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Abstract

Abstract
Much research regarding efficiency in manufacturing industry has historically been
focused on the material activities of the shop floor. However, companies that merely
focus on material activities when trying to improve lead times, risk losing potential for
improvements within immaterial activities such as planning, engineering, design, and
purchasing, which often constitute the most time consuming parts of the order
fulfillment processes. Engineer to order (ETO) products are particularly time
consuming regarding their immaterial activities, and the customer is waiting for the
products from the very beginning of the order fulfillment process. Shortening the lead
time to customer for ETO products is therefore important for customer satisfaction.
The aim of this study is to adapt an existing lead time tree model currently focused on
material activities to also include immaterial activities, enabling a full visualization of
all activities contained in order fulfillment processes. The lead time tree model would
thereby be able to use as a tool when working on shortening the lead time to customer.
A further aim of the study is to investigate how the adapted lead time tree model can be
used in further areas as well, in addition to visualizing immaterial activities.
The adaption of the lead time tree model has been based on the original literary source
of the lead time tree model. The original lead time tree model has been analyzed towards
theoretical data from a literature study, and towards empirical data about immater ia l
activities in order fulfillment processes for ETO products, from the case company
Kongsberg Maritime Sweden AB (previously Rolls-Royce AB). The result of this has
been an adapted lead time tree model that can visualize immaterial activities.
Several adaptions of the original lead time tree model have been made for it to be able
to visualize immaterial activities, while still keeping the basics of the original model.
The adapted lead time tree model comprises information that is normally kept separated
and that is important when planning and improving a process. Additional informatio n
that is needed for each specific case can also easily be included in the lead time tree.
The adapted lead time tree model has proven to have additional areas of use within
project planning, improvement work regarding lead time reduction and root-cause
analysis, and as a boundary object for communication with both internal and external
actors.
The adapted lead time tree model is presumably able to map and visualize immater ia l
activities in other fields of business as well, other than manufacturing, as the nature of
immaterial activities most likely remains the same across business environments.
Keywords
Administrative processes, Boundary object, Critical path, Engineer to order,
Information flow mapping, Process mapping, Time-phased product structure
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Introduction

The introductory chapter presents the background for the research and narrows down
to a problem description. The aim of the study is then stated, as well as the research
questions developed to fulfill the aim. To conclude the chapter, the scope of the research
is stated, and the outline for the thesis is presented.
1.1

Background

Much research regarding efficiency in manufacturing industry has historically, from
Taylor’s Scientific Management in 1911 to Liker’s Lean Production in 2004 and
onwards, been focused on production of tangible products and the physical activities on
the shop floor, hereafter referred to as material activities. Efficiency in production is
important for the satisfaction of the customer. However, when the products in question
are customized, the order fulfillment process time that is spent on actual production is
often a smaller part of the whole process time (Wikner & Rudberg, 2005). In
customized production, non-material activities such as planning, engineering, design,
and purchasing, hereafter referred to as immaterial activities, make up most of the order
fulfillment process time. An order fulfillment process is defined by APICS (2017) as
“the chain of events from the moment the customer places the order to the moment the
order is fulfilled”. For collaborative customization, when manufacturing companies and
their customers jointly agree and produce a customer specific product (Yalcin, 2009),
also called engineer to order (ETO), the customer is waiting for the product from the
very beginning of the whole order fulfillment process (Cannas, Pero, Rossi & Gosling,
2018; Rudberg & Wikner, 2004). Shortening the lead time to customer for ETO
products is therefore important for customer satisfaction.
Feedback following a doctoral dissertation presented by Bäckstrand in 2012, on how to
work with supplier relations in operations management, showed much focus on a
specific tool included in the study. This tool, a lead time tree model included in the
process to facilitate internal communication and used for visualization of supply chains,
helped participants understand the true problems of their supply chain. It highlighted
that most of their problems lied in internal processes and not merely in relations with
suppliers, as they thought from the beginning. By working on improving internal
processes first, before moving on to external processes, the companies saw immed iate
improvements.
The lead time tree model is an operations management tool which defines and illustrates
the process of producing tangible products by presenting the bill-of-material in a lead
time-phased product structure, forming a visualization of the supply lead time. By using
the tool, it is possible to see how the individual lead times for each component of the
product are correlated and summed up into a total supply lead time, thereby being able
to use it as a tool when working on project planning, and on shortening the supply lead
time.
1.2

Problem description

The original lead time tree model enables keeping track of production lead time and is
a useful tool for time planning of standardized products. However, the original lead
1
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time tree model does currently not cover lead times of customized products, as these
products need work on immaterial engineering activities, prolonging the lead time to
customer compared to standardized products.
Companies that merely focus on material activities in their order fulfillment processes
risk making substantial errors in time and cost predictions for orders on customized
products, impacting both quotation and execution work. Such errors may lead to
delayed deliveries, budget overruns and resource shortages, ultimately resulting in
reduced customer satisfaction and strained company finances. Only focusing on
material activities when trying to improve the order fulfillment processes themselves,
also results in lost potential for improvements within immaterial activities. It is
therefore of the highest importance for manufacturing companies to keep track of total
lead times.
A visualization of all lead times of the order fulfillment process, including both material
activities and immaterial activities, would be of value when working on improveme nts.
Potential of creating such a visualization is detected in the lead time tree model, where
the foundation of the model could be adapted to not only include material activities, but
also immaterial activities.
Using the lead time tree model to create a tool for visualizing order fulfillme nt
processes, with focus on ETO products, would be to expand the view out from the
material activities that the lead time tree model is focused on originally, and see the
material activities as one part of the whole chain of activities within the order fulfillme nt
process. The original lead time tree model would still be a very valuable tool when
looking at material activities at a deeper level, and an adapted version of the lead time
tree model, which also includes immaterial activities, would look at the order
fulfillment process from a higher viewpoint.
1.3

Aim and research questions

As is said in the problem description, a potential new area of use for the lead time tree
model is detected in creating a lead time tree model that could visualize the immater ia l
activities of an order fulfillment process for ETO products. Once adapted, it could be
of interest to research additional uses of the lead time tree model. The aim of this study
is thereby:
To create a lead time tree model that can visualize the immaterial activities of an
order fulfillment process for ETO products, and thereafter investigate additional
areas in which this lead time tree model can be used.
As the lead time tree model is originally created for tangible material activities, an
assumption is made that some changes need to be made to the model in order for it to
be able to handle non-tangible immaterial activities. This leads to the first of two
research questions, which need to be answered in order to fulfill the aim of the study:
RQ1. What needs to be adapted in the lead time tree model for it include
immaterial activities of an order fulfillment process for ETO products?
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As the original lead time tree model has additional areas of use within improveme nt
work, project management, and communication, it is interesting to see if an adapted
model has the same capabilities. This leads to the second and last research question:
RQ2. Within order fulfillment processes for ETO products, how can the adapted
lead time tree model be used in further areas, in addition to visualizing
immaterial activities?
Crossing the findings from the two research questions should provide a comprehensive
view of the lead time tree model as a tool to visualize the immaterial activities of an
order fulfillment process.
1.4

Scope

The focus of this study is how the lead time tree model can be adapted to visualize
immaterial activities within order fulfillment processes for ETO products. The process
of developing ETO products has more immaterial activities than other manufactur ing
strategies, as production for ETO products needs to be preceded by engineer ing
activities. Order fulfillment processes and ETO products have been chosen as the scope
of the study in order to investigate an industrial field containing multiple immater ia l
activities, since this exam work is conducted within the subject area of production
systems. However, the differences in properties are probably not that large between
immaterial activities in order fulfillment processes and other immaterial activities,
regardless of if the processes are conducted within manufacturing industry or any other
business. Hereby follows that the results of this study should be applicable to other
business areas as well.
The original lead time tree model is in this study intended to be adapted to include
immaterial activities within order fulfillment processes. However, order fulfillme nt
processes often include material activities as well. Material activities will be taken into
account when creating a lead time tree, but from a higher viewpoint than in the origina l
lead time tree model. Production and other material activities will be included as
activities, interacting with the immaterial activities.
Immaterial activities in the study are defined as both active and non-active activities,
regardless of if they are handled by a person or a machine.
The study uses experience based data from a case company and theoretical data from
existing literature. It is not within the scope of this study to expose the adapted lead
time tree to a real life project.
1.5

Outline

This master’s thesis is divided into five chapters, with this introductory chapter as the
first one. The second chapter Theoretical background, presents theory on which the
study is based, in order to provide a deeper understanding about the original lead time
tree model, the context for immaterial activities and their lead time within
manufacturing industry, and concepts which regard immaterial activities. The third
chapter Method and implementation, describes how the study has been conducted. The
fourth chapter Findings and analysis, covers the finding of the study, analyzed towards
the literature study and the empirical study. The result of the fourth chapter is an adapted
3
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version of the lead time tree model, which takes immaterial activities into account. The
last chapter Discussion and conclusions, presents a discussion and evaluation of the
research and its results.

4
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2 Theoretical background
The following chapter presents the theories on which the study is based. The chapter is
divided into three parts: context for immaterial activities and their lead times within
manufacturing industry, information about the original lead time tree model, and
concepts used to regard immaterial activities.
2.1

Context for immaterial activities and their lead times within
manufacturing industry

This sub-chapter provides theory regarding the context for how immaterial activities
and their leads times are correlated within manufacturing industry.
2.1.1 Engineer to order
Engineer to order, ETO, is a manufacturing strategy where the products are unique ly
designed and produced for the individual customer, i.e. purely customized. (Mattsson,
1987; Lampel & Mintzberg, 1996; Hilletofth, 2009; Cannas, Pero, Rossi & Gosling,
2018). The ETO strategy facilitates the customers to be closely involved in the decision
making of the product, as all decisions regarding the product are made after the
customer order is made. However, this also results in long lead times from the
customer’s perspective, as no activities in the order fulfillment process are performed
before the customer order is placed (Cannas, Pero, Rossi & Gosling, 2018; Rudberg &
Wikner, 2004).
Figure 2.1 can be used to understand the ETO strategy, which shows different positions
of the CODP and the resulting manufacturing situations. CODP stands for customer
order decoupling point, which is the point in the product development process from
where the activities goes from being done according to forecast to being done according
to customer order (Wikner & Rudberg, 2005). When the ETO strategy is used, the
CODP is placed at the very beginning of the order fulfillment process, see Figure 2.1.
This means that all activities in the order fulfillment process, from the engineer ing
phase (design of the product) to delivery, are executed according to customer order
(Bäckstrand, 2012; Cannas, Pero, Rossi & Gosling, 2018, Rudberg & Wikner, 2004).
What should be noted is that ETO products also can contain standardized components
(Bäckstrand, 2012).
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Figure 2.1 The relationship between ETO and its CODP, based on Cannas, Pero, Rossi and
Gosling (2018)

Figure 2.1 shows a linear approach to the CODP concept, which is the most commonly
used way to explain CODP and the manufacturing strategies. However, this linear
approach does not fully differentiate between engineering and production-related
activities. In 2004, Rudberg and Wikner developed a two-dimensional CODP space,
see Figure 2.2, which takes both the engineering and production dimensions of
manufacturing into account, showing the differences between them. In the twodimensional CODP space, ETO is placed at one extreme point of the engineer ing
dimension, the vertical axis. This means that the product is both designed and
engineered to order, and the production dimension of the order fulfillment process can
therefore only begin after the engineering dimension is finished, i.e. the production
dimension of ETO use the strategy make-to-order, MTO. The CODP of ETO products
is therefore placed at the tuple of ETO ED and MTO PD, where ED stands for ‘engineer ing
dimension’ and PD stands for ‘production dimension’, shown in Figure 2.2 as [ETO ED,
MTOPD].
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Figure 2.2 The relationship between ETO and its two-dimensional CODP, based on Rudberg
and Wikner (2004)

The two-dimensional CODP space is chosen to illustrate ETO in this study, as the
immaterial activities discussed in this study are all part of the engineering dimension of
the order fulfillment process. An adapted lead time tree model that can illustrate
immaterial activities would therefore be more of help within the engineering dimensio n
than the production dimension. The original lead time tree model can already facilitate
the needs of illustrating lead times in the production dimension, as this dimension is
purely focused on production related activities.
2.1.2 Order fulfillment process
An order fulfillment process is, as previously stated, defined as “the chain of events
from the moment the customer places an order, to the moment the order is fulfilled ”
(APICS, 2017). Which functions that are included in the order fulfillment process
depends on the type of manufacturing strategy that the company is producing according
to, i.e. ETO, MTO, ATO, MTS et cetera. When the company is using ETO, most of the
functions within both the engineering dimension and the production dimension of
product development are performed within the scope of the order fulfillment process,
as the products are both engineered and produced after the customer has placed the
order (Gosling, Hewlett & Naim, 2017).
The extent of the order fulfillment process towards the customer depends on the type
of Incoterms rule being followed. There are seven Incoterms rules according to
Incoterms® 2010, where the Incoterms rule ‘ex works’, EXW, implies the least amount
of responsibility as possible for the seller regarding distribution, and ‘delivery duty
paid’, DDP, implies the most responsibility as possible for the seller regarding
distribution. When a company is using EXW, distribution lies outside the scope of the
order fulfillment process. EXW means, according to Incoterms ® 2010, that the buyer is
responsible for transportation from the point in time that the seller places the goods at
the disposal of the buyer at the seller’s premises i.e. warehouse, factory et cetera. This
7
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means that the seller is not responsible for loading the goods onto any collecting
vehicle, nor does the supplier need to, when applicable, clear the goods for export.
When a company is using DDP, distribution lies within the scope of the order
fulfillment process. DPP means that the seller is responsible for transportation as well
as to clear the goods for both export and import, pay any duty for both export and
import, and carry out all customs formalities. The customer is responsible for unloading
the goods at the named place of destination. (International Chamber of Commerce,
2010)
2.2

The original lead time tree model

This sub-chapter provides a deeper understanding about the original lead time tree
model and its areas of use. The reference for this sub-chapter is Bäckstrand (2012)
unless nothing else is stated. A fictitious example of an end product called ‘Product Z’
will be used to explain and illustrate the lead time tree model in this sub-chapter.
Note regarding terminology
The ‘lead time tree’ is in the study by Bäckstrand (2012) originally named ‘time-phased
product structure’, due to its visualization and addition of lead time to a product
structure. The term ‘time-phased product structure’ is in this study exchanged to the
term ‘lead time tree’, as this term allows extension to include immaterial activities. Lead
time tree is also the term commonly used by the companies included in Bäckstrand’s
study, the companies and organizations that have used the tool after the publication of
the study, and by Bäckstrand herself. The decision to use the term lead time tree model
from the very beginning of this report is to not confuse the reader by using two terms
for the same model.
2.2.1 Creating a lead time tree
A lead time tree for a product is based on the information found in the end product’s
product structure and bill-of-material, together with the lead times of its components
(Clark, 1979). A description of how to create a lead time tree step-by-step is presented
in the following sections.
2.2.1.1 Product structure
The product structure shows the content of the end product and specifies the order of
production and assembly of its components. The product structure can be illustrated as
a tree, which can be seen in Figure 2.3, where an example of a product structure for
Product Z is shown. Y-Q refers to the components included in Product Z.
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Figure 2.3 An example of a product structure, based on Bäckstrand (2012)

The format of the product structure determines how complex the end product is, and
the product structure’s depth and width is crucial for its complexity. Each node in the
structural tree, defined as a point in the structure where components intersect or branch,
is a planning point, for example where components Y, X, and W intersect into Product
Z. The deeper the structure you have, the more planning points there are. The structure
depth thus influences the administrative effort required to control the product's material
flows. With a deep structure, longer lead times follow. Each planning point involves
administration and causes lead time supplements. The deterioration in the transparency
and the increased complexity of material flows that follow with deep structures also
prolongs the total lead times for producing the product. The complexity of an end
product from a width perspective refers to how many articles that are included in each
structure level. Broad structures mean that many articles must be available at the same
time in order to start production at the overlying structure level. (Jonsson & Mattsson,
2016)
2.2.1.2 Bill-of-material
The bill-of-material lists the information given in the product structure, as well as more
detailed information regarding the origin of each component. Components are in
Bäckstrand (2012) referred to as ‘items’, why the ‘item’-term will be used in the tables
of this sub-chapter. As can be seen in Table 2.1, which is an example of a bill- ofmaterial for Product Z, the components are differentiated between if they are
manufactured, purchased or sub-assembled. The last level of the bill-of- material is
always constituted by purchased components.

9
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Table 2.1 An example of a bill-of-material, based on Bäckstrand (2012)
Item ID

Item type

Z

End product
Y

Sub-assembly
V

Purchased

U

Purchased

X

Sub-assembly
T

Purchased

S

Purchased

R

Purchased

W

Manufactured
Q

Purchased

2.2.1.3 Lead time table
When information regarding lead times for each component and sub-assembly is added
into the bill-of-material, it turns into a lead time table. An example of a lead time table
for Product Z can be found in Table 2.2. Lead times are divided into external lead times
for purchased components, and internal lead times for manufactured components and
sub-assemblies. A column for additional lead times is also added to the table if needed,
if there are any delivery and/or production limitations that must be taken into account,
such as safety lead time, time-to-storage, time marked for quality control, or deliver ies
with a scheduled frequency. The column of additional lead time can be re-named to fit
the nature of the lead time in question.
Table 2.2 An example of a lead time table, based on Bäckstrand (2012)
External
lead time
[time unit]

Internal
lead time
[time unit]

Item ID

Item type

Z

End product

2

Sub-assembly

2

Y
V

Purchased

3

U

Purchased

5

X

Sub-assembly
Purchased

9

S

Purchased

2

R

Purchased

5

Manufactured
Q

Purchased

1
1

T

W

Additional
lead time
[time unit]

3
6

The lead time tree model merges information from e.g. purchasing and production into
a single table, information that is normally held separated. This facilitates people from
all parts of the company to understand the overall set-up of the product’s lead time. The
fact that the lead time tree model presents if the respective lead times are internal or
external, it thereby shows which actor can influence the lengths of those lead times.
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2.2.1.4 Supply lead time table
The lead time table provides a compilation of information from different parts of the
company, but it does not present any new information about the lead times. By
expanding the table to a supply lead time table, see Table 2.3, new information about
the lead times can be read that previously had not been accessible, regarding when
purchasing or production need to be initiated in order to keep the end product time plan.
Table 2.3 An example of a supply lead time table, based on Bäckstrand (2012)
External
lead time
[time unit]

Internal
lead time
[time unit]

Additional
lead time
[time unit]

Supply
lead time
[time unit]

Item ID

Item type

Z

End product

2

2

Sub-assembly

2

4

(2Z +2)

7

(4Y +3)

10

(4Y +5+1)

3

(2Z +1)

Y
V

Purchased

3

U

Purchased

5

X

1

Sub-assembly

1

T

Purchased

9

12

(3X+9)

S

Purchased

2

5

(3X+2)

R

Purchased

5

8

(3X+5)

5

(2Z +3)

11

(5W +6)

W

Manufactured
Q

Purchased

3
6

The supply lead time represents the time from component initialization until finalized
production of the end product. The supply lead time for the individual component is
calculated based on the supply lead time of its parent component, the internal or external
lead time of the individual component, and the additional lead time of the individ ua l
lead time if any, see Table 2.3. The calculation of the supply lead time for each
component is indicated in brackets, and the parent component’s supply lead time is
indicated with its component ID in lower-case letters.
2.2.1.5 Supply lead time compilation table
The supply lead times of the components can be compiled into a supply lead time
compilation table, where the components are sorted in timely consecutive order, see
Table 2.4. This table provides a simple overview of in what order and when purchasing
or production needs to be initiated for each component to be able to keep the time plan
for the end product, and is therefore a useful tool for planning purposes.
Table 2.4 An example of a supply lead time compilation table, based on Bäckstrand (2012)
Supply
lead time
[time unit]
Item ID

12

11

10

8

7

5

4

3

2

T

Q

U

R

V

S
W

Y

X

Z
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2.2.1.6 Lead time tree
As earlier mentioned, the lead time tree model combines information from the end
product’s product structure and bill-of- material, and each component’s lead time
through the supply lead time table. The lead time tree model can, easily explained, be
compared to a product structure that has been tilted 90 degrees, where the length of
each line corresponds to the lead time of each individual component, see Figure 2.4.
The lead time tree model can therefore easily visualize how long it takes to produce the
end product, as well as how the different components relate to each other in the end
product.

Figure 2.4 An example of a lead time tree, based on Bäckstrand (2012)

The lead time tree is created with backwards planning where the point in time when the
end product is completed is set to zero (0). The horizontal axis represents the number
of time units before completion of the end product that the components need to be
purchased or manufactured. The component’s individual lead time is illustrated with a
correspondingly long line, and marked with its component ID. As can be seen in the
supply lead time table, see Table 2.3, Product Z needs two time units for its final
assembly. The length of line Z in the lead time tree, see Figure 2.4, therefore
corresponds to that lead time of two time units.
2.2.2 Using the original lead time tree model for analysis
The fact that the lead time tree model visualizes the lead time for the end product and
all its constituent components in such a simple, easy-to-understand and fact-based way,
makes it a useful tool for identifying and analyzing the end product's structure, both in
terms of components and lead time (Bäckstrand, 2012). The visualization makes it easy
to see and understand the magnitude of the lead times (Wikner, 2014). We can see in
the lead time tree in Figure 2.4 that the cumulative lead time for the components and
sub-assemblies T, X and Z results in the longest total lead time for Product Z, in this
case 12 time units. This total lead time constitutes the duration of the process and is
called the critical path, which will be further explained below in Chapter 2.2.2.1. The
visualization of the critical path makes it easier to see where focus should be placed in
order to reduce lead times, as well as to identify waste in the flow (Wikner, 2014).

12

Theoretical background
The lead time tree model has also proven to be a useful tool for root-cause analysis. The
visualization of lead times for the end product and its constituent components, and the
understanding the visualization entails, aids systematic problem identification of the
order fulfillment process. In such cases, root-causes can be identified and decisions
regarding these can be fact based (Bäckstrand & Engström, 2017).
2.2.2.1 The critical path
The critical path is the series of successive activities in a process that requires the
maximum time, which thereby gives the duration of the process (Butterfield & Ngondi,
2016; Park & Allaby, 2017). Activities on the critical path are called critical activities.
Delays of critical activities delay the total lead time of the process, and subsequently,
expedited critical activities speed up the process. Activities that are not on the critical
path do not affect the duration of the process, if their delays do not exceed the duration
of the critical path (Wong, 1964).
2.2.3 Using the original lead time tree model as a boundary object for
communication
Information within a company is often kept locally and is not openly shared between
different functions, which thereby complicates understanding of each other’s priorities
and limitations. The lead time tree model combines this previously separated
information into a single source of information, and the process of making the lead time
tree forces the different functions of the company to work interdisciplinarily. The lead
time tree model therefore works as a boundary object, a mediating tool between
interdisciplinary functions (Bäckstrand & Engström, 2017).
The lead time tree model fulfills the characteristics of an effective boundary object that,
according to Carlile (2002, cited in Bäckstrand & Engström, 2017), a boundary object
needs to fulfill: “establish a shared language for individuals to present their knowledge,
provide a concrete meaning for individual to learn about differences and dependencies
across a given boundary, and facilitate a process where individuals can reflect together
and transform their knowledge jointly”. The lead time tree model has proved to be a
useful boundary object for the companies that participated in Bäckstrand's (2012) study.
The people involved expressed new understandings in several fields. People from
different departments within the companies could identify their part of the production
as part of a chain. Departments that previously did not communicate in such a way have
established a common language and have started to contact each other to see how
changes in the own department affect the rest of the company. The lead time tree model
has also been a tool for mediation in contact with suppliers, to show how the suppliers'
lead times affect the focal company's ability to deliver to the end customer.
2.3

Concepts used to regard immaterial activities

This sub-chapter presents theory that supports immaterial activities, as opposed to
material activities.
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2.3.1 Cross-functional flow chart
Cross-functional flow chart, also called function flow chart or swim lane flow chart, is
a method often used to map and illustrate flows of immaterial activities. The method is
described in several works of reference, for example in Petersson, Johansson, Broman,
Blücher and Alsterman (2009) and in Jonsson and Mattsson (2016). The crossfunctional flow chart creates a clear visualization of the whole chain of events within a
process flow, as it shows the activities that take place, in what order they do so, and
who are responsible for executing them. An example of a cross-functional flow chart
can be found in Figure 2.5.
Process ID
Function X

Function Y

Function Z

Activity

Activity

Activity

Activity

Activity

Activity

Figure 2.5 An example of a cross-functional flow chart

A cross-functional flow chart visually distinguishes the process flow between the
functions (often departments, professions, or individuals) involved in the process and
highlights the transitions between these functions. Each function in the mapped process
is represented by a labeled lane, and every activity in the process is marked in order of
time in the corresponding lane, connected by arrows, see the example flow chart in
Figure 2.5. Documentation and other information that is a part of the mapped process
are linked to respective activity. A cross-functional flow chart therefore clarifies what
participants a process has, their respective responsibilities, and the informatio n
transferred (Petersson et al., 2009). In all, the cross-functional flow chart is useful when
mapping a process flow, and to identify its scope and level of complexity. This makes
it into a useful tool for communication between functions (Jonsson & Mattsson, 2016).
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3 Method and implementation
With presentations of the underlying objectives of research and reasoning style, this
chapter provides detailed explanations and descriptions of the process of research,
including data collection techniques and methods for data analysis, as well as a
discussion regarding the research quality of this study.
3.1

Objectives of research and reasoning style

There are, according to Wacker (1998), two general objectives of research: theorybuilding and fact-finding. The purpose of theory-building research is to build an
integrated body of knowledge to be applied to many instances, while the purpose of
fact-finding research is to build a lexicon of facts that are gathered under specified
conditions. The aim of this study, “to create a lead time tree model that can visualize
the immaterial activities of an order fulfillment process for ETO products, and
thereafter investigate additional areas in which this lead time tree model can be used”,
is, with these two objectives of research in mind, thereby based on theory-build ing
research.
Theory-building research can be executed in two different ways, analytically or
empirically, where analytical research uses deductive methods to build theories and
empirical research uses inductive methods to build theories (Wacker, 1998). This study
has mainly been conducted with a deductive reasoning style, which is linked to the
hypothesis-testing approach to research (Williamson, 2002). The study has been
grounded in theory and matched with empirical data, which means that the study has
been conducted according to a deductive reasoning style with some inductive input.
This ratio between deductive and inductive has however not been as large as to call it
abductive.
One way of analytical theory-building is analytical conceptual research, as described
by Wacker (1998). The purpose of analytical conceptual research is to add new insights
into traditional problems through logical relationship-building. The aim of this study
has been to develop an analytical conceptual model by logical reasoning and patternmatching between theoretical and empirical data.
3.2

Research process

The research process of this study started with a feasibility study in order to frame the
research problem. The feasibility study started with several conversations with
Bäckstrand, whose research this study is based on, about the lead time tree developed
by her and the possible development that the model could have towards being useable
for immaterial activities. The doctoral dissertation by Bäckstrand from 2012, where the
lead time tree model was presented, has in adjunction to this been deeply investigated.
A literature review has been conducted to investigate if something similar to this study
had been done in the past, which the literature review showed no signs of. Within the
feasibility study, conversations have also been held with the case company of this study
about the idea of the lead time tree model being adapted to also include immater ia l
activities, and their view on if and how the adapted model could be useful for them and
their processes.
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The research process continued with identifying what needed to be adapted in the lead
time tree model for it to also include immaterial activities. Input from the case company
has been studied simultaneously with the lead time tree model, to identify parts of the
model that needed to be adapted for the model to be able to handle immaterial activities.
Empirical data from the case company has been used within the study to base the
adaption of the lead time tree model on how an order fulfillment process for ETO
products works in real life. Data retrieved from discussions with key personnel at the
case company, as well as from a process map of an order fulfillment process from the
case company, has been used to create the adapted lead time tree model.
The data gathered during the study and the output created within the study have been
analyzed continuously throughout the research process.
3.3

Data collection

The data collection of this study is divided into two parts: a literature study and an
empirical case study. These are explained further in the following sections.
3.3.1 Literature study
A brief literature review has been conducted during the feasibility study, to see if
something similar to this study had been done before. A search for publications that had
cited Bäckstrand (2012) has been conducted at the citation databases Scopus and
Google Scholar. On March 15th 2019, Scopus showed no results for Bäckstrand (2012),
while Google Scholar had 16 hits. The abstracts of the 16 publications found through
Google Scholar have been investigated to see if they were relevant, and none of these
had analyzed Bäckstrand’s (2012) research in a similar way that has been done in this
study.
The literature studied during this study has mostly been retrieved with a citation pearl
growing technique, with references from Bäckstrand’s (2012) doctoral dissertation and
other sources seen as relevant, as well as recommendations from Bäckstrand herself
and literature from the master’s program. Literature has also been searched for within
subjects such as engineering to order, order fulfillment process, lean administratio n,
flow chart, and project planning. Results from the literature study have been limited to
publications written in English and Swedish.
3.3.2 Empirical case study
An empirical case study at a case company has been conducted within this study to
retrieve data regarding how a real life order fulfillment process for ETO products can
look like, and to investigate what challenges the company faces with lead times for
ETO products. The case company and the collection of empirical data are further
presented in the following sections.
3.3.2.1 The case company: Kongsberg Maritime Sweden AB, previously RollsRoyce AB
The case company in this study has been Rolls-Royce AB and more specifically the
division Rolls-Royce Commercial Marine, located in Kristinehamn, Sweden. On April
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1st 2019, Rolls-Royce Commercial Marine became acquired by Kongsberg Gruppen
ASA and the division thereby changed name to Kongsberg Maritime Sweden AB. The
company manufactures propulsion products for offshore and merchant vessels and oil
and gas platforms, such as propellers, water jets, thrusters, and maneuvering systems.
The plant in Kristinehamn has 240 employees, of which 230 are white-collar workers
and 10 are blue-collar workers. Almost all products produced by the company are ETO
products. The production process, excluding assembly, is out-sourced to a variety of
different suppliers, and focus is subsequently on research and development, customer
specific engineering, procurement, and in-house product assembly. This made the
company a suitable case company for this study, as the products are customized and
engineered to order, and the order fulfillment processes within the company is mostly
conducted by white-collar workers through immaterial activities.
3.3.2.2 Data collection at the case company
Discussions with key personnel at the case company have been held throughout the
study. The discussion has resulted in information about their struggles with lead times
for ETO products, their view on the lead time tree model, as well as problems and tasks
that they would like the adapted lead time tree model to consider.
A standardized process map of an order fulfillment process has also been gathered at
the case company. The process map has provided useful information on how a real life
order fulfillment process for ETO products can look like, regarding its structure and
activities, and has been used for the creation of the adaption of the lead time tree model
in this study.
3.4

Analysis of data

The basis of this study has been the doctoral dissertation by Bäckstrand (2012) and the
lead time tree model in particular. The original lead time tree model has been analyzed
towards theoretical data retrieved from a literature study within the analytica l
conceptual research, and empirical data retrieved from an empirical case study at the
case company. As can be seen in Figure 3.1, the lead time tree model has passed through
the theoretical and empirical data, to form a lead tree model, adapted to include
immaterial activities.
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Figure 3.1 Data analysis used for this study

The analysis of data is presented in Chapter 4, where the theoretical and empirical data
are joined to create the adapted lead time tree model.
3.5

Research quality

Two factors that can indicate the quality of a study are validity - that the study truly
investigates what it is intended to, and reliability - that the study can be repeated with
consistent results (Williamson, 2002; Yin, 2007).
It is often recommended to strengthen the validity of a study through triangulation (Yin,
2007), which can be done by using several sources of information and data collectio n
techniques. Triangulation regarding sources of information has been executed as much
as it has been possible, as the lead time tree model is a relatively new research.
References from the doctoral dissertation by Bäckstrand (2012) have been studied and
checked, to investigate that the theory which the original lead time tree model is based
on has been used and interpreted in a correct way. Using both a literature study and an
empirical case study have contributed to data collection triangulation regarding the
input used to shape the lead time tree model. Both theoretical and empirical data are
needed for the adapted lead time tree model to be useful.
The study has been conducted with a close relation to Bäckstrand herself. This relation
has resulted in a study that is closely linked to the original research, as well as the
interpretation of the lead time tree model being endorsed by the person who created it.
The reliability of the study is strengthened as the research process has been thoroughly
described in this chapter. A replicated study would however require a similar contact
with Bäckstrand as has been the case in this study, to be able to repeat it with consistent
results.
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4 Findings and analysis
This chapter is initiated with a presentation of the data gathered from the empirical case
study. Furthermore, an analysis of the theoretical background and empirical case study
is presented, which results in an adapted version of the lead time tree model, together
with a sub-chapter on the ways the lead time tree model can be used for analysis and
communication.
4.1

Findings from the empirical case study

Discussions with key personnel at the case company resulted in information regarding
how lead times in order fulfillment processes for ETO products are viewed from both
an external and internal standpoint.
When it comes to ETO products, purchases usually start with different companies
submitting quotes that the customer chooses from. The quotation contains price
proposals and sketches of the products. The CODP is therefore placed after the
customer has approved the company's quotation, and sketches of the products are then
available when the order fulfillment starts. Price is an order winner, but the proposed
lead time is also vital for the decision of which company the customer chooses to
contract. As soon as the customer decides on which company they want to contract,
they want the process to go fast and the lead times to be short. The case company
experienced that demands to shorten lead times pose a challenge, and that one can lose
orders because of not being able to deliver within the desired lead time.
With shorter lead times also comes lesser tied up capital. Postponing purchases as well
as man-hours as late as possible is therefore something that the case company strive s
for. This is something that will be taken into consideration when creating the adapted
lead time tree model. Activities of immaterial activities should therefore be planned to
be initiated as late as possible during the length of the order fulfillment process.
However, this does not mean that all activities should be postponed until the last minute,
but that the latest initiation of the activity should be stated when planning the process.
A problem regarding project planning is how to plan a project when the resources are
shared with other on-going projects. A tool that allows interdependencies would aid
such project planning.
Studying the process map of a standard order fulfillment process at the case company
provided valuable information of how immaterial activities work. The informatio n
regarding this will be discussed continuously in the following sub-chapters, where the
process of creating a lead time tree model adapted to include immaterial activities is
followed.
4.2

Adapting the lead time tree model to include immaterial activities

This sub-chapter presents the steps of creating a lead time tree adapted to include
immaterial activities. The original lead time tree model and the theory behind it,
described in Chapter 2.2, is the basis of the adaption. The lead time tree model is
analyzed towards the theoretical background and the information obtained from the
empirical case study about immaterial activities for ETO products in an order
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fulfillment process. A fictitious example of an order fulfillment process will be used to
illustrate the creation of an adapted lead time tree model in this sub-chapter, which will
be called ‘Order Fulfillment Process X’.
As is discussed in Chapter 2.1.2, the scope of the order fulfillment process towards the
customer depends on the type of Incoterms rule being used. This information therefore
needs to be considered when creating each lead time tree, as the lead time tree will
include different amount of activities depending on Incoterms rule.
The order fulfillment process is assumed to begin directly after the order has been made
by the customer.
4.2.1 Process mapping
According to Bäckstrand (2012), the first step in making a lead tree for material
activities is to map the product and its components into a product structure. As material
activities and immaterial activities are structured in different ways, the way the product
structure can draw the relationships between the constituent components cannot satisfy
the needs of mapping processes. A corresponding way of mapping immaterial activities
is to use a process map, which is a technique that meets the differences between the
structure of a product and the structure of a process. The type of process map that is
used in this study is the cross-functional flow chart described in Chapter 2.3.1.
Figure 4.1 below shows Order Fulfillment Process X, mapped into a cross-functio na l
flow chart. The structure of the order fulfillment process is inspired by the process map
that has been studied at the case company, and shows different types of scenarios that
an order fulfillment process can comprise. The example in Figure 4.1 will be followed
in the remainder of this chapter.
Order Fulfillment Process X
Function A

Function B

Function C

Function D

1

2

3

4

6

5

7

8

9

10

12

11

Figure 4.1 Cross-functional flow chart for Order Fulfillment Process X
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As can be seen in Figure 4.1, cross-functional flow charts and product structures are
relatively similar to their appearance and in their structure, and they fulfill the same
function, i.e. to show the relationships between the included activities. Cross-functio na l
flow charts can also show which function that is responsible for each activity, which is
shown by its lanes. Both internal and external functions can be displayed in this way in
a joint cross-functional flow chart. Function D in Figure 4.1 is an external function. An
activity can also involve several functions, which is illustrated by an activity that
extends over the functions/lanes involved, see Activity #2 in Figure 4.1.
The most significant difference between product structures and cross-functional flow
charts is the arrangement in which the flow is illustrated. For product structures, the end
product is shown as the starting point, Product Z in Figure 2.3, and its constitue nt
components are presented in descending order below it. This method is not suitable for
illustrating processes. Instead, cross-functional flow charts show the first activity of the
process as a starting point and its subsequent activities in timely consecutive order, i.e.
in reverse order from product structures.
A difference between mapping the constituent components of a product compared to
mapping activities in a process is that an activity in a process does not have to lead
directly to another activity, see Activity #7 in Figure 4.1. That branch of the process is
therefore broken with its last activity. Examples of such activities could be to write a
project plan that needs to be available during the course of the project, or that a delivery
confirmation must be sent to the customer, without the activity of writing the documents
leading to new and subsequent activities.
4.2.2 Lead time table
In Chapter 2.2.1, it is described step-by-step how a supply lead time table is created for
material activities and their constituent components. This supply lead time table forms
the basis of the adapted lead time table, which will be used here to list the process'
constituent activities and their respective lead times. The term ‘lead time table’ will be
used hereafter to refer to the lead time table used for immaterial activities.
There have been some changes that needed to be made to the supply lead time table for
it to fit immaterial activities. First, the supply lead time table listed the components with
an indented hierarchical list to show the hierarchy and relations between components,
with the end product at the top and as a starting point. This hierarchical indented list
does not fit when listing immaterial processes, as immaterial activities are most easily
listed with the first activity of the process as a starting point, and the following activities
in a timely consecutive order, which is the opposite from listing products and its
components in a parent-child relationship. The order of the activities is therefore
included in the lead time table with the help of two columns, the activity’s predecessors
and successors.
Another change needed to be made to the supply lead time table, was to include a
column that lists which function that is responsible for each activity, as this informatio n
is important when handling immaterial activities.
Instead of separating external and internal lead time, which is done in the origina l
supply lead time table, external activities are in the lead time table marked with a grey

21

Findings and analysis
row. This makes it easy to see which activities that the company control directly, and
which activities that are in the hands of external actors. Removing the column for
external lead times also saves space in the lead time table.
The column ‘supply lead time’ in the supply lead time table needed to be renamed to
include immaterial activities. This column is therefore named ‘cumulative lead time’ in
the lead time table.
An example of a lead time table for Order Fulfillment Process X is presented in Table
4.1. The lead time table compiles the following information:
 The activity’s ID.
 A description of the activity, including what is meant to be performed during the
activity and whether the activity is internal or external.
 The function responsible for the activity.
 The predecessor of the activity, i.e. the activity/activities that needs to be finis hed
before the activity can be initiated.
 The successor of the activity, i.e. the activity/activities that can be initiated as
soon as the activity is finished. This information is needed when calculating the
cumulative lead time.
 The latest time unit for completion of the activity. An activity could have a
date/other time unit when it must be finished, which should be noted here.
 The lead time of the activity. The lead time of the activity includes the whole lead
time for the activity to be finished, including non-value adding time.
 The cumulative lead time of the activity. The cumulative lead time for immater ia l
activities and material activities is calculated differently than for materia l
activities alone. The cumulative lead time for an activity is calculated by adding
the activities lead time with its successor’s cumulative lead time. If an activity
has multiple successors, the successor with the longest lead time is the one added.
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Table 4.1 Lead time table for Order Fulfillment Process X
Latest
Activity Activity
Responsible Predecessor Successor [time unit]
ID
description function
activity ID
activity ID of
completion

Lead
time
[time
unit]

Cumulative
lead time
[time unit]

1

Internal

A

-

2

2

16 (2+142)

2

Internal

A, B, C

1

3, 4, 5

2

14 (2+124)

3

Internal

A

2

9

2

8 (2+69)

4

Internal

B

2

6, 7

3

12 (3+96)

5

Internal

C

2

8

2

10 (2+88)

6

Internal

B

4

9

3

9 (3+69)

7

Internal

B

4

-

1

6 (1+5)

8

External

D

5

10, 12

4

8 (4+410/12)

9

Internal

B

3, 6

11

4

6 (4+211)

10

Internal

C

8

11

2

4 (2+211)

11

Internal

A

9, 10

-

2

2

12

Internal

C

8

-

4

4

5

To clarify, the cumulative lead time for Activity #8 in Table 4.1 is calculated as 4+410/12.
10/12 means that the cumulative lead time for both Activity #10 and #12 is equally long
and that either one of these could have been used to calculate the cumulative lead time
for Activity #8. The cumulative lead time for Activity #7 is calculated as 1+5, which is
the sum of its lead time and latest time unit of completion.
Additional columns may be added to the lead time table, if there is additiona l
information about the process or activities that needs to be taken into consideratio n
when creating the lead time tree.
Sometimes there is the possibility for activities in an order fulfillment process to be
initiated in the middle of another activity. In order to show this in the lead time tree, it
is recommended to divide the previous activity into two parts, where the subsequent
activity can be initiated when part one of the first activity is completed. By dividing the
activity like this, it clarifies exactly what needs to be done in the previous activity in
order for the next one to be able to start, as well as it enables the illustration of the lead
time tree to be kept as simple as possible.
4.2.2.1 Cumulative lead time table
A supply lead time compilation table, which is described in Chapter 2.2.1.5, can be used
for immaterial activities in the same way as it is used by Bäckstrand (2012), simply by
being re-named to ‘cumulative lead time table’. Table 4.2 below presents the
cumulative lead time from Table 4.1 in a compiled table, where only the activities’ ID
and the respective cumulative lead times are presented.
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Table 4.2 Cumulative lead time compilation table for Order Fulfillment Process X
Cumulative
lead time
[time unit]

16

14

12

10

9

8

6

4

2

Activity ID

1

2

4

5

6

3
8

7
9

10
12

11

The cumulative lead time compilation table can be used as a stand-alone tool for
planning purposes, as it provides a compilation of the important time units of initiatio n
for the activities.
4.2.3 Lead time tree
The lead time table compiles all the data needed to create a lead time tree for immater ia l
activities. As the lead time table contains more data than the ‘supply lead time table’
does, together with the fact that immaterial activities often are more complex in their
structures than material activities are, the lead time table has therefore been chosen to
be included in the lead time tree, as a running list below the lead time tree, see the
example of the lead time tree for Order Fulfillment Process X in Figure 4.2. Having the
lead time table adjacent to the lead time tree makes the lead time tree easier to
comprehend.

Figure 4.2 Lead time tree for Order Fulfillment Process X
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There are several differences between creating a lead time tree for material activities
and for immaterial activities. The decision to initiate all activities as late as possible
during the process, further described in Chapter 4.1, needs to be kept in mind when
creating and analyzing the lead time tree.
The largest difference between creating a lead time tree for material activities and for
immaterial activities, is that the number of lead time lines in the lead time tree can
increase along the axis of time, i.e. the lead time tree can receive a larger structure
width, which is discussed in Chapter 2.2.1.1. When comparing this to a lead time tree
that considers components, then one component could not be separated into two or more
components. Immaterial activities on the other hand do not work like that, and the
completion of a single activity can lead to multiple activities being able to be initiated.
When looking at Activity #9 in the lead time tree in Figure 4.2, one can see that this
increase of lead time lines leads to a problem that has to be handled in creating the
method of drawing a lead time tree. Activity #9 cannot be initiated until Activity #3 and
#6 are completed, but Activity #3 can be completed four (4) times units ahead of
Activity #6. A dashed line has therefore been drawn between Activity #2 and #3, to still
be able to illustrate the relationship between Activity #3 and #9. The dashed line has
been placed before the initiation of Activity #3 and not after, as activities have been
chosen to be initiated as late as possible. The dashed line therefore implies that an
activity that is placed after the dashed line can be initiated whenever during the course
of the dashed line, but not later than when the solid line begin. However, it is
recommended to initiate the activity as late as possible, to avoid tied up capital.
The fact that the structure width can increase with time also entails that the lead time
tree needs to be created with both backwards and forwards planning, unlike the lead
time tree for material activities that is only created with backwards planning. To create
the lead time tree for immaterial activities, it is needed to alternate between the two, but
with a start in backwards planning.
As described in Chapter 4.2.1, an activity in a process does not have to lead directly to
another activity. An example for this is Activity #7 in Figure 4.2, where that branch of
the process is broken with Activity #7. As Activity #7 has a set latest time unit for
completion, the completion for the activity is set to 5 time units before the end of the
process. If Activity #7 did not have a latest time unit for completion, the activity would
have been placed at the very end of the whole process, with time unit of completion set
to zero (0), to regard that activities should be finished as late as possible to reduce tied
up capital.
Another difference between lead time trees for material activities and for immater ia l
activities is that a lead time tree for immaterial activities does not have to be completed
with a single activity, as opposed to the lead time tree for material activities which
always lead to a single assembly of the end product, see Figure 2.4. This means that
there can be multiple lead time lines that connect to the finishing vertical line that
illustrate the end of the process and time unit zero. Final activities could for example
be delivery of the product, and delivery of a material certificate for the product.
One thing that the original lead time tree model could not cater to, when adapting it to
include immaterial activities, is that it does not present which function is responsible
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for each activity. This is solved by not only coding each lead time line with its ID, but
also with a letter that represents the responsible function, which can be seen in Figure
4.2 as 1.A, 2.A,B,C, 3.A et cetera. This method of showing the responsible function is
not as perspicuous as the cross-functional flow chart and its lanes, but it is still a
qualified method that presents the information in a way the viewer can understand. The
choice of for example color coding the lead time tree, which could have been another
method of presenting the responsible functions with a color for each function, has been
deselected based on several reasons. First, there can be hundreds of different functio ns
that need to be presented in the lead time tree and this cannot be catered by distinct
colors. Second, the lead time tree model works better if it can be read from a printed
paper in black and white.
4.3

Potential with the adapted lead time tree model

The adapted lead time tree model has the potential of gathering a lot of information that
is normally kept separated into a single source of information. As is described in
Chapter 2.2.1.3, additional information that is needed for each specific case can easily
be included in the lead time table. This is done in Bäckstrand’s (2012) research, where
one of the case companies is using an extra column in the supply lead time table for
information that is necessary for them. The ability to adapt the lead time table and lead
time tree to each situation is a strength with this method.
Some potentially valuable aspects to include in the adapted lead time tree model are
information regarding the number of workers needed in each activity, the amount of
value-adding time and non-value adding time in each activity, alternative courses in the
process, and information regarding documents and other data needed for each activity
to be performed. Information regarding required data can be included in the crossfunctional flow chart, but not yet in the lead time tree model. One way of solving this
could be to mark activities with linked data with a star* next to the activity ID and code
for responsible function in the lead time tree, for example 1.A*. Further informatio n
about which data that is needed could then be seen in an additional table with the
activity ID in one column and a list of data that is needed for the respective activity in
another column.
4.4

Areas of use for the adapted lead time tree model

The adapted model visualizes the process and its lead time in an equivalently simple,
easy-to-understand and fact-based way as the original lead time tree model does, which
makes it a useful tool for identifying, understanding, and analyzing the magnitude of
the process and its lead time. This sub-chapter presents and discusses ways the adapted
lead time tree model can be used within project planning and improvement work, as
well as a tool for communication.
4.4.1 Using the adapted lead time tree model for project planning
The lead time tree model can be used as a tool for project planning. The visualizatio n
of the process provides information about when each resource/function needs to be
available and when each activity needs to be initiated and completed to follow the
planned schedule of each order fulfillment process. This also makes each functio n
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aware of how their work affects the rest of the process. The cumulative lead time
compilation table can be of help when planning the initiation of each activity.
A problem that the case company had was how to plan projects when each function or
resource had multiple projects to work on at the same time, and expressed their desire
for the lead time to be able to visualize how resources split between projects had an
impact on the total lead time. When including this information into the lead time tree,
the longest lead time of each activity needs to be considered and used in the
visualization, e.g. the total lead time for an activity from when it is initiated until it is
finished, including the idle time when the resource is working on other projects. This
means that the adapted lead time tree model includes other projects as factors for its
lead times, but is still essentially a single-project based tool. The more projects a
function is involved in at the same time, the longer it will take for each order fulfillme nt
process to finish. It is therefore crucial to plan for each responsible function to be
available during the time period that the activity is planned to be executed, in order for
the order fulfillment process to run as planned.
4.4.2 Using the adapted lead time tree model for improvement work
When the adapted lead time tree model is used when working with improvements, it
can be useful to view the processes being investigated as if they are following the
Incoterms rule EXW. This is because the time of delivery, which is not included in
EXW, varies between every customer.
The original lead time tree model has proven to be a useful tool for root-cause analysis,
further described in Chapter 2.2.2, as the visualization of the lead times and the
understanding that the visualization entails aids systematic problem identification of the
order fulfillment process, where root-causes can be identified and decisions regarding
them can be fact based. These characteristics of the original lead time tree model
remains in the adapted lead time tree model and the adapted lead time tree model can
therefore be used for root-cause analysis.
A strength with the lead time tree model is that it visualizes the process in a lucid way.
The visualization enables identification of the critical path of the process, and thereby
makes the lead time tree model into a tool for improvements regarding lead time
reduction. In order to shorten the total lead time of the whole process, focus must be on
shortening the lead times of the activities that constitute the critical path, as an initia l
factor of improvement. Improvements regarding the critical path are described further
in the following sub-chapter.
4.4.2.1 The critical path
An order fulfillment process can be improved with focus on several key performance
indicators (KPI’s). Financial KPI’s are important, but so are lead time focused KPI’s.
Shorter lead times can also result in lower costs, as well as that a larger number of
projects can be accepted and performed, which in turn can result in higher profits.
The lead time that the customer is interested in, is the lead time of the order fulfillme nt
process, i.e. the time it takes from that the customer place their order to that the order
is completed. In order to reduce the lead time to customer, the critical path of the process
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should be the focus of improvement, further described in Chapter 2.2.2.1. This means
that it is not the activity that takes the longest time that should be shortened first, but
activities that together form the critical path, called critical activities. The critical path
in the original lead time tree model is identified as the branch that has the longest lead
time, but it is not that easy to identify the critical path in the adapted lead time tree
model for immaterial activities. As can be seen in the example of Order Fulfillme nt
Process X in Figure 4.2, all branches are initiated with a single activity, Activity # 1,
and one must therefore look at the dashed and solid lines to identify the critical path.
The critical path in the adapted lead time tree model is therefore the branch or branches
consisting of solid lines only. Therefore, in the example of Order Fulfillment Process
X in Figure 4.2, the critical path consists of the activities #1, #2, #4, #6, #9, and #11.
The goal of shortening lead times in the adapted lead time tree model is to eliminate all
dashed lines, which implies time wastage, in order to get the process as compact as
possible. When all dashed lines are eliminated, the work on shortening the process can
be based on if new critical paths can be identified, or on the proportion of non-value
adding time in the activities.
When working on shortening the lead time in the example with Order Fulfillme nt
Process X, the steps below should be followed. During the process of shortening the
lead times, new dashed lines are likely to occur, and these should of course also be
taken into consideration. The order presented in the list below should therefore only be
followed if no new dashed lines occur.
1. Shorten the sum of lead times for Activity #4, #6, #9, and #11 with two time
units, in order to get rid of the time wastage prior to Activity #5. When that is
done, the new critical path will be consisting of Activity #1, #2, #5, #8, #10 and
#12. Shortening the lead times for Activity #1 and #2 is also positive in order to
shorten the lead time of the critical path.
2. Shorten the sum of lead times for Activity #5, #8, #10, and #12 with one (1)
time unit. When that is done, the branch of Activity #1, #2, #5, #8, #10, and #12,
will be of the same length as Activity #1, #2, #4, #6, #9, and #11. However, the
critical path will consist of Activity #1, #2, #4, #6, #9, and #11 as this branch
has an impact on the dashed line prior to Activity #3. Shortening the lead times
for Activity #1 and #2 is still also positive in order to shorten the lead time of
the critical path.
3. Shorten the sum of lead times for Activity #4, #6, #9, and #11 with one (1) time
unit, in order to remove the time wastage prior to Activity #3. Shortening the
lead times for Activity #1 and #2 is still also positive in order to shorten the lead
time of the critical path.
4. Shorten the sum of lead times for Activity #1, #2, #4, #6, #9, and #11 with two
time units, in order to remove the time wastage prior to Activity #7.
4.4.3 Using the adapted lead time tree model as a boundary object for
communication
In Chapter 2.2.3 it is described that the original lead time tree model can work as a
boundary object between interdisciplinary functions of a company. This is because the
lead time tree model combines information from different functions of the company
that has previously been separated, as well as the different functions are forced to work
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interdisciplinarily when making the lead time tree. The results from using the lead time
tree model for material activities showed that people from different departments within
the company could see how their part of the production is a part of a chain, and that
departments that previously did not communicate in such a way got a common language
and started to contact each other to see how changes in their own department affect the
rest of the company. The way the adapted lead time tree model works is the same as the
original lead time tree model, and the valuable characteristics of the original lead time
tree model as a communication tool remains.
The adapted lead time tree model can in the same way as the original lead time tree
model be used as a tool for mediation in contact with suppliers, to show how the
suppliers’ lead times affect the focal company's ability to deliver to the end customer.
The adapted lead time tree model could also possibly be an effective boundary object
between the company and its customer, to show and explain how the lead time of the
order fulfillment process works and when the end product can be delivered.
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5 Discussion and conclusions
The following chapter presents discussions of the study’s method and findings, together
with suggestions for future studies of the research subject. Last, conclusions of the study
are presented.
5.1

Discussion of method

This study has been based on a theory-building research objective, where both
theoretical and empirical findings have been taken into consideration when developing
new theory. This approach proved to be useful, as the theoretical data provided a good
foundation with theory regarding the original lead time tree model and its areas of
usage, and the empirical data provided practical information regarding which aspects
the lead time tree model needed to adapted for it to include immaterial activities. Both
theoretical and empirical data has thereby been necessary for the adapted lead time tree
model to be useful.
The combination of deductive and inductive research made it possible for the research
to be adjusted continuously to better fit the purpose of the study. The data gathered
during the study has been analyzed and pattern-matched continuously throughout the
research process.
The fact that the study has been conducted with a close relation to Bäckstrand has
resulted in a study that is closely linked to the original research. The result of the study,
the adapted lead time tree model, is however a product of the author, using the
theoretical and the empirical data, with endorsement from Bäckstrand.
Gathering empirical data from a case company within manufacturing industry, which
produces their products according to the ETO strategy, makes the study more grounded
in reality than if it had only been based on theory. Studying an order fulfillment process
and how it behaves in real life is not something that could have been done by studying
theory. Studying more case companies than one would however have enabled a
comparison between cases, and would presumably have led to a slightly different result,
as order fulfillment processes varies between companies and cases.
To see how the adapted lead time tree model behaves in a larger scale and with more
complicated situations to handle, it would have been useful to create a full scale lead
time tree for a real life example of an order fulfillment process.
5.2

Discussion of findings

The aim of the study has been to create a lead time tree model that can “visualize the
immaterial activities of an order fulfillment process for ETO products, and thereafter
investigate additional areas in which this lead time tree model can be used.” In order to
fulfill the goal, two research questions were created. The first research question
regarding what needed to be adapted in the original lead time tree model for it to include
immaterial activities, has been answered in Chapter 4.2. There have been several
adaptions needed to be made for the lead time tree model to include immater ia l
activities, but the result became a version of the lead time tree model that was not that
different from the original lead time tree model regarding its basics. The adapted lead
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time tree model is a tool that can visualize a process in an easy-to-grasp way combining
information from many parts of the company, and can contribute to fact-based decisions
being made. The second research question has been answered in Chapters 4.3 and 4.4,
regarding additional areas of use for the adapted lead time tree model, where both
potential new add-ons to the lead time tree model are discussed, as well as three areas
of usage for the adapted lead time tree model: project planning, improvement work
regarding lead time reduction of the order fulfillment process, and as a boundary object
for communication with both internal and external actors. The two research questions
have thereby been answered, and the aim of the study has been fulfilled.
The study has been conducted to investigate how the lead time tree model can be
adapted to include immaterial activities of order fulfillment processes in manufactur ing
industry. However, the result should easily be applicable to most types of immater ia l
activities within other businesses as well, as the nature of immaterial activities within
manufacturing industry is presumably not that different from immaterial activities in
other fields of business.
5.3

Further research

Three potential aspects to include in the adapted lead time tree model have been
detected in this study, and would be of interest to investigate in future studies. One of
these is to investigate how to visualize the amount of value creating time and non-value
adding time in each activity of the process. Another potential aspect is how to include
the information regarding the number of workers needed in each activity, and how each
resource is available between projects. The third aspect that is detected in the study is
how to visualize alternative courses in the process. There are sometimes minor
differences in the route of order fulfillment processes, depending on for example the
product type, and it would be a strength with the adapted lead time tree model if these
alternative courses could be visualized in the same lead time tree, instead of having to
create a different lead time tree for each situation.
In order to test the applicability of the adapted lead time tree model, it would be of
interest to study multiple case companies within manufacturing industry to enable a
comparison between immaterial activities in order fulfillment processes and how they
behave in different companies. It would also be interesting to investigate immater ia l
activities where other manufacturing strategies than ETO are being used, as well as
immaterial activities within other business areas, to see if the adapted lead time tree
model would be useful for those processes as well, as it is presumed in this study that
the nature of immaterial activities within manufacturing industry is not that differe nt
from immaterial activities within other fields of business. Lastly, it would be highly
interesting to create an adapted lead time tree model for a real life example of an order
fulfillment process, in order to test the model in a hands-on environment.
5.4

Conclusions

In accordance with the aim of this study, a lead time tree model that can visualize the
immaterial activities of an order fulfillment process for ETO products has been created
and additional areas in which the lead time tree model can be used has been
investigated. The adapted lead time tree model is based on both theory and empirica l
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data, and has proven to be suited for real life order fulfillment processes. The adapted
lead time tree model is presumably able to also map and visualize immaterial activities
in other fields of business as well, other than manufacturing, as the nature of immater ia l
activities most likely remains the same across business environments.
One property about the lead time tree model that has not been changed when adapting
it to include immaterial activities is its name, the ‘lead time tree’. However, another
name that would perhaps be better suited for the model is the term ‘lead time chart’.
This is because the adapted version of the model does not necessarily have to resemble
a tree, as it can be initiated and finished with an undefined number of lead time lines.
When initiating this study, I, the author of this study, thought that the lead time tree
model would be able to visualize immaterial activities quite easily, without many
changes. I expected it to be possible mainly by changing the name of the columns in
the tables, to better include immaterial activities as opposed to material activities. It was
not until I actually merged the theoretical information and the empirical data, and tried
to illustrate a lead time tree based on an order fulfillment process, that I found that there
were many more differences between material activities and immaterial activities than
I thought from the beginning. This shows how important it is to illustrate and visualize
a process when trying to understand it. It is easy to assume that immaterial activities
are inherently known and understood. Mostly, they are not. Each day, both tangible
work with specific items as well as immaterial activities are routinely executed, but the
immaterial activities tend to be unseen. Simply through visualizing how informatio n
flows in the manufacturing of a product, revelations can be made of tasks that are
already there, but are virtually unknown. The lead time tree model does this. I hope that
the lead time tree model can result in many more such enlightening moments, both for
me personally, as well as for companies and organizations that use the model in the
future.
To conclude this exam work, I feel obligated to write a note regarding my personal
opinion about lead time reduction. A common misperception about improvement work
on lead times, regardless of if it is focused on material activities or on immater ia l
activities, is that it makes work more stressful, and that it focuses on doing more tasks
in a shorter time period, by working harder and in a higher pace. On the contrary of
this, I believe that the best and most sustainable way of shortening lead times is by
focusing on making activities easier to perform, by removing unnecessary tasks and by
re-thinking the way each process is structured, thereby making work less stressful. This
could be done by for example rethinking how meetings are being held in order for them
to be more efficient, making documents and systems easier to fill in, re-structuring
repetitive activities, and providing clear and easily understandable decision material in
favor of faster decision making, et cetera. Another thing that can shorten lead times in
a sustainable way is to focus improvement work on the tasks that matters the most, for
example on the activities that constitute the critical path. When improvement work is
fact-based and focused on the right lead times, instead of all lead times, it can be done
in a smart and less stressful way. I believe that the true potential of shortening lead
times and making workplaces more efficient is to work smarter, not harder.
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