support detection and
even prevention, then the failure prevention system is bad ok good very good 0
mature. (Hoyle, 2006, p.34)
& Parts identified as bad have to be taken right out of
. 2 the process. (Vahrenkamp, 2010, p174)
H © Visuaization: Visuaization: Visuaizaton: Visuaizaton:
&
H implemented o W | o
H reaction limit, _[packing etc.) [waming system
H urgency plans)
H Average 000
Pl
z Inenal erro ate:
] -
E | o e - e | o
g external (von-owing)  [for more than 6 months | more than 1 year for more than 2 years
] faiures
Average 000
{ -
{ -

Figure C.5: 2.1 Failure Prevention System (Hoyle, 2006; Vahrenkamp, 2010)
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C Appendix - Assessment Quest

Warehouse Analysis 1.0

Level

L

Topics

T

z

3

Points.

Comments

Standardized Work

CONCEPT

Standards.

Standards

Standards

Standards

Standards

Coverage of standardized work

The coverage can be checked by asking if there are
current standardized worksheets for each major
operation/process in each function. Smaller
standardized work cycle lengths increase process
resolution, bring problems to surface faster, reduce
batch sizes, queuing, and WIP. (Sobanski, 2008, p.
194)

bad

ok

good

very good

Visualization

has to be posted on the
shop floor. (Sobanski, 2008, p. 194) They have to be
also comprehensive and supported by visuals.
(Graupp, 2006, p. 54)

bad

ok

good

very good

ualific:

is it by training and
of daily work

in { i
activities. (Sobanski, 2008, p. 215)

bad

ok

good

very good

EXECUTION

B
vm|m status
5S

for ping a place for
and having everything in its place in the facility.
(Sobanski, 2008, p. 217)

ything

bad

ok

good

very good

Stability

The percent of actual cycle counts performed daily
versus department goals? Are they tracked and goals
set? (Sobanski, 2008, p. 206)

bad

ok

good

very good

Productivity

rates are tracked and displayed regularly
versus facility and departmental goals? The actual
productivity rates versus departmental and facility
goals, where a higher ratio is better? (Sobanski,
2008, p. 212)

bad

ok

good

very good

Average

—
—

Figure C.7: 2.3 Standardized Work (Sobanski, 2009; Graupp and Wrona, 2006)
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C Appendix - Assessment Quest

Warehouse Analysis 1.0
No.

Level

Figure C.9: 3.2 Outgoing Goods (Dehdari and Schwab,

cek, 2012)

Points Comments
Topics. [ T 7 3 3
Standards Standards Standards Standards Standards
Organization
Time windows can help level the workload for
defined shipping times. If these time windows are bad " " " N
also available for the downstream processes, the a ol 900! very goo
maturity is higher. (Dehdari et al, 2012)
Technical Equipment
r s level 3
g manually automaic equipment (e. caupment (¢.g. RFD | °
8 g scanner gate)
Visualization
Visual controls can help guarantee the time
windows. Visual control mechanisms enhance bad " " " R
process integrity and reduce waste by eliminating a ol goo very goo
and stabilizi y
2008, p.215) (Furmans, 2012, p.49)
)
Average 000
ket kp1 ket ket ket
2 Time window adherence
$ Tracking the time window adherence information
22| 2 i the versus the i bad ok good very good °
B (Sobanski, 2008, p. 212)
° Balancing of complete shij rocesses
To balance the workload, important to know the
\workload and available man hours. An improvement bad ok good very good )
of the balance is desired. (Furmans, 2012, p. 82)
. Lead time of the shi
s The lead time of the shipping and shipping
m preparation should be measured. If it is stable bad ok good very good 0
& reduced for a certain time than this is a good
indication. (Furmans, 2012, p. 79)
[Dispaich erorraie: |Dispaich erorrale: | Dispaich errorrale: | Dispaich error rate:
faiwre |0
measured more than 6 months. | more than 1 year for more than 2 years
handing steps are |- reduction in handing |- reduction in handing |- reduction in handing
counted
it y y ot y o
reached, stable reached, stable reached, stable
reduction) reduction) reduction)
Average [ =
=

2012; Sobanski, 2009; Furmans and WI-
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C Appendix - Assessment Questionaire

‘Warehouse Analysis 1.0

Figure C.11: 3.4 Picking

Poms|  Commenss
I Topics 3 3
Stancards
supporied by unitare
working 550% B
pckby
voiceflight)
[Crganizatonal sper [Crganizatonal sysem
= - picking as vl 2
& an s rcer exists requency. sabiy of
¢ 0004s, packaging mateal - o
H
© case of fluctuation in demand
- manual orde eniry - utomatcal oder enty as evel 3 B
£ - picking order
sa| 3
H ez Ve Ve
- fow asievel2 Fasievels .
taking. hand-ove, €. .
pcing reas
000
et ] o1
z Leadime of
H Jead ime of the pioking process .
s .4 monis o on utstandingkevel
g
H
s o
e than 2 years
Average 000
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C Appendix - Assessment Quest

Warehouse Analysis 1.0

Level

poins| Comments
o Topics [ T P2 3 )
[Standaras Standards Standards Standards Standards
Organization
Time windows can help level the workload for
defined receiving times. If these time windows are
also available for the upstream processes, the bad ok good very good °
maturity is higher. (Dehdari et al, 2012)
Eniny /booking Eniny / booking Eniy  boon
- twolevel Entry. as level 1 Single-level Entry: aslovel 3
the posiing of the goods the posing of the goods
enty o the incoming | done not more han one_[together withthe enry of [done nearly at th same
goods are done y atter goods are ‘qood:
seperately received least interim booking of | received (not more than 2| ©
¢ |Avis-nformation to | hours later)
8 4 storage system =
38 & Einbuchung unter
36| 2 g Vorbehal)
H 8
H nspecion nspecion inspecton
aslovel 3
o
suppler or comparable. o
scheme)
al controls can help guarantee the time
windows. Visual control mechanisms enhance
process integrity and reduce waste by eliminating bad ok good very good 0
and
2008, p.215) (Furmans, 2012, p.49)
verage 000

Figure C.13: 3.6 Incoming Goods Concept (Dehdari and Schwab, 2012; Furmans and Wlcek,

2012)
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D Appendix - Warehouse Excellence Group Assessment Results

2010

Criteria Min  Max Average]l W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W1l W12 W13 W14 W15 W16
1.1 System-CIP Concept

Business Requirements 0 4 0.750] 0 2 0 0 0 4 0 0 2 0 2 0 2 0 0 0
Value Stream Planning 0 1 0.375] 0 1 1 0 0 1 1 0 0 0 1 1 0 0 0 0
Identification of Improvement Activities o] 1 01251 0 1 0 0 0 1 0 0 0 0 0 [o] 0 0 0 o]
Definition of Target Conditions 0 2 0.125] 0 2 0 0 0 0 [o] 0 0 0 0 o] 0 0 0 0
System-CIP Projects 0 1 0.188] 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0
Point-CIP Areas 0 4 1.125) O 4 1 2 0 1 1 0 1 1 1 0 1 1 4 0
1.1 System-CIP Execution

Target Derivation 0 1 0.688] 0 1 1 1 0 1 1 1 1 1 1 0 1 0 1 0
System-CIP Cycles 0 1 0.2501 0 1 0 0 0 1 0 0 1 0 1 0 0 0 0 0
Improvement Focus 0 2 0.938] 0 0 2 1 1 1 1 1 1 1 2 0 1 2 0 1
Leadership Involvement 0 2 0.313] 0 1 0 0 0 2 0 0 0 0 2 0 0 0 0 0
VSM-Quality 0 4 0.7501 0 1 4 0 0 4 1 0 0 0 1 1 0 0 0 0
Target Achievement 0 2 0.125] 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0
1.2 Point-CIP Concept

Target Condition 0 2 0438 0 2 1 0 0 1 1 0 0 1 1 0 0 0 0 0
Quick Reaction System 0 4 0438 0 0 0 0 0 2 0 0 1 0 4 0 0 0 0 0
Regular Communication 0 3 1.375) 1 2 1 1 1 2 1 0 2 1 2 0 1 3 3 1
Sustainable Problem Solving 0 2 0.438] 0 0 0 0 0 2 0 0 0 0 2 0 1 0 2 0
Process Confirmation 0 2 0.313] 0 0 0 0 0 1 0 0 1 0 0 0 0 1 2 0
1.2 Point-CIP Execution

KPI-Effect 0 3 0.188] 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0
Quality of Problem Solving 0 2 0.250] 0 0 0 0 0 2 0 0 0 0 2 0 0 0 0 0
[Sum of Reached Maturity Level 1 19 11 5 2 27 7 2 10 6 25 2 9 7 12 2
Sum of Average o.Hmm_

Standard Deviation 8.109]

Coefficient of Variation 88.266]

Table D.1: BLWA results per warehouse: Warehouse Excellence group 2010
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E Appendix - Warehouse Excellence Group KPR

Description 2010 2011 Delta | Slope 2010 2011
Lean-Index | Lean-Index Average | Average
W1 1.000 25.000] 21.000( 0.002] N/A 110.029]
W2 19.000 40.000] 20.000| 0.023| 126.279! 136.333]
(W3 11.000 22.000 7.000( 0.018 100.522 106.876
w4 5.000 35.000] 30.000( 0.013] 103.876 110.017|
W5 2.000 38.000] 36.000( 0.076 107.323 136.543]
W6 27.000 47.000] 16.000| 0.055) 109.987 135.913]
w7 7.000 26.000] 19.000( 0.010) 109.088! 114.664|
w8 2.000 23.000] 21.000| 0.045) 92.803] 111.874|
W9 10.000 45.000] 36.000( 0.047| 100.000! 123.865|
W10 6.000 29.000] 23.000( 0.011] 104.618! 106.438|
W1l 25.000 30.000 3.000( 0.035 96.724/ 107.438|
W12 2.000 27.000] 25.000( -0.021] 98.543] 90.645|
(W13 9.000 33.000f 23.000| 0.013 99.081 104.704
W14 7.000 18.000| 10.000| 0.214| 108.948! 194.287|
W15 12.000 48.000| 38.000( 0.001 97.827] 100.702|
(W16 2.000 39.000] 37.000| 0.001] 104.353 105.146|
Average 9.188 32.813] 22.813| 0.035) 103.998] 118.467]
Standard
Deviation 8.109 9.304]

N/A
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000

N/A
119.359
103.543

94.208
103.012
110.879
105.941

89.745
100.000

95.059

98.656

95.678
103.166
102.511

95.074
106.149
101.532

100.000
101.267

85.541

95.678
104.127
106.540
106.828
107.574
103.385

ApT
10

NA
126.857
94.107
117.247
103.789
116,915
120.476
89.599
100.000
103.184
98.037
99.804
98.783
104.389
97.519
103.754
104.964

May Jun Jul Aug Sep Oct Nov Dec
10 10 10 10 10 10 10 10
N/A NA N/A N/A A N/A N/A A
129741 124.416 125169 120.653 135050 135.008 143.011 137.917
108449 103961 102.367 105836 93689 95.866 98.265 102.120
104018 105.892 98.844 98199 104154 104.867 107.941  98.990
98.115 99.963 104.624 104.005 114530 111794 112779 125.158
111403 109.172 107.776 119.968 103.406 105.370 104.260 126.971
100.851 109.957 100.957 109.957 109.957 108.204 114.353  99.478
02321 96.060 86.611 92491 101.043 99.378 93.101  83.008
100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000
110.584 110.306 101.609 113.607 110.030 101.730 109.019 99.019
99.141 97.299 92516 77.927 100.022 98.020 114.107 99.417
103733 100982 104.322 103340 96.071 100.000 98.035  84.872
97565 90.230 91251 99.524 100.145 102789 102.737  98.650
100880 107.706 99.690 135415 110.667 117.201 110.206 103.083
107.210 106.909 84.092 79.620 107.510 104.368 106.904  77.891
108.967 100.951 102.366 113170 105.651 106.348 107.729 _ 89.572
105465 104.254__100.746__104.014_106.728_106.081__108.163 101743

Table E.1: Warehouse

Excellence Group KPR development 2010
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F Appendix - Control Group Assessment Results

Criteria Min Max Average| C1I_C2 C3 C4 C5 C6 C7 CB C9 CI0 CIl Cl2 CI3 Cl4 CI5 Cl6 Cl7 CI8 C19 C20 C2l C22 C23 C24 C25 C26 Ca7 C28
1.1 System-CIP Concept
Business Requirements o 2 o200 0o 0o 1 1 0 1 2 0 0O 0O 0 O O O 0 O O O 0 O O O 0 0O 0 2 1
Value Stream Planning o 1 o0%[1 0o 0o 0 0O O O 0 O O O 0 O O O 0 O O 0 0 0O 0O 0 0 0 0 0 0
Identification of Improvement Activities o o oo0fo o o o 0o 0O 0O 0 O O O 0O O O O 0 O O 0 0 0O O 0 0 0 0 0 0
Definition of Target Conditions o 2 ozfo0o o 0o 2 0o 2 1 0 0O 0O 0 0 O O 0O 0 O O 0 0 O O 0 0 O 0 1 1
System-CIP Projects 0o o o000 0o 0o 0 O O O 0O O O O 0 O O 0 0 O O 0 0 0O 0O 0 0 0O 0 0 0
Point-CIP Areas O 3 o409[3 1 0 1 1 2 3 0 0 0O 0O 0 0 0 O O 0O 0 0 0O 0 0 0 0 0 0 1 0
11 System-CIP Execution
Target Derivation o 4 o440 0 1 1 1 4 0 4 0O O O 0O O O O O O O O O O O O O O O 1 1
System-CIP Cycles o o o000 0 0o 0 0O O O 0 O O O 0 O O 0 0 0O O 0 0 0O 0O 0 0 0 0 0 0
Improvement Focus o 4 o742 o0 3 4 4 1 0 1 0 O O 0 O O O O O O O O O O O 0 0O 0 2 3
Leadership Involvement 0o o oo0fO 0o 0 0 0O O O 0 O O O 0O O O O 0 O O 0 0 O O 0 0 0O 0 0 0
VSM-Quality o o ooO 0o 0o 0 0O O O 0 O O O 0 O O 0O 0 O O 0 0 O O 0 0 0O 0 0 0
Target Achievement o o0 ooofo o 0 0 0o 0 0 0 0 O 0 0 0 0 0 ©0 0 0 0 0 0 0 0 0 0 0 0 0
1.2 Point-CIP Concept
Target Condition 0o 2 o032 0o 0 2 2 0 1 0 0O 0O 0 0 O O O 0O O O 0O 0 O O 0 0 0O 0 2 1
Quick Reaction System o 2 o2sf2 0o 0o 2 2 0 1 0 0O 0O 0 0 O O O 0 O O 0O 0 O O 0O 0 O 0O 0 0
Reqular Communication o 4 omof3 3 o 1 2 4 0 0 O O O 4 0 O O 0 O O O 0 O O O 0 0O 0 1 3
Sustainable Problem Solving o 4 o703 3 o 0o 0o 0O 4 0 0O O O 4 0O O O 0O O O O O O O O O O O 4 3
Process Confirmation O 2 oa792 1 0 0 0O O 1 0 O O O 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
.2 Point-CIP Execution

0 0o 2 2 2 0 1 0 0 0 0 0O 0O 0 0 O O 0 0 O 0O 0 0 0 0 0 0 0

2 2 1 3 3 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 4

20 10 7 190 18 16 14 7 0 0 0 8 0 0 0 0 0 ©0 0 0 0 0 0 0 0 0 17 17

[Standard Deviation of Sum C1-C56
[Coefficient of Variation C1-C56

Table F.1: Assessment results per warehouse: control group 2010 C1-C28
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201L

_m_m:m Min Max Average| C1_C2 C3 C4 C5 Cb6 C7 C8 C9 Cl0 Cil Cl? CI3 Ci4 Cis Clb6 Cl7 Cl8 C19 C20 C2l C22 C23 C24 C25 C26 C27 C28 _._
11 System-CIP Concept

Business Requirements. o 3 o811 0 2 1 3 2 1 2 0 0 0 0 O O O 0 O O O 0 O O O 0 O 0O 1 1
Value Stream Planning 0 4 o421 0 0o 3 4 0 0 0 0O O O 0 O O O 0 O O O 0 O O O 0 O 0O 0 0
Identification of Improvement Activities 0 4 0391 0 0 4 4 0 O 0 0O O O 0 O O O 0 O O O 0 O O O 0 O O 0 0
Definition of Target Conditions o 4 o722 o 1 4 4 1 1 0 0 1 0 0 0O O 0O 0 O O 0 0 O O 0 0 O 0O 0 0
System-CIP Projects o 4 o660 0O 0 3 4 0 0O 0 O O O 0 O O O 0 O O O 0 O O O 0 O O O 0
Point-CIP Areas o 3 o7e[3 o o0 2 3 2 3 0 0 3 0O 0 0 0O O O 0O 0 O O O 0 0 0 0 0 0 0
T.1 System-CIP Execution

Target Derivation o 4 o039 0 0o 0o 4 4 0 0 0 O 1 O 0 O O O 0O O O O 0 O O O 0 O O 1 0
System-CIP Cycles o 4 o020 0o 0o 1 1 0 0 0 0O O O 0 O O O 0 O O O 0 O O O 0 O O 0 0
Improvement Focus o 4 o833 o o 3 1 1 0 1 0 1 0 0 O O O O O O O 0 O O O 0 0O 0 4 0
Leadership Involvement o 4 o460 0 0O 1 4 0 O 0O O O O 0O O O O O O O O O O O O 0O O O 0 0
VSM-Quality 0 4 0342 0 0 0 4 0 0 0 O O O 0 O O O 0 O O O 0 O O O 0 O O 0 0
Target Achievement o 2 oonlo o o0 1 1 0 0 0 O O O 0 0O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o0
T2 Point-CIP Concept

Target Condition o 4 o891 o0 2 3 4 1 1 0 0O 2 0 0 O O O 0O O O O O O O O 0 O O O 1
Quick Reaction System o 4 o%lo0 0o 2 4 4 4 1 4 0 4 0 2 0O O O 0 O O O 0O O O O 0 O O 0 0
Regular Communication 0 4 11431 3 0 4 1 4 0 4 0 1 0 4 0O O O 0O O O O O O O O 0 O O 0 0
Sustainable Problem Solving 0 4 1412 o0 0 4 4 3 4 4 0 O O 1 0O O O O O O O O O O O 0 O 0O 2 4
Process Confirmation o 2 oasl1 o 1 1 1 1 1 0 0 1 0 1 0 0 O ©0 0 0 0 0 0 0 0 0 0 0 0 0
1.2 Point-CIP Execution

KP-effect o 4 o663 o0 2 2 1 2 1 0 0 0O O 0 O O O 0O O O O 0 O O O 0 O O 0 0
Quality of problem solving O 4 11793 o0 3 4 4 3 1 1 0 1 0 3 0O 0O 0O 0 O O 0 0 0 0 0 0 0 0 1 0
[Sum of Reached Maturity Level 243 13 49 56 24 14 16 0 15 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 6
[Sum of Average CL-C56 12821

[Standard Deviation of Sum C1-C56 13.945

[Coefficient of Variation C1-C56 108.767,

Table F.3: Assessment results per warehouse: control group 2011 C1-C28

F Appendix - Control Group Assessment Results
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F Appendix - Control Group Assessment Results
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G Appendix - Control Group
KPR
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G Appendix - Control Group KPR

Description 2010 2011
Lean-index | Lean-Index T
C1 20.000 24.000
C5 18.000° 56.000
C6 16.000 24.000
Cc9 0.000 0.000
C10 0.000 15.000
c27 17.000 9.000
C32 8.000 9.000
C34 8.000 20.000
C35 7.000 9.000
C37 14.000 23.000
C38 23.000 15.000
C39 12.000 27.000
C40 7.000 12.000
C42 11.000° 24.000
C43 11.000° 22.000
C44 11.000° 33.000
C49 12.000° 17.000
cs4 27.000 8000 R
[Average 12.333 19.278 108.627__106.667 107.633__110.285 ———
Standard
Deviation 7121 12.356

Table G.1: Control group KPR development 2010
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H Appendix - Warehouse Excellence Projects Overview

KPI definition:Order Lines Picked & Packed / Man Hour

< <
Productivity Pick/Pack Area ° Point-CIP o System-CIP Leadership
7 ~ Target Condition N Business Requirements
< < Value Stream
€ Quick Reaction System € Value Stream Planning Planning x
° v 1 ?  Identification of Improvement. vSM/VSD)
. Regular Communication ;
standardization
s Sustainable Problem Solving
| | | Process Confirmation workplace x
4 Design
o ' 2 3 .
3 € € Visualization x
x x
€ KPI-Effect € vor
2 \amal < < foridorce
! ! ", [ v v ° anagement
X H T Leadership Involvement
N g ' Quality of Problem Solving ' VSM-Quality fremfess
a ° ° Target Achievement Problem Soking
o
Jnil feb1l Marll Aol Mayll Wnil M1l Agll Sepll Oqll Newll Decll Jmi2 feb12 ° ! : 3 * o ! : 2 ¢ | |customer
Collaboration

Warehouse Assessment 2010
011

@ Results of the Bosch Log)
—®— Results of the Bosch

Figure H.1: Project development sheet Warehouse 1
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H Appendix - Warehouse Excellence Projects Overview

Area: Outgoing Goods KPL-Definition: Order Lines / Man Hours. Maturity Development Factors of Sucess
B

Productivity Outgoing Goods o Point-CIP

" Target Condition n
< ¢
i Quick Reaction System ©
Sustainable Problem Soving
process Confirmation.

Leadership

s Stream
[planning vswvso)

[workpiace
pesion

\visusization

]
H
X/ X X%

[worktoree
Management

[susainable
vsm-uality problem slving.
Target Achievement

“hefocused

Figure H.3: Project development sheet Warehouse 4
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H Appendix - Warehouse Excellence Projects Overview

Productivity Outgoing Goods

System-CIP Leadership

KprEfect

Quality of roblem Soling.

XX XXX

Target Achievement

Figure H.5: Project development sheet Warehouse 6
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H Appendix - Warehouse Excellence Projects Overview

Area: Incoming Goods

KPLDefintion: Order Lines / Man Hours

Productivity Incoming Goods N Point-CIP N System-CIP

rement

B K Efect i
H w  Qualityof Problem Solving

Factors of Success.

Leadership

e stream
Pranning (v5w/v50)

ardization

orkplace
pesien

X XXX

foktorce
Management

inable
problem sohing.

Figure H.7: Project development sheet Warehouse 8
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H Appendix - Warehouse Excellence Projects Overview

/ Man Hours Maturity Development Factors of Success
Productivity Incoming Goods N Point-CIP N System-CIP
ity ng ° M v [Leadership
< H e s
B Quick Reaction System : [omoming x
. v s
— P
[workplace x
PR o a5 a | foeien
f «
[ H Torge Deriaion rin | X
B ‘ System-ci Cyles
[Wordorce
v v Improvement Focus IWmagement
! B Leadership Ivolvement —
“ N Vsuqualiy prabiem soing
Target Achievement lcustomer
R ] e

5 Results ofthe Bosch Logistics Warehouse Assessment 2010
—-— o11

Figure H.9: Project development sheet Warehouse 10
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H Appendix - Warehouse Excellence Projects Overview

Area: Internal Transport

KPLD: Lines / Man Hours Maturity Development

Productivity Internal Transport System-CIP

n

Kerifect -\-
ity ofPoblem Soing

o s : 5 . o 1 :

el fthe Bosh Logites Warshouse Assesment 2010
=

Figure H.11: Project development sheet Warehouse 12
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H Appendix - Warehouse Excellence Projects Overview

Area: Incoming Goods K defintion: Orderlines Inbound / Man Hour

Productivity Incoming Goods

I feb Ao Moy A Aug Sem Ot New Dec an £ Mar Aor Moy in Al Aug ep 0t N Onc b Fab

“star Projetin the Ares

Figure H.13: Project development sheet Warehouse 14

System-CIP

Factors of Success

[Vaue stream
[lanning
SR

standardization

[ Workplace
[oesign

KPiEffect

Qualty of roblem Soling

T Resuls of the Bosch Logistcs Warehouse Assessment 2010
—.—

[Management

Isustainable
[Probem Soling.

lcustomer
[cotabaration
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H Appendix - Warehouse Excellence Projects Overview

Area: Pck and Pack WH2 KPI defintion: Carton Order Lines Picked & Packed / Man Hour

System-CIP eadership
Business Requirements

Productivity Pick/Pack Area

X| XXX X

55— Resuls of the Bosch Logitics Warehouse Assessment 2010
—m— Resultsof

“Str Project i the Avea

Figure H.15: Project development sheet Warehouse 16
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