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Abstract 

The overall goal for manufacturing companies is to earn profit and increase 
shareholders’ value. To ensure that companies in fact are profitable, managers 
usually evaluate the company’s resources based on both financial and 
operational performance, to analyse if the resources are contributing with a 
financial return. One of the most critical resources and competitive 
advantages that manufacturing companies have is time. Time, however, is an 
intangible resource and challenging to measure financially. There are, 
therefore, few practical instruments available to support managers’ decisions 
when it comes to linking lead-time with financial performance, assisting 
managers to prioritize the lead-times that are of strategic value (i.e. strategic 
lead-times). The purpose of this research was, therefore, to analyse strategic 
lead-times within new product development, purchasing, and production, as 
well as the implications that strategic lead-times have on manufacturing 
companies’ financial performance. To fulfil this purpose, the following two 
research objectives were formulated: (1) to analyse strategic lead-times within 
new product development, purchasing, and production, and (2) to analyse the 
implications of strategic lead-times on manufacturing companies’ financial 
performance.  

The research presented in this thesis has been conducted within a research 
project (KOPtimera). To fulfil the research objectives and the research 
purpose, a combination of conceptual analytical research and case study 
research was used, utilizing a number of data collection techniques: literature 
reviews, interviews, focus groups, workshops, document studies, and 
observations. 

In general, it is concluded that strategic lead-times, as defined in the 
research, have high implications for manufacturing companies’ financial 
performance and that the length of the strategic lead-times will impact who 
owns the risk in the manufacturing system, who controls the system and 
where variants are possible to create. The research further presents the 
implications that strategic lead-times have on financial performance, as 
well as indicates that it is possible to evaluate lead-time performance 
through financial performance, using readily available and accepted 
financial performance measures. Based on the implications identified, 
also a framework (the FinaSt framework) was developed. This FinaSt 
framework takes into consideration that not only the extension, but also 
the existence of strategic lead-times has implications for manufacturing 
companies’ financial performance, and that these implications can be 
either direct or indirect.  
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The results contribute to the literature focused on valuing lead-times and 
provide useful knowledge for managers, allowing them to gain a better 
understanding for strategic lead-times’ implications on manufacturing 
companies’ financial performance, thus allowing for better decision support 
when evaluating supply chain designs and prioritizing alternatives based on 
profitability (i.e. return on investment). 
 

Keywords: decoupling point, financial performance, manufacturing 
companies, new product development, production, purchasing, return on 
investment, ROI, strategic lead-time.
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Sammanfattning 

Tillverkande företags övergripande mål är att vara lönsamma genom att skapa 
vinst till sina ägare. För att säkerställa att företagen är lönsamma brukar 
företagsledare utvärdera företagets resurser baserat på deras finansiella och 
operationella resultat, och således undersöka om resurserna bidrar med en 
ekonomisk avkastning. En av tillverkande företags mest kritiska resurs och 
konkurrensfördel är ledtid. Ledtid är emellertid en immateriell resurs och 
utmanande att mäta finansiellt, vilket är en bidragande orsak till att det finns 
få praktiska verktyg och beslutsstöd för att värdera ledtid finansiellt och 
underlätta för företagsledare att prioritera de ledtider som är av strategisk 
betydelse för företaget (d.v.s. strategiska ledtider). Syftet med denna forskning 
var således att analysera strategiska ledtider inom produktutveckling, inköp 
och produktion, samt de implikationer som strategiska ledtider har på 
tillverkande företags finansiella resultat. För att uppfylla detta syfte 
formulerades följande två forskningsmål: (1) att analysera strategiska ledtider 
inom produktutveckling, inköp och produktion, och (2) att analysera de 
implikationer som strategiska ledtider har på tillverkande företags finansiella 
resultat. 

Forskningen som presenteras i denna licentiatuppsats har genomförts i ett 
forskningsprojekt (KOPtimera). För att uppfylla forskningsmålen och syftet 
har en kombination av analytisk konceptuell forskning och fallstudier använts, 
där litteraturstudier, intervjuer, fokusgrupper, arbetsmöten (workshops), 
dokumentstudier och observationer använts för datainsamling.  

Slutsatserna är att strategiska ledtider, som de definieras i denna 
forskning, i hög grad påverkar tillverkande företags finansiella resultat, och att 
längden på strategiska ledtider påverkar riskfördelningen och styrbarheten i 
tillverkningssystemet samt var varianter skapas. Forskningsresultatet visar på 
de implikationer som strategiska ledtider har på tillverkande företags 
finansiella resultat och indikerar att det är möjligt att värdera ledtidsprestation 
genom redan tillgängliga finansiella nyckeltal. Baserat på de identifierade 
implikationerna utvecklades ett ramverk (FinaSt-ramverket) Detta ramverk tar 
i beaktning att inte enbart längden på strategiska ledtider utan också själva 
förekomsten av strategiska ledtider har implikationer för tillverkande företags 
finansiella resultat, och att dessa implikationer kan vara direkta eller indirekta.  

Resultatet bygger vidare på och bidrar till den litteratur som fokuserar på 
att värdera ledtid samt tillhandahåller kunskap för en ökad förståelse för 
strategiska ledtider och den betydelse som strategiska ledtider har på 
tillverkande företags finansiella resultat. Resultatet kan således bidra till bättre 
beslutsstöd vid utvärdering och prioritering av olika försörjnings-
kedjealternativ, genom att tillhandahålla stöd för att basera beslutet på 
lönsamhet. 
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1 Introduction 
This chapter gives the background to the research and states the research gap, 
followed by the purpose of the research and the two formulated research 
objectives. The chapter ends by giving the scope of the research and the outline 
of the thesis. 

1.1 Background 

Manufacturing companies are facing a turbulent and constantly changing 
environment where they continuously need to figure out ways to exploit 
economies of scale, while at the same time satisfy the increasing demand for 
customised products (Fernandes et al., 2012). Manufacturing companies 
therefore need to develop and produce a combination of standardised and 
customised products, that is standardised products for the general market and 
customised products for specific customers (Fernandes et al., 2012; Roy et al., 
2013). Manufacturing companies have had to shift from mass-production to 
mass-customisation, and even to one-of-a-kind, customer-unique production 
(Wortmann et al., 1997). In doing so, companies have pushed the point of 
customer involvement further upstream, occasionally involving some form of 
purchasing of raw material and sub-components (Bäckstrand, 2012) as well as 
engineering activities (i.e. new product development) (Rudberg & Wikner, 
2004; Gosling et al., 2014), thus increasing the delivery lead-time (Graça et 
al., 1999). In today’s just-in-time world, however, it is critical to be able to 
respond quickly to customers’ demands and to be flexible at the same time 
(Ashok & Jaideep, 1995; Christopher, 2011). A conflict exists, in that 
manufacturing systems’ total lead-time are become longer while the demand 
for shorter delivery lead-times is increasing (Horscroft & Braithwaite, 1990; 
Blackburn, 2012). 

As a result, an overall challenge for management in manufacturing 
companies is to use their available resources in the best possible way, to be 
able to offer both standardised and customised products to the market, while 
at the same time delivery within the demanded delivery lead-time. If 
successful, management can then also fulfil their most fundamental goals: to 
earn profit and increase shareholders’ value (Harrison & Horngren, 2008; 
Leon, 2016). To ensure that companies in fact are profitable, managers usually 
evaluate their resources based on both financial and operational performance, 
to analyse if the resources are contributing with a financial return.  

One of the most critical resources and competitive advantages 
manufacturing companies have is time (Stalk, 1988; Stalk & Hout, 1990a, 
1990b; Blackburn, 1991). In fact, time is frequently considered manufacturing 
companies’ most important competitive advantage (Tersine & Hummingbird, 
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1995; Thomas, 2008; Senapati et al., 2012; De Treville et al., 2014), and the 
companies should ideally make their processes and functions (e.g. new 
product development, purchasing, and production) faster, cheaper, and better 
to increase their financial performance (Christopher & Braithwaite, 1989; 
Vickery et al., 1995). The notion that time is a critical resource is, however, 
nothing new. Already in the 18th century, Benjamin Franklin wrote in his 
memoirs that “Time is money” (Franklin & Stueber, 1794, p. 30). Since then, 
many great men and women have come to similar conclusions. For instance, 
in his book The Principles of Scientific Management, Frederick Winslow 
Taylor (1911) presented illustrative time and motion studies where he 
explained that if a man can perform more output per time unit, then he will 
be more productive, thus reducing the cost of each unit. In the same era as 
Taylor, Henry Ford (2004, originally published in 1922) presented similar 
views; for instance, Ford wrote that “if a device would save in time just 10 per 
cent, or increase results 10 per cent, then its absence is always a 10 per cent 
tax” (p. 77). These views and ideas were later incorporated into the Toyota 
Production System by Taiichi Ohno (1988), who realised that if the system’s 
non-value-adding activities could be eliminated or minimised, then the 
system’s total lead-time would decrease. 

Nevertheless, even though management thinkers like Taylor, Ford, and 
Ohno stressed the importance of increasing output per time unit and 
identifying waste time, it was Stalk (1988) who really put lead-time on the 
agenda for many managers (Hum & Sim, 1996; Godinho & Veloso, 2013). 
Following Stalk and Hout’s (1990a, 1990b) work, time-based competition and 
time-based management gained considerable interest. Since then, the notion 
that shorter lead-times can be a source of competitive advantage have been 
well-established in practice and the literature (Stalk & Hout, 1990a; Tersine & 
Hummingbird, 1995; Thomas, 2008; De Treville et al., 2014); this concept is 
also a cornerstone of lean thinking (Womack & Jones, 2003), theory of 
constraints (Goldratt & Cox, 1986), quick response manufacturing (Suri, 
1998, 2010), and decoupling thinking (Sharman, 1984; Hoekstra & Romme, 
1992; Wikner, 2014). 

However, the time-based management belief that lead-time reduction 
always provides value (e.g. Stalk, 1988; Stalk & Hout, 1990a; Schmenner, 
1991) was challenged by Fisher (1997), who instead stated that the impact on 
value depends on whether the products are functional or innovative. Supply 
chains producing functional products should be designed for cost efficiency 
rather than for speed (Fisher, 1997; Blackburn, 2012). A shorter lead-time, 
therefore, does not always mean the same as higher profitability. So, when is 
a decreased or increased lead-time preferable, and how can this be translated 
into financial performance? 
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1.2 Problem area 

Time is an intangible resource, and is hard to directly observe and quantify 
(Zahra & Das, 1993). Even so, there is an array of literature discussing the 
efficient use of time by eliminating waste and minimising time spent (see e.g. 
Ohno, 1988; Shingo & Dillon, 1989; Towill, 1996; Suri, 1998; Mason-Jones & 
Towill, 1999; Elfving et al., 2005; Liker & Meier, 2006; Dennis, 2007; 
Bicheno & Holweg, 2009). This knowledge has been used for discussing the 
implications of lead-time on cost in term of set-up times (e.g. how quantities 
of inventory are related to inventory costs; Rother & Shook, 2003), percentage 
of unit product cost (Blackburn, 2012), cost in terms of demand volatility (De 
Treville et al., 2014), and costs’ impact on profit (Fisher et al., 1997). Less effort 
has been invested in understanding the full impact of time and how lead-times 
impact a company’s financial performance (Godinho & Veloso, 2013), 
performance measures that quantitatively demonstrate the financial return of 
decreasing or increasing lead-times (Godinho & Veloso, 2013; De Treville et 
al., 2014), and those quantitative measures that are also practical for managers 
to use (Godinho & Veloso, 2013). Godinho and Veloso (2013) argue that areas 
for future research should focus on quantitative measures that can be used by 
managers in evaluating lead-time as well as on more focused studies related 
to lead-time and new product development. The ability to identify how a 
change in lead-times impacts a company’s financial performance would be of 
great support to managers (Christopher & Braithwaite, 1989; Horscroft & 
Braithwaite, 1990; Bäckstrand, 2012; Godinho & Veloso, 2013), giving them 
the ability to evaluate operational activities based on lead-time and to prioritise 
the lead-times that are of real value for the company (i.e. those that play a 
significant role from a demand or a supply perspective and are based on the 
boundary of the system). These lead-times are termed strategic lead-times 
(Wikner & Rudberg, 2017, p. 8). 

To sum up, it could be argued that much is known about lead-times, and 
financial performance; however, not so much about the implications that lead-
times have on financial performance. Hence, despite much effort spent over 
the years to determine the value of lead-time, it is still something that we 
struggle to measure (Godinho & Veloso, 2013; De Treville et al., 2014), both 
in theory and in practice.  

1.3 Purpose and research objectives 

The long-term aim of this research is to develop a practical (e.g. method or 
approach) way for managers in manufacturing companies to evaluate strategic 
lead-time based on financial performance. However, to approach this long-
term aim, there is a need to understand strategic lead-times and their 
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implications on financial performance. The purpose of this licentiate thesis is, 
therefore: 
 
To analyse strategic lead-times within new product development, purchasing, 
and production, as well as the implications that strategic lead-times have on 
manufacturing companies’ financial performance. 
 

To fulfil this purpose, the following two research objectives are formulated. 
The first part of the research is to obtain a better understand for the strategic 
lead-times, by analysing them within new product development, purchasing, 
and production. Hence the first research objective (RO) is:  
 
RO 1: To analyse strategic lead-times within new product development, 
purchasing, and production. 
 

Through the fulfilment of RO 1, a better understanding for strategic lead-
times will be obtained. The next step is then to understand the implications 
that strategic lead-times have on manufacturing companies’ financial 
performance; therefore, the second RO is: 
 
RO 2: To analyse the implications of strategic lead-times on 
manufacturing companies’ financial performance. 
 

When RO 1 and RO 2 have been fulfilled, the purpose of this research will 
be fulfilled, where the strategic lead-times firstly have been analysed within 
new product development, purchasing, and production, before analysing the 
implications that strategic lead-times have on manufacturing companies’ 
financial performance. 

1.4 Scope of the research 

The research presented in this thesis analyses the strategic lead-times and the 
implications they have on manufacturing companies’ financial performance, 
and the unit of study is the strategic lead-times (see e.g. Bäckstrand, 2012 ; 
Wikner, 2014). Considering the phenomenon to be studied, the focus is on 
manufacturing companies that provide customer-order-unique offerings 
through production, purchasing, or even new product development; the scope 
of the research is summarised in Figure 1-1. 

Furthermore, this research has focused on the activities carried out within 
the processes and functions of new product development, purchasing, as well 
as production, and thereby the lead-time it takes to carry out these processes 
or functions. Any administrative lead-times that may occur before an order is 
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handed over to new product development, purchasing, and production are, 
however, outside the scope of the research. 

 

  
Figure 1-1. The scope of the research. 

Note that new product development, within this thesis, is seen as a process 
in which ideas are developed into viable new products or extensions to existing 
products or product ranges (adapted from Law, 2016). The driver of these 
extensions or adaptations could both be internal or external of the company, 
and the output could be intended for mass-production or one-of-a-kind 
production. Furthermore, even though the word “new” is used, the output of 
such as process (i.e. new product development) does not need to be new (see 
e.g. Lakemond et al, 2013). The term new product development is thereby, in 
this thesis, seen as rather broad, including both the development of new 
products as well as minor adaptations of an existing product. 

1.5 Outline of the thesis 

The thesis consists of six chapters and four appended papers. The content of 
each chapter is briefly presented hereunder to give the reader an overview of 
the structure.  

The thesis starts with CChapter 1: Introduction. Here, the background to 
the research as well as the research gap are presented. This discussion leads 
on to the purpose of the research and the two stated ROs. The chapter ends by 
giving the scope of the research and the outline of the thesis. 

In CChapter 2: Frame of reference, a short background to the literature 
used within this research is presented as well as the link between the literature 
areas and the research context. Thereafter, the six strategic lead-times and 
their relationships are introduced, leading to the three strategic decoupling 
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points that are related to the strategic lead-times. Chapter 2 comprises the 
background to the literature used in the appended papers, giving the reader a 
better understanding of the literature used, where context-specific as well as 
progressive literature is used in the appended papers. 

Chapter 3: Research design explains the design of the research 
performed. First, an overview of the research process is given, before an 
elaboration on the research approach and research methods used. Thereafter, 
each of the four studies performed in this research are discussed based on the 
data collection as well as data analysis. The chapter then ends by discussing 
the quality of the research as well as ethical considerations. 

Chapter 4: Summary of papers, starts by presenting the links between 
the ROs and the four appended papers. The second part of the chapter then 
presents each of the papers’ purpose as well as a summary of the results. At 
the end of each summary the contribution of the researcher is presented. The 
chapter then ends by summarising each papers contribution to the two ROs. 

In Chapter 5: Discussion and results, a discussion related to the two ROs 
is presented. The chapter then ends by shortly summarising the fulfilment of 
each of the two ROs. 

In the final Chapter 6: Conclusions and implications, a discussion of the 
research purpose fulfilment and conclusions are made. Next, the theoretical 
and managerial implications are presented, followed by the discussion of 
research limitations and future research. The chapter then ends with some 
concluding remarks. 
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2 Frame of reference 
The chapter starts by giving a short introduction to the frame of reference, 
discussing the literature that has been used in this research as well as relating 
it back to the context of the research. Here also, a short discussion is made as 
to which literature sources have been used to fulfil the two ROs. Thereafter, 
the six strategic lead-times used in this research are presented before 
introducing the three strategic decoupling points that are related to the 
strategic lead-times.  

2.1 Introduction to the frame of reference 

Relating back to the purpose and the stated ROs, this research builds on the 
existing body of knowledge regarding time-based competition (see e.g. Stalk, 
1988; Stalk & Hout, 1990a; Godinho & Veloso, 2013), lead-time in general 
(see e.g. Towill, 1996; Suri, 1998; Womack & Jones, 2003), as well as financial 
performance (FP) in general (see e.g. Drury, 2000; Harrison & Horngren, 
2008; Leon, 2016), where literature in the areas of strategic lead-times (SLT) 
and FP have been used. This is also visualised in Figure 2-1, where the arc to 
the right represents the literature areas of interest. 
 

 
Figure 2-1. The context and literature of interest in this research. 

Note that also strategic decoupling points (SDP) are included. The reason 
for this can be found in the definition of SLTs, where a strategic lead-time is 
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related to the positioning of a SDP (Wikner & Rudberg, 2017, p. 8). The 
literature used in this research has therefore focused on SLTs, SDPs, and FP. 

Relating back to the scope presented in Figure 1-1, the left arc in Figure 2-1 
represents the context of the research. The three areas are read from the 
bottom to the top, in the order they normally would be carried out in 
manufacturing companies, where a product need to be developed before 
material is purchased and then used within production (i.e. new product 
development (NPD), purchasing, and production). By merging these two arcs, 
a circle is obtained, as illustrated in Figure 2-2. This circle gives the research 
context by illustrating the literature of interest for the research (i.e. literature 
concerning SLTs, SDPs, FP, NPD, purchasing, and production) as well the 
areas of the literature where the focus has been (i.e. within NPD, purchasing, 
and production). Here, literature concerning SLTs and SDPs, as well as NPD, 
purchasing, and production has been used in the context of NPD, purchasing, 
and production in order to fulfil RO 1. The knowledge gained from this review 
has been used for investigating the implications that SLTs have on FP to fulfil 
RO 2. 

 

  
Figure 2-2. The research context. 

The rest of this chapter will present the concept of SLTs, as well as the six 
SLTs used in the research. This will then lead to the introduction of 
decoupling points and the three SDPs used in this research, as well as how 
they relate to SLTs. The literature presented in this chapter is the background 
for the literature used in the appended papers, while more context-specific as 
well as progressive literature are used in the appended papers. Context specific 
literature concerning NPD, purchasing, production as well as literature 
concerning FP and the conceptual literature explaining the implications of 
SLTs on FP is, therefore, excluded from this chapter and can instead be found 
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in the appended papers. This chapter should, thereby, not be seen as a 
complete or comprehensive frame of reference. It should instead be used as a 
means to get a background as well as a better understanding for the literature 
used in the appended papers.  

2.2 Strategic lead-times 

In this thesis, both time and lead-time are considered important, but for two 
different reasons. In this thesis, time is seen as the point when something 
occurs (Merriam-Webster, 2016b), meaning that time is a specific point in 
time (e.g. when a good should be delivered or produced). Lead-time is then 
considered “a span of time required to perform a process (or series of 
operations)” (Blackstone Jr., 2013, p. 90); for example, the time span between 
when a purchase order is placed and when the goods are received. Therefore, 
both time and lead-time are important concepts used throughout this thesis, 
when referring to either a point in time (i.e. time) or a span of time (i.e. lead-
time). 

As discussed in the introduction to this thesis, the notion that shorter lead-
times can be a source of competitive advantage is well established in literature 
(Stalk & Hout, 1990a; Tersine & Hummingbird, 1995; Thomas, 2008; De 
Treville et al., 2014) and are especially “applicable whenever customers have 
to wait to receive the value they have decided they want” (Stalk & Hout, 1990a, 
p. 80). 

The first step for gaining control over lead-time is to map the status quo. 
Material flows have to be identified and lead-times separated into various 
components (Tersine & Hummingbird, 1995). As stated in the following 
quote, the lead-times should be mapped using a customer focus, increasing 
the value for the customer: 

To be competitive the value stream needs to flow in a way that serves the 
customer with the overall shortest lead time, lowest cost, highest quality, 
and most dependable delivery. It shouldn’t be sub-optimized to serve the 
desires of individual processes, departments, functions, or people. (Rother 
& Shook, 2003, p. 91) 

In the context of manufacturing companies, it is impossible to measure all 
available lead-times. In line with the preceding quote, as well as the definition 
of time-based competition (see e.g. Blackstone Jr., 2013, p. 176), this research 
focuses on the critical lead-times, using a customer service and system-based 
perspective, when identifying the set of lead-times employed. These lead-
times are titled strategic lead-times (SLTs) by Wikner (2014, 2015; Wikner & 
Rudberg, 2017) and are defined as lead‐times that play a significant role from 
a demand or a supply perspective, are based on the boundary of the system, 
and are related to the positioning of a SDP (Wikner & Rudberg, 2017, p. 8). 
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There are six types of SLTs, and they can further be divided into three 
categories: control-based, risk-based, and variant-based (Wikner, 2014, 2015). 
To distinguish these SLTs a time-phased bill of materials (BOM) can be 
employed. A time-phased BOM is a BOM that is illustrated horizontally to 
emphasise the flow logic and where the length of each of the constituent items 
in the BOM is based on the lead-time it takes to complete (i.e. acquire, 
produce, assemble, or distribute) the item. To the left in Figure 2-3 a BOM can 
be found, and to the right a time-phased version of the same BOM is presented 
(i.e. a time-phased BOM). More examples of time-phased BOM are provided 
by Mattsson (1987, pp. 44-46) and Wikner (2014, p. 187). 

The time-phased BOM presented in Figure 2-3 will further be used in the 
following three subchapters to distinguish and illustrate the six SLTs.  

 

 
Figure 2-3. BOM and time-phased BOM. 

Source: Wikner (2014, p. 187; 2015, p. 189). 

2.2.1 Control-based SLTs 

The controllable part of a system is referred to as internal lead-time (I), 
whereas the part beyond control is referred to as external lead-time (E) 
(Wikner, 2014, 2015). E is, therefore, based on the lead-time that is beyond 
control and may be positioned upstream (EUS) or downstream (EDS) of the actor 
(Wikner & Rudberg, 2017). An actor may, however, be viewed from different 
perspectives (Wikner, 2012, 2014); here, the actor is a company (e.g. legal 
entity) or individual (e.g. consumer). Since E relates to the uncontrollable part 
of the system, it usually relates to the external part of the system (i.e. external 
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part of an actor; Bäckstrand, 2012: Wikner, 2014), and can quite simply be 
related to for example the replenishment lead-time from suppliers (i.e. 
supplier actor) or the transportation lead-time to the customer (i.e. customer 
actor). 

 Correspondingly, I can simply be the transformation that is performed 
within the actor (Bäckstrand, 2012: Wikner, 2014). I, therefore, represents the 
time an item spends in the system and consequently also relates to the amount 
of material accumulating in the system, known as work in process (WIP) 
inventory. The definition of WIP, as used in this thesis, is: 

A good or goods in various stages of completion throughout the plant 
[system], including all material from raw material that has been released 
for initial processing up to completely processed material awaiting final 
inspection and acceptance as finished goods inventory. (Blackstone Jr., 
2013, p. 190) 

Note that each branch in the time-phased BOM has a separate tuple of E 
and I, as shown in Figure 2-3 (see EV, IV, EQ, and IQ,), and clarified by the 
subscripted Q and V. 

2.2.2 Risk-based SLTs 

Risk-based SLTs are related to demand-based risk, and the amount of 
speculation that is required (Wikner, 2015; Wikner & Rudberg, 2017). The 
delivery lead-time (D) corresponds to the customer’s requested delivery lead-
time, whereas the supply lead-time (S) is the cumulative lead-time of the 
complete time-phased BOM (see Figure 2-3). S, therefore, indicates where the 
provider must start taking a material-based risk (e.g. ordering goods from a 
supplier actor; Wikner, 2015). 

Correspondingly, the upstream end of D represents the positioning of the 
customer order decoupling point (CODP; see subchapter 2.3.1), which 
separates (a) decisions about initiating flow based on speculation for future 
customer orders (i.e. forecast-driven activities), from (b) commitment against 
actual customer orders (i.e. customer-order-driven activities) (Hoekstra & 
Romme, 1987: Wikner, 2014; see Figure 2-4). This means that the activities 
conducted upstream (left) of the D, and thereby also the CODP, are performed 
on speculation, which usually implies a higher risk (Wikner, 2015). 
Downstream of the CODP (during the D), the activities are instead performed 
on commitment to customer orders, thus neutralising the risk (Mather, 1988; 
Wikner, 2015). 
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Figure 2-4. Relationship between S, D, and the CODP. 

Note that S is made up by an E and an I; from an item perspective, each 
branch in the time-phased BOM has a separate S (Wikner, 2015). From a 
product perspective, used here, the branch with the longest cumulative lead-
time also represents the cumulative lead-time of the complete time-phased 
BOM, corresponding to SQ in Figure 2-3 and Figure 2-4. Furthermore, in some 
cases there is no or no significant D, such as for instance in a Make-to-stock 
(MTS)1 approach using Ex-works (EXW)2. In such a scenario, D would collapse 
into a point coinciding with the CODP at the downstream end of the system. 

2.2.3 Variant-based SLTs 

The two last SLTs are variant-based, and are related to when demand or supply 
provides a basis for variants (Wikner, 2015). Adapt lead-time – supply-based 
(AS) corresponds to all points in the time-phased BOM where it is possible to 
create variants. There could, therefore, be multiple AS in a BOM, as shown in 
Figure 2-3 (see AS,U and AS,Z) and clarified by the subscripted U and Z. 

When comparing these AS with the D, it is possible to identify the subset 
that can be used for customer-order-unique (CoU) offerings (Wikner, 2014). 
The point of customisation finally selected is then related to the adapt lead-
time – demand-based (AD), which is the lead-time between the point where 
CoU offerings are made, and the downstream end of the time-phased BOM 
(Wikner, 2014). In Figure 2-3, two potential AS are identified. Only AS,Z is, 
however, possible for CoU offerings, since AD is market-oriented where 

                                                        
1 MTS (Make-to-stock) = Products are produced on speculation (forecast) and 

kept in stock awaiting customer orders. When customer orders are received, the 
product is picked, packed, and made available to the customer (Jonsson, 2008). 

2 EXW (Ex-works) = Goods are made available at the seller’s premises for 
collection by the buyer; this means that the buyer arranges for carriage, and the 
goods and the corresponding risks are transferred when collected by the buyer 
(Lysons & Farrington, 2006). 

ZY

XWV

Q U

Forecast-driven Customer-order-driven

CODP

D

S = SQ



 

13 

customisations are based on customers’ requirements and thus need to be 
located downstream of the CODP (i.e. during the D). In Figure 2-3, therefore, 
AS,Z is selected as the AD. 

2.2.4 SLT relationships 

From the six SLTs presented above, 30 different SLT relationships can be 
identified (excluding the relationships between the SLTs of the same type, 
such as the diagonal of Table 2-1). There are, however, some overlaps between 
SLTs since the inverse of the SLT relationship can be found (Wikner, 2014). 
As a general rule, the relationship which normally would be expected as the 
smaller value in the numerator is included and the other indicated by “x”, as 
proposed by Wikner (2014) The expectation of the smaller value in the the 
numerator is, however, not always as straightforward and are highly 
dependent on the context, such as type of products produced, production 
strategies used by both the supplier actor and the focal actor (i.e. the actor used 
as the point of reference for the analysis), as well as the geographical distance 
and transportation mode used. 

Furthermore, since S = E + I, E-based relationships may be derived based 
on I-based relationships if necessary (Wikner, 2014) and is hence excluded 
and marked with “n/a” in Table 2-1.  

The relationship between the two variant-based SLTs, AS,k and AD, gives the 
relationship between the time a demand-based adaptation is made and where 
a supply-based adaptation can be made. Through this relationship one can 
identify which other adaptations that are possible to make downstream the 
chosen one. Note that the subscripted k indicates that there can be multiple 
AS, and the same applies for the SLTs E and I. 

These exclusions then result in 10 remaining potential SLT relationships 
to investigate (see Table 2-1). 

Table 2-1. SLT relationships 

 Ek Ik S D AS,k AD 

Ek - n/a n/a n/a n/a n/a 
Ik n/a - Ik:S x x x 
S n/a x - x x x 
D n/a D:Ik D:S - D:AS,k x 

AS,k n/a AS,k:Ik AS,k:S x - AS,k:AD 

AD n/a AD:Ik AD:S AD:D x - 

Note: Adapted from Bäckstrand (2012, p. 101) and Wikner (2014, p. 189). 
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2.3 Strategic decoupling points 

When the definition of SLT was presented above, it was stated that a SLT is 
related to the positioning of a SDP. These SDPs are introduced here. 

Decoupling points (DP) can be differentiated into three categories (Wikner, 
2014; Wikner & Johansson, 2015): operational, tactical, and strategic. The 
operational DPs are those that relate to transformation points in the physical 
material flows (e.g. queues in front of resources). The tactical DPs are related 
to points where materials are given a unique identifier (e.g. item number or 
part number). The subset of the tactical DPs that play a role of critical 
importance to the interface of the supply system and its context are then 
classified as SDPs (Wikner & Johansson, 2015). These SDPs can thus be seen 
as key DPs and are named SDPs due to their critical impact on 
competitiveness (Wikner, 2014). In this thesis, the focus is exclusively on 
SDPs. The category of SDPs can be further divided into three types of SDPs 
(Wikner, 2014): the customer order decoupling point (CODP), the customer 
adaptation decoupling point (CADP), and the purchase order decoupling point 
(PODP). The following subsection elaborates on these three SDPs. 

2.3.1 Customer order decoupling point 

The notion of the customer order decoupling point (CODP) is something that 
plays a crucial role in production and materials management (Mason-Jones & 
Towill, 1999; Wikner, 2014). One of the reasons is that the positioning of the 
CODP is a strategic decision that impacts D and inventory investments 
(Blackstone Jr., 2013). The CODP is, however, something that has developed 
in parallel streams of research and has been denominated in different ways: 
order penetration point (see e.g. Sharman, 1984; Olhager, 2003); decoupling 
point (see e.g. Hoekstra & Romme, 1987, originally published in 1985; 
Bertrand et al., 1990; Hoekstra & Romme, 1992); customer order decoupling 
point (CODP; e.g. Bertrand et al., 1990; Giesberts & van der Tang, 1992; 
Wortmann et al., 1997), customer order point (see e.g. Ågren, 1987; Olhager 
& Östlund, 1990; Mason-Jones & Towill, 1999); demand penetration point 
(see e.g. Christopher, 1998, 2011); and order entry point (see e.g. Dekkers & 
Sopers, 2001; Dekkers, 2006). The term used in this research is, however, 
CODP and is further defined as the point that “separates decisions about 
initiating an activity based on speculation for future customer orders from 
commitment from actual customer orders” (adapted from Wikner, 2014, p. 
194). 

As was presented before, the CODP is the point which separates (a) 
decisions about initiating flow based on speculation for future customer 
orders (i.e. forecast-driven activities), from (b) commitment against actual 
customer orders (i.e. customer-order-driven activities) (Hoekstra & Romme, 
1987: Wikner, 2014). The CODP hence decouples the flow into an upstream 
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flow (pre-CODP) and a downstream flow (post-CODP), where the upstream 
and the downstream parts of the flow show fundamentally different 
characteristics in terms of competitive priorities, demand, customisation, and 
capacity (Olhager, 2003). For instance, using the concept of the CODP, Naylor 
et al. (1999) introduced the concept of legality, where they argued that a lean 
approach is appropriate to use upstream of the CODP, and an agile approach 
is appropriate downstream. A lean approach can be seen as having an 
efficiency focus (cost-based), whereas agility has a flexibility focus. By focusing 
on cost efficiency upstream of the CODP, the company can reduce the selling 
price to the customer or increase the company’s revenue. Conversely, having 
a flexibility focus downstream of the CODP reduces D and the lead-time 
customers have to wait for the good they have already decided they want. The 
positioning of the CODP is, therefore, a strategic decision (Olhager, 2003), 
and since the CODP in general coincides with the main buffer point in the 
flow, from which customers are served, the positioning of the CODP also 
defines where the main buffer is located in the flow (Hoekstra & Romme, 
1992). As a result, the length of D and thereby the positioning of the CODP 
will have an impact on D to customers as well as the investments made in 
stock (Hoekstra & Romme, 1992). 

 

 
Figure 2-5. Typical production strategies and CODPs. 

Note. Adapted from Sharman (1984, p. 73), Hoekstra & Romme (1987, p. 22; 1992, p. 7), Wortmann 
et al. (1997, p. 60), Mather (1999, p. 36), Olhager & Selldin (2003, p. 320), and Wikner & Rudberg 
(2005, p. 626). 

The CODP is also related to the D:P ratio introduced by Shingo (Shingo & 
Dillon, 1989, originally published in 1981), which later was converted into the 
P:D ratio by Mather (1988, 1999). The D:P ratio shows the relationship 
between D and the production cycle (i.e. P). In this research, NPD is also 
studied; hence, activities that normally are conducted before purchasing and 
production are included. Therefore, in this thesis, S will be used instead of P, 
which emphasise the word production.  

By dividing D by S, a company can determine the fraction of the flow that 
can be based on customers’ orders and the part of the flow that must be based 
on speculation. The D:S ratio can then be used to visualise the four typical 
production strategies and, thereby, the typical CODPs’ positions presented in 
literature (see Figure 2-5): engineer-to-order (ETO), make-to-order (MTO), 
assemble-to-order (ATO), and make-to-stock (MTS) (Wikner & Rudberg, 
2005). MTO and MTS are pure production strategies in the sense that with 
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MTS the products are produced on speculation (forecast) and kept in stock 
awaiting customer orders; with MTO, the products are, in general, fully 
designed where production starts after a customer order is received (Jonsson, 
2008). As customers requested shorter D in combination with 
customisations, however, the ATO strategy was introduced (Wemmerlöv, 
1984). The ATO strategy can be described as a combination of MTO and MTS, 
where the MTS strategy is applied upstream of the CODP and MTO 
downstream of the CODP. The ETO strategy then means that the products are 
designed or engineered to customers’ requirements in some degree (Jonsson, 
2008). 

In the CODP literature, a dyad of actors is usually discussed. However, a 
supply chain consists of multiple actors in tandem, defined here as a set of 
three or more actors directly involved in the upstream and downstream flows, 
and is termed a direct supply chain by Mentzer et al. (2001). 

 

 
Figure 2-6. A direct supply chain with three actors in tandem resulting in 
multiple decoupling points. 

Figure 2-6 illustrates a supply chain consisting of three actors. In such a 
supply chain, each actor orders goods from the upstream actor, which results 
in multiple CODPs (García-Dastugue & Lambert, 2007; Banerjee et al., 2012), 
as shown in Figure 2-6. Here, the customer actor orders goods from the focal 
actor (i.e. the actor used as the point of reference for the analysis), resulting in 
a CODP at the focal actor. The focal actor in turn orders goods from its 
supplier (i.e. the supplier actor), resulting in a CODP at the supplier actor. 
Since multiple CODPs can be identified in the supply chain, so also can 
multiple Ds and Ss be identified, where the supplier actor as well as the focal 
actor has one set of a S and a D. 

2.3.2 Customer adaptation decoupling point 

As discussed earlier, the CODP separates decisions about initiating an activity
based on speculation for future customer orders versus commitment from 
actual customer orders (Wikner, 2014); in other words, the CODP is the point 
where the “customer-order-driven” and the “forecast-driven” activities are 
separated. The CODP does not, however, take into consideration when or 
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where an adaptation is made to the product. Wikner (2011, 2014), therefore, 
introduced the customer adaptation decoupling point (CADP), which is 
defined as the point that “separates decisions about differentiating flow based 
on standardisation for a market of different customers from adaptation 
against actual customer orders” (Wikner, 2014, p. 196). 

An important point to clarify is that this adaptation is made according to 
customer requirements, and thus the CADP has to coincide with, or be located 
downstream of, the CODP (post-CODP) in order for the provider to know what 
the customer’s requirements are (Olhager & Rapp, 1985). An exception exists, 
however, when the provider produces the product to plan, also known as 
make-to-plan (Jonsson, 2008). Under these circumstances, the products can 
be adapted before the CODP and kept in stock awaiting an order. This 
situation is possible in repetitive industries (e.g. sub-suppliers to the car 
industry; Jonsson, 2008). 

 
Figure 2-7. Preferable level of uniqueness of items and products upstream 
and downstream of the CODP. 

The customer’s requirements for the adaptation made, as well as the 
volume and frequency of orders, together determine the level of 
customisation. A customised product can either be customer-generic (CG), 
customer-unique (CU), or customer-order-unique (CoU; Bäckstrand, 2012). A 
product that is CG could be what Lampel and Mintzberg (1996) terms pure 
standard, where the product is generic and can be sold to alternative 
customers. However, a product that is CU is unique for a specific customer; it 
has been adapted for that specific customer and cannot be sold to an 
alternative customer as it is. Nevertheless, CU products can be ordered 
repeatedly by a specific customer (Bäckstrand, 2012). CoU products are 
products that are unique to a specific customer, but also to a specific order. 
Hence, a duplicate of the same product is not likely to be ordered again 
(Bäckstrand, 2012; Wikner & Bäckstrand, 2012). 

CG items and products, due to their nature, can be produced on 
speculation or on commitment from customers. CG items and products, 
therefore, can be produced on both sides of the CODP, as shown in Figure 
2-7. For CU items and products, the point of CU adaptation should preferably 
reside downstream of the CODP. In that way, the adaptation is made when an 
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order is received, reducing the risk of producing CU items and products that 
might not be ordered again in the near future (Bäckstrand, 2012). In repetitive 
industries, however, where the customer orders these CU products frequently, 
it is possible and sometimes preferable to adapt the products before an order 
is received and keep the product in stock for a shorter D. As a result, CU items 
and products can be acquired and produced upstream of the CODP, however, 
under specific circumstances (Bäckstrand, 2012). CU is therefore positioned 
on both sides of the CODP, but in brackets for the CU upstream of the CODP, 
emphasising that this is under specific circumstances. CoU items and 
products are, however, per definition purchased or made against actual 
customer orders. CoU products are therefore not suitable for speculation since 
the provider does not know what the customer requires. Therefore, CoU items 
and products, and thereby the point where the item or product is made CoU 
(i.e. the CADP), should always reside downstream of the CODP (Bäckstrand, 
2012). 

2.3.3 Purchase order decoupling point 

The first DP (i.e. the CODP) introduced above is related to the flow driver; it 
is forecast-driven or customer-order-driven. The second DP (i.e. the CADP) is 
related to the decision about the level of uniqueness of the flow (i.e. CG, CU, 
or CoU). The third DP is related to how the flow is managed in terms of 
controllability. The part of the flow that is controllable by a company is 
considered internal, and the part that is uncontrollable by the company is 
considered external. This DP is known as the purchase order decoupling point 
(PODP; Wikner, 2014). Despite the name, the PODP is defined from a control 
perspective (Wikner et al., 2009; Wikner, 2014); references to 
“uncontrollable” and “external’’ are frequently related to some kind of supplier 
and purchase order (Wikner et al., 2009; Wikner, 2014). Even so, it is 
important to denote that the PODP separates the part of the flow that is 
uncontrollable (i.e. the part of the flow corresponding to E) from what is 
controllable by a company (i.e. the part of the flow corresponding to I). The 
PODP is hence defined as the point that “separates decisions about delimiting 
flow based on what is external to the logical entity from what is internal and 
hence controllable” (Wikner, 2014, p. 199). In other words, upstream of the 
PODP, the upstream actor “owns” the controllability of the flow, and at the 
PODP this controllability is transferred to the downstream actor, where they 
“own” the controllability. As mentioned earlier, the PODP is the point at 
which the flow goes from uncontrollable to controllable by the company. Since 
there could be an EUS and an EDS, the flow could also go from controllable by 
an actor to uncontrollable, where the controllability is moved to the 
downstream actor. 
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3 Research design 
In this third chapter, the research design is presented, beginning with an 
overview of the research process. Then, the research approach is discussed 
before presenting the research methods used. Thereafter, the four studies 
presented in the four appended papers are discussed in terms of the data 
collection techniques used and how the data was analysed. The chapter ends 
with a discussion of the quality of the research as well as ethical 
considerations. 

3.1 Research process 

The research presented in this thesis has been conducted between July 2014 
and January 2017. The research has mostly been conducted within the 
research project KOPtimera, which analysed competitive positioning of SDPs, 
not only based on SLTs, but also explicitly related to the cost of lead-time. Since 
the purpose of the research presented in this thesis was to analyse SLTs within 
NPD, purchasing, and production, as well as the implications that SLTs have 
on manufacturing companies’ FP, the two research projects had common 
interests in SLTs and their implications on FP. KOPtimera was, therefore, 
seen as a suitable research project in which to conduct this research. 
Furthermore, the researcher wrote his master’s thesis (Hedén & Tiedemann, 
2014) in connection with KOPtimera and, therefore, had some prior 
knowledge of the research context and the companies studied in the research 
project. The master’s thesis can, therefore, be seen as a preliminary study, 
even though not the original intention, helping the researcher to get 
familiarised with the companies and the context. 

The four papers appended to this thesis can be read as individual studies, 
and will also be referenced in this chapter. As stated earlier, this research 
started formally in July 2014; however, some empirical data related to Study I 
had already been collected in the beginning of May 2014, as shown in Figure 
3-1. The data collection in Study I has been going on the longest, almost a year 
in total. The data collected have been analysed in parallel with the data 
collection and, in the end, with the writing of Paper I, which presents Study I. 
Study II was conducted concurrently with the completion of Paper I. As 
discussed later in this chapter, Paper II is an analytical conceptual paper and 
was written alongside the gathering of the literature, as shown in Figure 3-1. 
Study III was then conducted in the late autumn of 2015, and Paper III also 
began in the latter part of the data collection. The writing of the conference 
version (C) of Paper IV (Paper IV (C)) began at the same time as Study IV, 
with the literature study; however, the empirical data was collected between 
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the middle of February and March 2016. The conference version of Paper IV 
was then made into a working paper (W) (Paper IV (W)) during the period 
October 1 to November 30, 2016. This was at the same time as this Licentiate 
thesis was finalised; between mid-August 2016 and mid-January 2017. 

 

 
Figure 3-1. Timeline of the research process. 

3.2 Research approach 

One of the major purposes for a PhD dissertation (in this case, a licentiate 
thesis) is to contribute to knowledge (Isaac et al., 1992), including managerial 
(i.e. practical) as well as theoretical contributions. This was one reason for 
choosing an interactive research approach, which is based on co-production 
and joint learning. The ambition of interactive research is not to do research 
on the case companies; it is, rather, to carry out research together with the case 
companies, where the companies also have an important role in the analytical 
work by providing practical useful knowledge as well as identifying practical 
problems (Svensson et al., 2002, p. 11). This approach has helped the 
researcher in identifying managerial problems, making sure that the research 
results have a managerial contribution, as well as connecting theory to 
imperial problems, thereby enabling the application of theoretical solutions to 
empirical problems, and in the end academic results. This approach (i.e. 
interactive research) is illustrated in Figure 3-2. 

 
Figure 3-2. An illustration of the interactive research process. 
Note. Adapted from Aagard Nielsen and Svensson (2006, p. 245) and Ellström (2007, p. 5). 

By using this approach, the researcher found it easier to gain access to the 
case companies as well as to get more credible data, where both the academic 
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researcher as well as the industrial researcher gain from the research 
conducted. 

3.3 Research methods 

The choice of research methods depends on the purpose of the research and 
topic of study. Here, the purpose was to analyse SLTs within NPD, purchasing, 
and production, as well as the implications that SLTs have on manufacturing 
companies’ FP. Analysis as defined here is to separate the whole into its 
component parts and to examine its elements and relationship (adapted from 
Merriam-Webster, 2016a). The purpose of this research is, therefore, seen as 
what Voss et al. (2002) defined as theory building, where the purpose is to 
describe key variables, identify linkages between variables, and determine why 
these relationships exist. In this research the key variables of SLTs were to be 
described, and SLTs’ implications (i.e. linkages) on manufacturing 
companies’ FP was to be both identified and described. 

In theory building research, there are, according to Wacker (1998), two 
major classifications of methods, analytical and empirical, as shown in Figure 
3-3. These two classes can then each be divided into three subcategories. Of 
these six subcategories, the two categories analytical conceptual research and 
empirical case study (see Figure 3-3) can be used in a qualitative way, which is 
the nature of this research. In accordance with the argument put forward by 
Wacker (1998), that no single method is superior to any other and that they 
serve different, but important purposes for theory development, a 
combination of analytical conceptual research and empirical case study have 
been used in this research. Furthermore, since this research had access to the 
five case companies in KOPtimera, the researcher considered case studies to 
be a suitable research method. 
 

 
Figure 3-3. The major classes and subcategories of theory building. 
Note. Adapted from Wacker (1998, pp. 373-375) and Bäckstrand (2012, p. 20). 
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theories and models. In fact Wacker (1998) says that using empirical data, 
gathered from empirical methods (e.g. case studies) is a way of refuting results 
from conceptual research and the other way around, see Table 3-1. 

Table 3-1. Comparison between the methods used  

 Analytical conceptual 
research 

Empirical case study 
research 

Types of research 
included 

E.g. conceptual modelling E.g. field studies and case 
studies 

Refutation methods Empirical data from 
empirical methods, e.g. 
case studies 

Analytical/logical 
inconsistency 

Importance to 
operations 
management theory-
building 

Develops new logical 
relationships for 
conceptual models of 
theory 

Tests and develops 
complex relationships 
between variables to 
suggest new theory 

Note. Adapted from Wacker (1998, p. 376). 

Analytical conceptual research is a way of adding new insights into 
traditional problems through logical relationship building (Wacker, 1998, p. 
373). Analytical conceptual research can help in expressing new conceptual 
perspectives on theory, to better explain and integrate underlying theories. 

Case study research is a way for the researcher to explore the dynamics 
presented within a single setting in greater depth. This approach or method is 
particularly suitable for research areas where existing theory appears 
inadequate (Eisenhardt, 1989), such as the implications that SLTs have on 
manufacturing companies’ FP. Case studies are also the method most 
commonly used within operations management and, according to Voss et al. 
(2002), is one of the most powerful research methods in operations 
management. 

3.3.1 Case selection 

As presented earlier, the researcher had access to the five case companies in 
the research project, KOPtimera, and so the case companies were not selected 
by the researcher himself. However, based on the purpose of the research 
presented in this thesis, four selection criteria can be identified: (1) The case 
companies should be manufacturing companies and have some form of 
customer-order-driven production, meaning that the CODP was not to 
coincide with the end of the system; (2) If all six SLTs were to be analysed, the 
companies should produce customised products; (3) The companies should 
be interested in, and have basic knowledge of, SLTs; and (4) The companies 
should also have the functions of NPD and purchasing. The four 
manufacturing case companies in KOPtimera fulfil all of these four criteria. 
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The fifth company is, however, a consultancy company, working with 
manufacturing companies, and the representatives in the project have 
experience working in and/or with manufacturing companies. The 
consultancy company have, therefore, been used for the representatives’ 
knowledge and experience of working with manufacturing companies, treat 
the same issue. 

The case companies in KOPtimera were: Combitech AB (Combitech) in 
Linköping/Jönköping, Ericsson AB (Ericsson) in Borås, Fagerhult Belysning 
AB (Fagerhult) in Habo, Parker Hannifin Manufacturing Sweden (Parker) in 
Trollhättan, and Siemens Industrial Turbomachinery AB (Siemens) in 
Finspång. All of the companies are located in Sweden and in Table 3-2, the 
companies and their products/services are presented. Here also, the turnover 
(in EUR) and number of employees for the year 2015 are presented, to give 
the reader a better understanding of the company size. 

Table 3-2. The five case companies 

Case company Products/services 
Turnover 

(EUR) 
Empl0yees 

Ericsson AB Telecommunication 
equipment 

13,162,952* 19,227* 

Siemens Industrial 
Turbomachinery AB 

Gas turbines 1,201,030 2,597 

Combitech AB Manufacturing 
consultancy services  

175,443 1,355 

Fagerhult Belysning 
AB 

Luminaires 136,678 586 

Parker Hannifin 
Manufacturing 
Sweden 

Hydraulic pumps and 
motors 

n/a 230 

* The numbers are for the part of Ericsson producing communication equipment, of which the site 
in Borås is only a part. 

Note: Based on data from Amadeus (2016). 

3.4 Data collection and data analysis 

In this subchapter, the data collection and data analysis will be presented. This 
presentation will use the four studies performed in the research as well as the 
Licentiate thesis, each presented under a separate subheading. The research 
method, case company, data collection techniques, and the data analysis 
conducted in the four studies are also summarised in Table 3-3. 
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Table 3-3. Summarising the four studies conducted 

 Study I Study II Study III Study IV 

Research 
method 

Multiple case 
study 

Analytical 
conceptual 
research 

Single case 
study 

Multiple case 
study 

Case 
company 

• Fagerhult 
• Parker 
• Siemens 

• Parker* • Parker • Combitech 
• Ericsson 
• Fagerhult 
• Parker 
• Siemens 

Data 
collection 
technique 

• Traditional 
literature 
review 
• Interviews 
• Observations 
• Workshops 
• Documents 

• Traditional 
literature 
review 
• Secondary 

data from 
Bäckstrand 
(2012) as well 
as Hedén and 
Tiedemann 
(2014) 

• Traditional 
literature 
review 
• Interviews 
• Observations 
• Documents 

• Traditional 
literature 
review 
• Interviews/ 

focus groups 
• Workshops 

Data 
analysis 

• Mapped data 
into the EDP 
framework 
• Method, 

investigator, 
and source 
triangulation 
• Within- and 

cross case 
analysis 

• Content 
analysis, 
based on the 
conceptual 
framework 
developed 

• Method, 
source, and 
investigator 
triangulation 
• Within 

analysis 

• Method and 
source 
triangulation 
• Within- and 

cross case 
analysis 
• Pattern 

matching 

* Study II is not a case study, however, secondary data from case studies conducted at Parker have 
been used. 

 
The data collected for this research was a combination of qualitative and 

quantitative data. Both types of data have been collected, however, using 
qualitative data collection techniques, namely a combination of literature 
review, interviews, focus groups, document studies, and direct observations. 
The reason for using a combination of data collection techniques is that no 
single source or technique has a complete advantage over the other. The use 
of multiple collection methods enables the researcher to use method 
triangulation. 



 

25 

As shown in Figure 3-1, the data have been collected continuously during 
the research, which is a common practice when doing qualitative research 
(Denscombe, 2010, p. 239). This way, the researcher has been able to follow 
up on interesting leads found in the data during the research. In fact, Merriam 
(2009) says that this is a way of gaining more trustworthy data. The types of 
data analysis techniques used are triangulation, within- and cross-case 
analysis, and pattern matching. Triangulation is not as much a data analysis 
technique than a way to ensure quality in research. The researcher, however, 
also sees that it is a way of structuring the analysis, and therefore triangulation 
will be discussed both in this subchapter (i.e. data collection and analysis) as 
well as Subchapter 3.5, Research quality. 

3.4.1 Study I 

Study I is a multiple case study with several contexts (Yin, 2003), since three 
companies were included and the same unit of analysis were studied at each 
company. 

Study I started off with a preliminary study at the case company, Fagerhult. 
An interview protocol with open-ended questions was formulated and used 
during the three on-site, face-to-face interviews conducted on May 21, 2014 
(see Table 3-4). The interviews were what Gillham (2000) termed open-ended, 
where a few key questions was discussed, and where the respondents were 
free to present their perceptions of the NPD processes. This technique allows 
the researcher to explore the context and use probing questions to follow up 
on interesting leads provided by the respondents. 

The interviews were audio recorded, and transcript summaries were made 
shortly thereafter by the researcher. The data was then used to describe the 
different processes that the case company had for technology development 
and NPD. Based on the description, follow-up questions were formulated and 
discussed during an on-site, face-to-face interview conducted August 27, 2014. 
At the same time, observations were also made (see Table 3-5) in order to get 
a better understanding of the company’s products and context. 

The descriptions made from the first interviews were then updated, and 
different products were used to illustrate the processes. The descriptions were 
then presented at a workshop, where all of the five case companies in 
KOPtimera were represented and discussion was held concerning the 
processes. At this time, new observations were made (see Table 3-5), where the 
focus once again was on the products the company was developing and 
producing, as well as on how the products were produced. 

The next phase of the study was a traditional literature review conducted 
in the areas of technology development, NPD, and decoupling points. There, 
a framework for engineering decoupling points (EDP) was obtained. 
Analytically, this EDP framework was then revised in order to ease the data 
collection that was to be carried out. Based on the revised EDP framework, a 
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new interview protocol with a few key questions was formulated and discussed 
with the case companies, Parker and Siemens. The questions once again 
related to the companies’ technology development and NPD processes as well 
as to whether they were forecast-driven or customer-order-driven. These 
interviews were conducted on-site and face-to-face on October 23, 2014 and 
November 6, 2014; during these interviews, the case companies’ processes 
were mapped into the revised EDP framework. More information on the 
interviews can be found in Table 3-4. During the interview with Parker, 
observations were also made (see Table 3-5), where Parker’s products and 
production were observed so the researchers could get a better understanding 
for the context as well as the products developed. Siemens’ products and 
production, however, was observed earlier, during the researcher’s writing of 
his master’s thesis, as well as during a later workshop in KOPtimera, on 
November 25, 2014, as shown in Table 3-5. The interviews with the Parker and 
Siemens were then transcribed, and documents of their processes and 
organisation were obtained. 

The data analysis was mainly conducted through positioning the case 
companies’ development processes into the revised EDP framework. This was 
first done individually for each of the companies, before comparing the 
mapping and data between the companies; this technique is what Merriam 
(2009) defined as within-case analysis and, respectively, cross-case analysis. 
Furthermore, method triangulation and source triangulation (Williamson, 
2002) were used to triangulate data both between different collection methods 
as well as between respondents within the same case companies. Also, a form 
of what Denzin (2009) and Torrance (2012) term investigator triangulation 
was used, where the data was discussed between the researchers conducting 
the study (i.e. the authors of Paper I). When needed, follow-up questions were 
discussed with the respondents by telephone and email. In addition, two 
follow-up interviews were conducted electronically with a product developer at 
Siemens, on March 16 and 31, 2015, through the use of online communication 
tools. 

Paper I, in which Study I is presented, was also sent back to the 
respondents at the case companies. This way, the respondents were given the 
chance to control, give comments, and edit out any information they viewed 
as misleading, untrue, or confidential—a process Carlson (2010) defined as 
member checking. 
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Table 3-4. Interviews and focus group carried out in the research 

Respondents For 
Paper 

Time 
(min.) 

Date 

Project Leader for NPD (Fagerhult) Paper I 74 2014-05-21 
Master Planner and Planning Team Leader, Production 
engineer material control, & Logistics Manager 
(Fagerhult) 

Paper I 78 2014-05-21 

Customer Design Adaption Manager (Fagerhult) Paper I  41 2014-05-21 
Project Leader for NPD, & Logistics Manager 
(Fagerhult) 

Paper I 106 2014-08-7 

Demand Planner S&OP, Product Developer, & 
Purchasing Manager Service (Siemens) 

Paper I 65 + 97 2014-10-23 

Inbound and Outbound Manager, & Project 
Administrator Pump and Motor Division (Parker) 

Paper I 116 2014-11-06 

Product Developer (Siemens)* Paper I 49 2015-03-16 
Product Developer (Siemens)* Paper I 49 2015-03-31 
Inbound and Outbound Manager (Parker)* Paper III 42 2015-10-14 
Inbound and Outbound Manager (Parker) Paper III 40 + 28 2015-12-16 
Strategic Purchaser, & Inbound and Outbound 
Manager (Parker) 

Paper III 52 2015-12-16 

Inbound and Outbound Manager (Parker) Paper IV 85 2016-02-17 
Inbound and Outbound Manager (Parker) Paper IV 85 2016-02-17 
Senior Supply Developer, & Operational Developer 
(Ericsson) 

Paper IV 98 2016-02-29 

Logistics Manager, Team Leader Operational 
Purchaser, & Master Planner and Planning Team 
Leader (Fagerhult) 

Paper IV 95 2016-02-29 

Senior Consultant Logistics manager(Combitech) Paper IV 92 2016-03-01 
Manager S&OP, & Demand Planner S&OP (Siemens)* Paper IV 79 2016-03-02 
Focus group conducted with ten respondents, two from 
each case company in KOPtimera. The respondents 
were: The Business Unit Manager, and the Senior 
Consultant Logistic Manager at Combitech; the Global 
Supply Chain Architect Manager, and the Operational 
Developer Manager at Ericsson; the Logistics Manager, 
and the Team Leader for Operational Purchasing at 
Fagerhult; the Inbound and Outbound Manager, and 
the Project Administrator for Pump and Motor Division 
at Parker; the Manager for Sales & Operations 
Planning, and the Strategic Logistics & Development 
manager at Siemens 

Paper IV 148 2016-03-10 

Bertil Ågren Licentiate 
thesis 

180 2016-08-22 

Note. * Interview conducted electronically (i.e. through the use of online communication tools or 
telephone). 
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Table 3-5. Observations carried out in the research 

Company Comment For 
paper 

Time 
(min.) 

Date 

Fagerhult The Project Leader for NPD & the 
Logistics Manager held a guided tour of 
the production site in Fagerhult. Focus of 
the tour was their products, inventory, and 
the production. 

Paper I 40 2014-08-27 

Ericsson The Senior Supply Developer & the 
Operational Developer held a guided tour 
of their site in Borås. Focus of the tour was 
their products, inventory, and the 
production. 

Paper I 30 2014-10-29 

Combitech The Business Area Manager, the 
Consultant Manager Design, & the 
Consultant Manager Logistics & Purchase 
presented their processes and products. 

Paper I 45 2014-11-05 

Parker The Inbound and Outbound Manager & 
the Project Administrator Pump and 
Motor Division held a guided tour of their 
site in Trollhättan. Focus of the tour was 
their products, inventory and the 
production as well as their work with Lean 
and Kanban. 

Paper I 45 2014-11-06 

Fagerhult During Workshop 2 the industrial 
researchers and the academic researchers 
in KOPtimera was guided through 
Fagerhult production site in Fagerhult. 
The Project Leader for NPD & the 
Logistics Manager held a presentation of 
their production layout as well as the 
products Fagerhult produces. 

Paper I 60 2014-09-16 

Siemens During Workshop 3 the industrial 
researchers and the academic researchers 
in KOPtimera was guided through 
Siemens production site in Finspång. The 
focus of the tour where their products, 
production system as well as NPD. 

Paper I 180 2014-11-25 

Parker Observing the production of the F12 motor 
in general, focusing on the item that was 
studied. Here also the inventory, the 
station where the item is mounted on the 
motor as well as how the item is engraved 
was observed and discussed.  

Paper III 35 2014-12-16 
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3.4.2 Study II 

Study II is an analytical conceptual study, that started off with a traditional 
literature review within lean, agile, legality, SLTs, and SDPs. Here, new 
insights were added through a conceptual perspective, where theories were 
used to integrate leagility, SLTs, and SDPs in a triad of actors. This resulted in 
a conceptual framework of four interfaced configurations, where each was 
illustrated using secondary data presented in Bäckstrand (2012) and in the 
master’s thesis written by the researcher (Hedén & Tiedemann, 2014). The 
secondary data was, therefore, partially collected by the researcher, through 
the use of a multiple case study, and the content was analysed through the use 
of the conceptual framework. 

Paper II, in which Study II is presented, was then sent to Parker, giving 
the case company representatives the chance to give comments and edit out 
any information that might be considered false or misleading. 

3.4.3 Study III 

Study III is based on a single case study design; an empirical problem was 
identified through the use of tools from the Customer-driven purchasing 
(CDP) method (Bäckstrand, 2012). Here, “natural” conversation was used as 
a interview form (Gillham, 2000) when discussing the time-phased BOM for 
one of Parkers product families. The time-phased BOM was used, as 
presented in Bäckstrand (2012). However, updates have been made to the 
product structure since it was published, and these updates were discussed 
and changes were made to the time-phased BOM during this interview to 
reflect the new (actual) state. The interview was conducted by telephone on 
October 14, 2015 (see Table 3-5). Based on the updated time-phased BOM, a 
problem could be identified that related to item uniqueness and SLTs. Here, 
a hypothesis was formulated, using the tools presented in the CDP method, 
and it was argued that CoU items purchased upstream of the CODP are 
related to higher risk and increased complexity, compared to purchasing CU 
items.  

The CDP method and literature within the areas of SLTs and SDPs were 
then used to formulate an interview protocol for collecting empirical data 
concerning the identified problem and the hypothesis. The interview protocol 
consisted of a combination of open and closed questions where the questions 
were discussed during three separate semi-structured interviews conducted 
on-site and face-to-face on December 16, 2015. During the interviews, 
documents concerning a specific item group within the product family were 
collected. These documents contained information regarding the item groups’ 
inventory levels, price, and lead-times. Furthermore, on the same day as the 
interviews were conducted, observations were also made (see Table 3-5). 
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The interviews were audio recorded and transcribed shortly thereafter to 
ease the data analysis. The data was then triangulated, between the different 
data collection techniques, the different respondents, and the different 
researchers—what Torrance (2012) described as method triangulation, source 
triangulation, and investigator triangulation, respectively. Follow-up emails 
and telephone interviews were made when data needed to be clarified or 
complemented. To reduce the risk of bias and misunderstanding, the data as 
well as the paper in which the study was documented (i.e. Paper III) were also 
sent back to the respondents for comments. 

3.4.4 Study IV 

The last study conducted (i.e. Paper IV) uses a multiple case study design, 
including the five case companies in KOPtimera. In contrast to study I, II, and 
III, this study is presented in two papers; the study was first made into a 
conference paper, which was presented at the EurOMA conference in June 
2016, then it was reworked and made into a working paper that was submitted 
to a special issue of International Journal of Operations & Production 
Management (IJOPM). 

The study can be divided into four parts. The first part was a workshop that 
was held at Ericsson on December 2, 2015. The objective was to improve the 
case companies’ understanding of SLTs, which were presented by a moderator 
(i.e. the researcher), followed by interactive discussions between the 
respondents. This procedure was a focus group, according to the definition 
presented by Saunders et al. (2012). During the focus group, two or three 
respondents from each of the five case companies took part, and a total of 13 
respondents were involved. 

In the second part of the study, a combination of individual and group 
interviews were conducted with the respondents from the case companies. 
These interviews were conducted between the February 17 and March 2, 2016 
(more information about these interviews can be found in Table 3-4). Here an 
interview protocol was made, based on the conceptual model by Wikner 
(2015), where the focus was on the implications that SLTs have on the absolute 
measures of income, cost, and investment in manufacturing companies. The 
questions concerned how each of the six SLT impacts the three absolute 
measures, as well as how each of the three absolute measures would change 
if one SLTs was to be increased or decreased with all the others held constant 
(i.e. ceteris paribus). These interviews were semi-structured, as defined by 
Saunders et al. (2012), where the interview protocol consisted of a few key 
questions, and probing questions were used to follow up on interesting leads 
provided by the respondents. The interview protocol was sent out to the 
respondents shortly before the interviews, so the respondents could prepare 
themselves properly, as recommended by Voss et al. (2002). During the 
interviews, the interview protocol also worked as an illustrative discussion 
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point, and was filled in by the researcher during the interviews. Furthermore, 
all interviews except the one conducted with Siemens lasted around two hours 
and were conducted on-site and face-to-face. The interview with Siemens was 
instead conducted electronically (i.e. through an online communication tool). 
The audio recordings were then transcribed and, together with the notes from 
the interview protocol, coded and grouped by construct category. The 
empirical data were first analysed separately (i.e. within-analysis) for each 
company and made into separate condensed tables. The tables were then sent 
to the corresponding case companies for feedback and checking of the data; 
the data was then compared with the data from the other companies using 
what Merriam (2009) termed cross-case analysis. 

In the third part of the study, a new focus group was held during a 
workshop conducted at Jönköping University on March 10, 2016 (see Table 3-
4). Before the focus group, the researcher had done a traditional literature 
review regarding lead-times and their implications on FP in manufacturing 
companies. The information from the literature review and the results were 
then turned into a slide presentation that was presented by the researcher at 
the workshop. Once again, the researcher took the part as a moderator, first 
presenting the literature and the synthesised empirical data, then leading an 
interactive discussion between the participants. Two respondents from each 
case company participated, resulting in a total of ten respondents. During the 
focus group, the respondents discussed SLTs and their implications on the 
absolute measures of return on investment (ROI) with the moderator (i.e. the 
researcher) as well as among themselves and the other academic researchers 
in KOPtimera. The discussion lasted approximately two and a half hours and 
was audio recorded so the researcher could go back and listen to the discussion 
and make changes to the results from the study. The recordings was then 
compared with the conceptual model by Wikner (2015), using pattern-
matching logic (Yin, 2009, p. 136). The result from the first three phases was 
then summarised into the conference paper that was presented by the 
researcher at EurOMA 2016. 

In the fourth part of the study, a traditional literature review once again 
was conducted, where both books and journal publications concerning lead-
times and FP were searched using electronical databases. Based on the search 
results, the researcher read abstracts and published literature reviews in order 
to identify new relevant literature. As a result, new books and journal 
publications were added to the literature used in the journal paper; also, the 
empirical data was revisited and, based on the data and the literature, a new 
conceptual framework was developed. This framework takes both the model 
by Wikner (2015) and the new insights from the empirical data and literature 
into consideration. 
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3.4.5 Licentiate thesis 

When writing the Licentiate thesis, both the literature used throughout this 
research and the results from the studies were revisited in order to document 
the research performed. During the literature review on DPs, a face-to-face 
interview was conducted with B. Ågren, one of the first researchers to study 
the CODP in Sweden. Here the CODP was discussed, mostly from a historical 
perspective, discussing where the concept comes from as well as how B. Ågren 
have used it in his studies. This interview was conducted on August 22, 2016, 
as shown in Table 3-4; the researcher was also given documents and reports 
done on the CODP by B. Ågren. 

During the writing of the Licentiate thesis, the researcher has also gone 
back to the collected empirical data to see if more results can be found, based 
on the new insights and literature obtained later in the research. 

3.5 Research quality and ethical considerations 

In the following subchapter, both the quality of the research as well as some 
ethical considerations will be discussed under separate subheadings. 

3.5.1 Research quality 

To measure the quality of any research conducted, it is important to evaluated 
the study based on certain criteria. The criteria chosen for discussing the 
trustworthiness and quality of this research are: credibility, transferability, 
dependability, and conformability (Lincoln & Guba, 1985; Saunders et al., 
2012). 

Credibility is sometimes termed internal validity (see e.g. Yin, 2009; 
Saunders et al., 2012). Here, the term credibility will be used, and is the extent 
to which findings can be attributed to interventions rather than any flaws in 
the research design (Saunders et al., 2012). Hence, credibility is associated 
with the research design and the sufficiency of data collected to make 
conclusions and to reduce bias. To reduce the risk of bias and 
misunderstandings, the researcher has audio recorded the interviews and 
transcribed summaries. This allows the researcher to review the empirical 
data several times, which according to Saunders et al. (2012) and Voss (2009, 
p. 181) helps to reduce bias. The empirical data used have also been sent back 
to the corresponding respondents in order for them to provide comments. 
This way, the respondents have had the ability to normalise any empirical data 
that were not to be published as is or to edit out any data that could be 
misleading or untrue. This process helps to reduce the risk of researcher bias 
and misunderstandings. The procedure can be seen as a way of conducting 
member checking, in accordance with the definition given by Carlson (2010), 
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and is according to Guba and Lincoln (1989) the most important way of 
achieving credibility in research. As discussed before, most of the empirical 
data have been collected in parallel with the data analysis, where 
complementary data have been searched when needed. This way of working 
with the data analysis helps in reducing the bias even further, according to 
Eisenhardt and Graebner (2007). 

Another way of achieving credibility is through the use of triangulation (i.e. 
method-, source-, and investigator-triangulation; Voss et al., 2002; Shenton, 
2004; Merriam, 2009; Yin, 2009). Denscombe (2010), however, raises a 
concern and says that results from triangulation sometimes can be 
overestimated. To mitigate this problem, a multiple case study design has 
been used when possible. By using multiple cases, researchers can compare 
the data both within, as well as between, cases (e.g. within- and cross-case 
analysis). Multiple case study design is one way of reducing the problem of 
overestimated results (Voss et al., 2002; Voss, 2009, pp. 170, 181). Finally, the 
respondents have all been enlightened that participating is voluntary, which 
also helps ensure credibility (Shenton, 2004). 

Conformability is what Yin (2009) terms construct validity and is here 
seen as a parallel to the traditional research criterion objectivity, meaning that 
the findings reflect the results of the research conducted, and not researcher 
bias. This criterion is probably the most difficult to fulfil. The literature 
selected during the literature reviews was to some extent based on the 
researcher’s undergraduate and master’s studies, as well as by the fellow 
researchers. The literature reviews can also be seen as traditional narrative 
reviews, which are often subject to the bias of the researcher conducting them. 
However, the case companies selected were outside the researcher’s influence, 
increasing the objectivity connected to the selection of case companies. To 
reduce the bias of the study, multiple sources of evidence have been used 
when applicable and necessary. The data have also been sent back to the key 
informants at each respective company, in order for them to review the drafts, 
further increasing the objectivity. Nevertheless, by being aware of these 
possible biases, the researcher considers the conformability criterion to be 
somewhat supported. Further discussions dealing with researcher bias can be 
found in the prior section regarding credibility. 

Transferability is what Yin (2009) terms external validity, and refers to 
whether the conclusions drawn can be generalised. Yin (2009) further says 
that this criterion is problematic to achieve within case studies. Guba and 
Lincoln (1989) instead stated that it is up to the reader to decide if the results 
are applicable or transferable to the reader’s context or not. However, for the 
reader to make this decision, Guba and Lincoln (1989) proposed that the 
researcher present the theories used as well as the empirical data from which 
the results are deduced. A summary of the empirical data can be found in the 
appended papers, where applicable, as can the theories used. Furthermore, in 
this thesis, the reader can find the literature used for this research and also 
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follow the discussion leading up to the conclusion. The researcher has also 
used literature to analyse the empirical data in the single case studies, where 
the literature itself was based on results that are transferable or generalizable. 

Finally, dependability is synonymous with reliability (Saunders et al., 2012) 
and refers to the extent to which the study can be repeated by other researchers 
with the same results (Yin, 2009; Saunders et al., 2012). For research to be 
credible and taken seriously, it should fulfil the criteria of dependability 
(O'Leary, 2009). Merriam (2009) stated, however, that a qualitative study 
conducted twice will not lead to the same results, and argued that there are 
many circumstances that contribute to the result of the research. 
Dependability is, therefore, not a measurement of whether the study can be 
replicated by others, but rather a measurement on whether others can see that 
the results makes sense given the data collected (Lincoln & Guba, 1985; 
Merriam, 2009). Hence, dependability as well as transferability is a subject 
for the reader to evaluate. The best way to increase dependability is, therefore, 
to describe the research design together with the assessment of its 
effectiveness (Shenton, 2004). This is one of the reasons this chapter is so 
long, in comparison to the other chapters in this thesis--the researcher hopes 
that by both describing the research design in detail and assessing the research 
design and its effectiveness (see Subchapter 6.3, Limitations), the 
dependability of this research will increase. 

3.5.2 Ethical consideration 

Most academics working in operations management do not discuss ethical 
considerations. However, the researcher’s opinion is that it is important to 
elaborate on the ethical dilemmas in doing qualitative research, an opinion 
shared by Creswell (2002).  

Jönköping University mainly founded this research, but also the Swedish 
Knowledge Foundation (KKS) and the participating companies. Both 
Jönköping University and the KKS are, in one way or the other, financed by 
the Swedish government and thereby the public. The findings and knowledge 
gained from the research should, therefore, be disseminated to the public. 
This is consistent with the bylaws of the KKS (Swedish Knowledge 
Foundation, 2011), and the guidelines from Jönköping University’s board 
(Jönköping University, 2015), who advocates that knowledge and know-how 
should be communicated to the public. Therefore, the papers appended to the 
licentiate thesis as well as the thesis itself have been or are to be published in 
the Digital Academic Archive Online (DIVA), an open-access database. 
Through publication, the research findings will be made accessible also to 
those who do not have access to scholarly journals and commercial journal 
databases. 

Whatever methodology used, the fundamental ethical principle of all 
research is to do no harm (Simons, 2009, p. 96). In case studies, and 
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especially during interviews, sensitive, personal, or problematic information 
may be disclosed (Simons, 2009). In order to safely keep the respondents’ 
integrity, all participants have been informed that the information obtained 
through the study will be treated confidentially and that participating in the 
research is voluntary (i.e. by oral consent; Blumberg et al., 2011, p. 116). 
Information considered to be identifiable or confidential, such as names and 
financial figures, have been removed or normalised in reports and scientific 
publications, if required by the respondents. Furthermore, in addition to 
member checking (Carlson, 2010), the respondents have also been given the 
chance to edit out information before the publishing of the appended papers. 
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4 Summary of papers 
The chapter starts off by presenting the intended links between the two ROs 
and the four appended papers. In the second part of the chapter, the four 
appended papers are summarised, to give the reader a brief understanding of 
each paper’s respective purpose and results. At the end of each summary the 
contribution of the researcher is presented. The chapter then ends by 
summarising each papers contribution to the two ROs. 

4.1 Linking the ROs to the appended papers 

The purpose of this research was to analyse SLTs within NPD, purchasing, 
and production, as well as the implications that SLTs have on manufacturing 
companies’ FP. To fulfil this purpose, two ROs were formulated; in Figure 4-1, 
the four appended papers are positioned based on which ROs they were 
intended to help fulfil. In Paper I, NPD was studied based on the activities 
conducted in development processes and whether these activities are forecast-
driven or customer-order-driven. This has helped the researcher to get a better 
understanding for the three SLTs S, D, and AD, in the context of NPD, and is 
therefore linked to RO 1, as shown in Figure 4-1. 
 

 
Figure 4-1. The link between the research purpose, the ROs, and the 
appended papers. 

Paper II presents a direct supply chain (i.e. a triad of actors), where a 
customer actor purchases goods from a focal actor, who in turn purchases 
goods from a supplier actor. In the paper, the two risk-based SLTs S and D are 
used in four different combinations to conceptually illustrate four interface 
configurations. Paper II is therefore linked to RO 1, by analysing two SLTs 
within the areas of production and purchasing. 

In Paper III, a case, where a manufacturing company went from only 
offering CG signs to also offer CU signs, was studied. Here, the adaptation 
was already made at the supplier, meaning that the SLTs S, D, E, AD and in a 
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way also AS as well as I, could be analysed. The study in the paper further 
started to unravel some of the implications that SLTs have on FP in terms of 
revenue and cost. Therefore, Paper III links to RO 1, but partially also to RO 
2, and are therefore positioned accordingly in Figure 4-1. 

Paper IV is the paper that most clearly is linked to RO 2, where a 
framework that captures the implications of SLTs on FP was developed. The 
paper discusses SLTs as well as SDPs in the context of purchasing and 
production. However, the ideas presented in the paper can also be related to 
NPD, where the CODP and CADP can be positioned within NPD, and thereby 
have implications for the length of S, D, AD, and As in terms of adaptations 
that can be made but are not offered today. I and E, and thereby PODPs can 
also be used within NPD since these activities could be outsourced to an actor, 
uncontrollable by the focal actor. Paper IV, therefore, also helps in 
contributing to RO 1 by analysing SLTs, and is positioned into Figure 4-1 
correspondingly. 

4.2 Paper I 

The purpose of the study (i.e. Study I) presented in Paper I was to extend and 
apply the engineering decoupling point (EDP) framework in order to increase 
the understanding of the development processes within the manufacturing 
industry. 

The paper presents a framework for classifying different EDPs; the 
framework was conceived and developed within the context of complex civil 
and structural construction projects (Gosling et al., 2011). Within this context, 
customers and clients can penetrate far into the engineering activities (i.e. the 
activities carried out in NPD and technology development) for one-of-a-kind 
requirements. In Paper I, the EDP framework was revised to ease the mapping 
and comparison of the three case companies’ development processes. 
Furthermore, the EDP framework was integrated with Wheelwright and 
Clark’s (1992) four types of development projects. The combining of literature 
revolving around DPs, NPD, and development projects, as well as the 
application of the revised EDP framework, resulted in some new insights and 
an increased understanding for development processes within the 
manufacturing industry, and are further discussed herein. 

The forecast-driven technology development and NPD processes at the 
three case companies can all be classified based on the four types of 
development projects presented by Wheelwright and Clark (1992), which is 
illustrated Figure 4-2 using the symbols , , , and . However, the 
customer-order-driven processes cannot be classified based on this 
classification due to the fact that these four types of development projects only 
discuss forecast-driven projects (i.e. the products developed are intended for a 
market, rather than a specific customer). In other words, the classification 
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does not discuss projects that are conducted for a specific customer or for one-
of-a-kind products. 

 

 
Figure 4-2. The case companies' development processes positioned into 
the revised EDP framework. 

Note. Adapted from Tiedemann et al. (2015, p. 6). 

The application of the EDP framework also showed that the case 
companies’ technology development and NPD processes were separated, in 
accordance with the recommendation put forward by Lakemond et al. (2013). 
Furthermore, the application showed that the processes did not always start 
out with the first activity in the EDP framework and that the technology 
development processes ended when materials, principles or applications had 
been tested (i.e. the activities carried out in “Engineer”), thereby not working 
through all the activities. The application also showed that the customer-order-
driven projects conducted within the NPD processes may include different 
activities depending on the type of project undertaken, as well as that the 
projects in most cases include fewer activities and that the activities where 
more standardised (see Figure 4-2). To sum up, the three case companies use 
several development processes, partly in sequence, partly overlapping, 
depending on the type and scope of the project conducted. 

The practical outcome of the study was the revised EDP framework, which 
offers practitioners and researchers a way to describe and visualise the content 
of their development processes, and to classify both the extent to which 
engineering activities are customer-order-driven, as well as how different 
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development processes relate to each other. Managers within manufacturing 
companies can thereby use the EDP framework to map their development 
processes and create a neutral and visual platform for communication 
between different functions (e.g. engineering, logistics, and purchasing). 
Having established the underlying structure of their development processes, 
managers can then consider how they align strategies, approaches, and 
resources in order to use the time efficiently and effectively. 

 
Researcher’s contribution: Tiedemann and Johansson have collected all 

the empirical data together, where Tiedemann also transcribed the audio 
recordings from the conducted interviews. The revised version of the EDP 
framework was made by Tiedemann, where Tiedemann also had the main 
responsibility for the analysis when mapping the case companies’ processes 
into the framework. Tiedemann has also written the introduction, 
methodology, frame of reference, and the empirical findings, while Johansson 
and Gosling have helped in rewriting and improve the text as well as 
determining what literature to use within the area of NPD. The discussion and 
conclusion were first outlined by Tiedemann, but have since been reworked 
in collaboration with Johansson and Gosling. Tiedemann presented the paper 
at the 2015 EurOMA conference in Neuchâtel, Switzerland. 

4.3 Paper II 

In Paper II (i.e. Study II) the purpose was to describe the different types of 
actor interfaces that can be identified when a leagility strategy is employed by 
the two supply actors in a triad. 

Leagility is a concept first defined by Naylor et al. (1999), who argued that 
a lean approach is appropriate to use upstream of the CODP, and an agile 
approach is appropriate downstream. Lean has an efficiency focus (i.e. cost-
based), and agility has a flexibility focus. Leagility is, hence, used in the paper 
as a concept for describing the leagility strategy, where an actor has an 
efficiency focus upstream from the CODP and a flexibility focus downstream 
from the CODP. The concept of leagility in a dyad setting is usually 
manageable; however, when applied in a triad with a manufacturing company 
supplying another manufacturing company, corresponding to a direct supply 
chain (Mentzer et al., 2001), the application is less straightforward. In the 
paper, four interface configurations were identified and empirically 
illustrated, leading to the identification of two aligned and two misaligned 
configurations at the supplier actors’ interface. These four types of interface 
configurations appear in Table 4-1. 

The paper also discusses and illustrates the additional complexity that 
comes from adding a third actor, and thereby one more actor-interface, thus 
leading to multiple DPs as well as multiple Ss and Ds. The paper further 
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shows that the two risk-based SLTs (i.e. S and D) of the supplier actors, and 
consequently the positioning of the CODPs, have a critical impact on how to 
balance cost with flexibility at the actors’ interfaces. 

Table 4-1. Four interface configurations  
  Focal actor (FA) perspective 

Supplier  
actor (SA) 

 Cost (SFA>DFA) Flexibility (SFA≤DFA) 
Cost (DSA=0) Alignment 1  Misalignment 2 

perspective Flexibility (DSA>0) Misalignment 1 Alignment 2 

Source: Wikner et al. (2015, p. 118). 

 
Researcher’s contribution: The research idea presented in the paper was 

developed as a joint effort by Tiedemann and Wikner. Wikner was responsible 
for the conceptual development of the four interface configurations as well as 
the writing of the introduction and the interface configurations. Tiedemann 
helped in the proofreading and rewriting of the text, as well as in making the 
empirical illustration of the four interfaces configurations. Bäckstrand 
contributed with secondary data, and together with Johansson helped in 
proofreading and rewriting the paper. Wikner was the corresponding author 
of the paper; however, Tiedemann presented the paper at the 2015 APMS 
conference in Tokyo, Japan. 

4.4 Paper III 

In Paper III (i.e. Study III), the purpose was to investigate how the level of 
customization of constituent items in a BOM impacts cost and lead-time. This 
was done using an empirical case, where the purchasing department had not 
taken into consideration the complexity that is added when changing from 
exclusively offering and purchasing CG signs, to also offer and purchase 
several CU signs. This, in combination with a longer E, and hence S, created 
an interesting case to study. 

The decision to start offering CU signs was most certainly the right call to 
make for the case company since they have been able to generate more 
business and thereby revenue. However, the decision also resulted in an 
increased complexity for supplying these signs and the final product. The 
transition from only offering CG signs to also offering CU signs has further 
resulted in a customer adaptation decoupling zone (CADZ) upstream of the 
CODP (i.e. upstream of D), an increased number of item numbers, increased 
inventory volumes, and a longer E for the CU signs (which are not held in 
stock by the supplier as the CG signs are).  

The problem presented in the paper could be mitigated using an inventory 
optimisation model. However, this solution is only another way of mitigating 
the problem. To solve the problem, the case company needs to decrease the 
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lead-time upstream of the CODP, or postpone the adaptation to a later time 
(e.g. by purchasing CG signs or materials and adapting them by producing 
and/or printing them in-house). Another way of solving the problem would 
be to move the signs’ safety stock to the supplier or to change to another 
supplier with a shorter D. Either way, a lasting solution to the problem would 
include the reduction of lead-times in order to move the CADZ downstream 
of the CODP, meaning that the CU adaptation would be made after receipt of 
a customer order. 

 
Researcher’s contribution: The research idea as well as the data collection 

was a joint effort by Tiedemann and Bäckstrand, whereas Carlsson is one of 
the respondents who enabled the research study, and thereby was named as a 
third author. Tiedemann was made responsible for the data analysis and 
writing of the paper. Bäckstrand contributed with secondary data as well as 
writing the part of the theoretical framework concerning the CDP method. 
Both Tiedemann and Bäckstrand then improved on the work by proofreading 
the paper and making suitable changes. Tiedemann presented the paper at the 
2016 IPSERA conference in Dortmund, Germany. 

4.5 Paper IV 

In Paper IV (i.e. Study IV) the purpose was to develop a framework that 
captures the implications of SLTs on FP. The purpose was further divided into 
two ROs: (1) to identify key FP measures and SLTs, as well as (2) to analyse 
the implications of SLTs on FP. 

As discussed in the paper, to analyse and value lead-time performance, 
there is a need to use some form of relative measure, preferably one that can 
support managerial decisions (Horscroft & Braithwaite, 1990; Gelsomino et 
al., 2016), and that is already used in the industry today, in order to ease the 
practical use (Gelsomino et al., 2016). Return on investment (ROI) is such a 
measure; it tells the managers how efficiently the company uses its 
investments to support business activities and generate income. ROI is readily 
used by managers today; in fact, it is considered to be the most widely used 
FP measure (Drury, 2000). ROI is a key FP measure that managers know and 
understand, and is, therefore, considered an appropriate FP measure to use in 
evaluating and analysing lead-time performance. This is thus partially 
fulfilling the first RO presented in the paper, where the second part of the first 
RO was fulfilled by presenting the six STLs (i.e. E, I, S, D, AS, and AD). 

In the paper, the conceptual model by Wikner (2015) was used as a starting 
point and tested empirically. The result is summarised in Table 4-2, where the 
implications of SLTs on financial measures are presented based on Wikner's 
(2015) conceptual model (CM) as well as the collected empirical data (ED). The 
three SLTs D, AS, and AD can in one way or the other be connected to the 
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market (i.e. demand), where D is the lead-time the customer will have to wait 
for its goods, AS where customisations not offered today could be offered in 
the future, and where AD is the lead-time it takes to make the demanded 
customisation. These three SLTs all have implications on revenue according 
to both the model and the empirical data. When it comes to cost and 
investment, the empirical data shows that all the six SLTs have implications 
on these two absolute measures. The conceptual model however, only 
recognises E, I, and AS as having implications on cost, and the two control-
based and risk-based SLTs as having implications on investment. The 
conceptual model by Wikner (2015) does, however, only present the main 
implications that SLTs have on FP. This delimitation is not used in the 
empirical data and could be one of the logical explanations for the differences 
seen in Table 4-2 when it comes to cost and investment. The summary 
presented in Table 4-2 further fulfils the second RO presented in the paper. 
However, through the use of the literature and the empirical data presented 
in the paper, a framework was developed from the model by Wikner (2015). 
This framework is titled the FINAncial performance and STrategic lead-times 
(FinaSt) framework and extends in four different ways from the conceptual 
model. This framework recognises that: (1) Not only are the lengths of SLTs 
important, but also the mere existence of SLTs has implications on FP. (2) The 
existence of an SLT is indicated with “1” in the frameworks, and otherwise 
with a “0.” (3) The framework also recognises that, once again, not only the 
length of an SLT has implications on FP, but the uncertainty in SLT does also. 
This concept is indicated with µ (i.e. expected length) and σ (i.e. uncertainty 
of the length). (4) Last but not least, the framework also recognises that SLTs 
can have both direct and indirect implications on FP.  

Table 4-2. Implications of SLTs on FP 

Strategic lead-time Revenue Cost Investment 
CM ED CM ED CM ED 

External lead-time (Ek)       
Internal lead-time (Ik)       
Supply lead-time (S)       
Delivery lead-time (D)       
Adapt lead-time - Supply-based (AS,k)       
Adapt lead-time - Demand-based 
(AD)       

CM = Conceptual model (Wikner, 2015)  ED = Empirical data 

Note. Adapted from Tiedemann et al. (2016b, p. 8). 

To summarise the results presented, the paper (i.e. Study IV) indicates that 
it is possible to evaluate lead-time performance through FP by using readily 
available financial measures. 
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Researcher’s contribution: Paper IV is based on the conference paper, 

“SLT implications on return on assets,” which was presented by Tiedemann 
at the 2016 EurOMA conference in Trondheim, Norway. The paper was 
initiated by Tiedemann and Wikner, where Tiedemann collected the data, 
conducted the data analysis, and wrote the paper. Wikner then contributed by 
restructuring the introduction, the analysis, discussion, conclusions, and 
implications. The paper has been improved by all three authors; Johansson 
and Wikner have been involved throughout the process, giving comments and 
suggestions for improvements as well as helping edit the paper. 

4.6 Summarising the papers’ contribution 

The chapter started off by discussing the link between the research purpose, 
ROs, and the four appended papers. Here the chapter, however, ends by 
summarising each papers contribution to the two ROs, see Table 4-3. 
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Table 4-3 Summarising the contribution from each appended paper 
Paper RO 1: To analyse SLTs within 

NPD, purchasing, and 
production 

RO 2: To analyse the 
implications of SLTs on 

manufacturing companies’ FP 
I The paper discusses the different 

types of activities conducted 
within technology development 
and NPD processes as well as 
which activities are conducted 
based on a customer order. The 
SLTs D, S, AD and in some way 
also AS are analysed in terms of 
which activities are conducted 
during SLTs as well as the 
extension of SLTs. 

 

II The paper focuses on the two 
SLTs S and D within the context 
of production and purchasing, by 
looking at a triad of actors. Here, 
SLTs are analysed from four 
different interface configurations, 
identifying two misalignments, 
which were identified by 
discussing the length of the lead-
times, as well as the positioning 
of the CODP. 

 

III In the paper, all six SLTs were 
analysed in some way, where the 
focus was on investigating how 
the level of customisation of 
constituent items impacts SLTs. 

Implications of SLTs were 
studied in terms of revenue and 
cost, where the customisation 
offered resulted in increased 
revenue, but also higher costs. 

IV Even though the paper was aimed 
at fulfilling RO 2, the analysis of 
SLTs has helped in fulfilling RO 1 
as well. Here, SLTs have been 
analysed based on how SLT can 
be changed in terms of extension 
(i.e. increased or decreased) as 
well as how this will impact the 
system under study, in terms of 
purchasing and production. 

The purpose of the paper was 
closely related to the second RO 
presented in this thesis, where 
the paper presents the 
implications that SLTs have for 
FP. The paper also presented a 
framework for the implications 
that SLTs have for FP, in terms of 
existence/extension of SLTs and 
their direct/indirect impact on 
FP. 
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5 Discussion and results 
This chapter presents a discussion related to the two ROs. The chapter then 
ends by briefly summarising the fulfilment of the two ROs. 

5.1 Analysing SLTs 

In this subchapter, the first RO will be discussed: to analyse SLTs within NPD, 
purchasing, and production. The discussion will be start in the context of NPD 
and then move over more to purchasing and production  

In Paper I, none of the three case companies performed pure research or 
technology development within their NPD processes or on customer order 
(see Figure 5-1). The reason for this is highly connected to the 
recommendation by Lakemond et al. (2013) that no technology development 
should be performed within an NPD process, since this carries a higher risk 
due to technological uncertainties (Lakemond et al., 2013; Säfsten et al., 2014). 
Furthermore, NPD tends to have sharp deadlines, in contrast to technology 
development that is characterised by a high degree of uncertainty with diffuse 
competence needs (Nobelius, 2002; Lakemond et al., 2013; Säfsten et al., 
2014). Herein lies a probable difference between NPD projects within 
manufacturing companies and complex civil and structural construction 
projects, in which the original EDP framework introduced by Gosling et al. 
(2014) was conceived. In the latter context, the customers and clients can 
penetrate far into the engineering activities for one-of-a-kind customisation 
requirements (Gosling et al., 2011; Gosling et al., 2014). This willingness to 
let the customer affect the very core of the product is not as likely within 
general manufacturing companies, which normally produce higher volumes 
and more standardised products. 

The technology developed in the forecast-driven technology development 
processes is to be used in the NPD processes for developing or adapting 
products. Nevertheless, the new technology developed was, in most cases, 
integrated into a product in a forecast-driven NPD process before it was 
applied in a customer-order-driven NPD process. This is illustrated with the 
thinner black arrows, connecting the different processes in Figure 5-1. Once 
again, the reason for doing so was in most cases usually the novice use of the 
technology and the technology readiness level. 

Fagerhult and Siemens did, however, some form of testing of materials 
and applications in customer-order-driven NPD projects, to test material and 
applications within the specific contexts where the products were to be used, 
or to verify that the products complied with the codes and standards set upon 
them. Therefore, the CODP could be positioned at “engineering” in the EDP 
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framework, as shown in Figure 5-1, where the “zone of departure” for 
Fagerhult and Siemens are positioned in the “engineering” activities. 
 

 

Figure 5-1. The case companies’ development processes positioned into the 
EDP framework.  

Note. Adapted from Tiedemann et al. (2015, p. 6). 

Nevertheless, as Figure 5-1 shows, the CODP could also be positioned 
before each and every subclass between “complete” and “engineering”. 
Hence, the customer-order-driven activities could range from relatively simple 
adaptations to existing products, all the way to the development of more 
complex products where tests of material and/or applications are needed. In 
most cases, however, the customer-order-driven NPD processes included 
fewer development activities, and the activities carried out were more 
standardised. The range of the project, and thereby the process, usually 
reflects what the customer requests and how different the new solution is 
from existing solutions. The products developed do, however, always build on 
existing products and solutions as well as on readily available technology, by 
using and building on the know-how and techniques already developed and 
used by the company. In other words, even when developing a new product, 
this new product will build on to already existing products and technology 
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used within them as well as explicit and tacit knowledge (i.e. know-how) 
acquired throughout the years. 

Since the CODP can be positioned in NPD, S as well as D could also extend 
into NPD in manufacturing companies. This means that in some cases, the 
CODP, and thereby the upstream end of the D, will be positioned and include 
activities conducted in NPD, as shown by the arrow marked “D” at the bottom 
of Figure 5-1. This further means that D for these types of products will be 
longer, compared to a similar product produced using an MTO, ATO, or MTS 
production strategy. 

As presented in the frame of reference, S is the cumulative lead-time of the 
complete time-phased BOM (Wikner, 2014). In NPD, there is usually no 
BOM; it is instead developed during the NPD. The time it takes to conduct the 
customer-order-driven activities in NPD, however, will also impact the length 
of the D, as discussed earlier. Therefore, it could be argued that S or the 
cumulative lead-time is also increased, if the production is preceded by NPD. 

Furthermore, as the engineering activities conducted in NPD starts from 
previous knowledge and/or already existing designs of existing products, the 
CADP could coincide with the CODP, starting when adapting the design 
based on the customers’ requirements. Since the CODP could be positioned 
anywhere between “engineering” and “complete”, so would also the CADP. 
Additionally, AS and AD ought to be found in NPD, since potential 
customisations can be made, and where CoU adaptations are developed 
during NPD. Finally, both I and E could be found in NPD, because a company 
can either have control or have no control over the NPD process, either in part 
or total. In other words, a manufacturing company could, for instance, 
outsource their complete NPD activities or some of the activities to an external 
actor (e.g. where a manufacturing company develops a product, but sends it 
to the Technical Research Institute of Sweden for tests and certification). By 
including a third external actor (i.e. a triad of actors), a second CODP is 
introduced (i.e. multiple CODPs). Positioning the CODP within a dyad of 
actors is usually manageable. However, when applied in a triad, it is not as 
straightforward. In Figure 5-2, a triad of actors is presented, corresponding to 
a direct supply chain (Mentzer et al., 2001) with multiple CODPs (see e.g. Sun 
et al., 2008). Note that any potential transportation between the focal actor 
and the supplier actor here is assumed to either be zero or be included in the 
DSA. 

As discussed by Naylor et al. (1999) as well as Olhager (2003), a 
manufacturing company should strive to be cost-efficient upstream of the 
CODP, in line with a lean approach. However, downstream of the CODP, the 
manufacturing company should have a flexibility focus (Olhager, 2003), 
reducing D in line with an agile approach (Goldman et al., 1991) to supply the 
customers with the goods they already have decided they want as fast as 
possible. Using a lean approach upstream from the CODP and an agile 
approach downstream from the CODP would result in an leagile approach, 
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introduced by Naylor et al. (1999). Hence, the CODP is the point that 
separates these two approaches, where a cost efficiency focus (i.e. lean) meets 
a flexibility focus (i.e. agile). Being cost-efficient upstream from the CODP and 
flexible downstream from the CODP is thereby something that companies as 
well as supply chains should strive for (Naylor et al., 1999). 
 

  

Figure 5-2. A direct supply chain with two manufacturing actors using a 
leagile approach in tandem. 

Note. Adapted from Wikner et al. (2015, p. 116). 

However, a supply chain with multiple decoupling points, where each actor 
use a leagile approach goes against the leagile concept presented by Naylor et 
al. (1999), where the upstream actor is working flexibly to decrease lead-times, 
only to be stalled at the downstream actor, where the focus is on efficiency, 
(e.g. using larger batches to reduce set-up costs at the expense of longer lead-
times). This misalignment is illustrated in Figure 5-2, where the supplier 
actors’ agile approach meets the focal actors’ lean approach at the interface. If 
each manufacturing company within the supply chain would use this leagility 
approach, focusing on cost efficiency upstream from the CODP and flexibility 
downstream from the CODP, there would be one misalignment at each 
interface (i.e. between two actors). As discussed by Naylor et al. (1999), each 
manufacturer should, therefore, not be looking at their production in isolation 
from the rest of the supply chain; rather, they should take into consideration 
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their location in the supply chain, striving for leagility within the supply chain 
rather than within each manufacturing company (i.e. actor). 
 

 
Figure 5-3. The time-phased BOM for the product family F12. 

Note. Adapted from Tiedemann et al. (2016a, p. 5). 

In Paper II, it was concluded that further research should analyse the 
different levels of customisation in relationship to the agile strategy. In Paper 
III, interface misalignment 1 was therefore studied, adding a higher level of 
customisation of the specific item purchased. In Study III, the case company 
decided to start offering CU signs for the product family F12. The case 
company hence changed from only purchasing CG signs (item 29, solid green 
line in Figure 5-3) in high quantities to purchasing roughly 20 additional CU 
signs (item 29, yellow dotted line in Figure 5-3) with lower demand, 
cannibalising the demand for the CG signs. The change did not, however, 
impact the position of the CODP, the CADP, or the PODP, which after the 
change still resided at respectively 50 time units, 50 time units, and 20 time 
units, as shown in Figure 5-3. However, by introducing CU signs, a CADZ was 
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introduced, here illustrated by a green rectangle in Figure 5-3 (as proposed by 
Wikner, 2014, p. 196). 

The CU adaptation was now made at 145 time units (CADZ lead-time + 
AD), where formerly the earliest upstream adaptation was made at 50 time 
units, same as the D. The case company consequently went from only 
purchasing and producing CG items and subcomponents upstream from the 
CODP, to also purchasing CU items based on speculation, upstream from the 
CODP. Since these CU signs then also had to be produced on customer order 
by the supplier, who were not have the CU items in finished goods inventory, 
S for both the CU items as well as the CU products was extended, resulting in 
a D:S ratio of 50:154 (i.e. an S that is 3.08 times longer than the D). 
Furthermore, since the part of S that is uncontrollable by the company was 
extended, so also was the E. The I:S ratio for item 29 thus went from 20:65 to 
20:145, thereby increasing the uncontrollable part of the system by 24.52 % 
(see Equation 1). 
 
𝐸𝐸 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝐼𝐼 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−

𝐸𝐸 𝑏𝑏𝑎𝑎𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎
𝐼𝐼 𝑏𝑏𝑎𝑎𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎

𝐸𝐸 𝑏𝑏𝑎𝑎𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎
𝐼𝐼 𝑏𝑏𝑎𝑎𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎

=
125
145−

45
65

45
65

∗ 100 = 24,52 %                  (Equation 1) 

 
Note, however, that the supplier’s production lead-time remained the 

same, but the supplier now used an MTO approach for producing the CU 
signs, compared to an MTS approach for the CG signs. As a result, the case 
companies’ E and S lead-times were extended due to another production 
strategy employed by the supplier actor. 

 
Figure 5-4. The case company’s current setup. 

Note. Adapted from Wikner (2014, p. 188), Wikner and Rudberg (2017, p.14). 

As shown in Figure 5-3 and Figure 5-4, the case company therefore must 
purchase the sign on speculation, 95 time units (i.e. SFA – DFA = 145 – 50) 
before receipt of a customer order. The changes by the company have thus 
resulted in an extended S, higher variability in demand, and a higher level of 
uniqueness of the signs. All these factors impact the risk of supply chain 
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disruptions negatively (Handfield & McCormack, 2007). To mitigate these 
risks, the company decided to keep an extra safety stock level. To eliminate the 
risk, however, there is a need to reduce the S, through a reduced I and/or E 
(e.g. by switching to a local, more flexible supplier). Another option is to 
postpone the adaptation to a later time (Forza et al., 2008); for example, the 
case company might purchase CG signs or material and make the adaptations 
in-house. 

When this problem was identified the case company also discussed the 
possibility of letting the supplier actor produce the CU signs more cost 
efficiently, keeping a finished goods inventory at the supplier’s premises. This 
change would result in an interface alignment 1, as presented in Paper II, 
where the supplier actor uses an MTS/lean approach, and where the focal 
actor would use an MTO/leagile approach, and where the case company can 
keep a smaller cycle of stock at their premises. If the case company would 
change to such a setup, using the same supplier actor, the need for a cycle 
stock would still be required; the reason is not only due to high transportation 
cost, but also mostly due to the fact that the downstream external lead-time 
(EDS) of the supplier actor (i.e. transportation lead-time = 45 time units) 
combined with the case company’s I (20 time units) is longer than D (50 time 
units). As shown in Figure 5-4, even if the supplier actor was to have a finished 
goods cycle stock at their downstream interface, S would still be 65 time units 
(45 + 20), where D is only 50 time units. Hence, changing to this setup would 
not be feasible unless the transportation cost was reduced, combined with a 
reduced S, through a reduced I at the case company (focal actor) and/or a 
reduced EDS at the supplier actor. 

Note that the part that is internal (i.e. I) of the two actors, supplier actor 
and Focal actor, are marked with dark grey in Figure 5-4, and the external part 
(i.e. E) are marked with light grey. 

5.2 Implications of SLTs on FP 

In this subchapter, the second RO will be discussed: the implications of SLTs 
on manufacturing companies’ FP. The discussion will be structured based on 
the three categories of SLTs: control-based, risk-based, and variant-based, and 
are summarised in Table 5-1 in the end of the chapter. 

E is related to the part of the flow beyond control of the focal actor, and 
therefore is usually related to purchased material (Wikner, 2014, 2015). E 
therefore, has implications on the direct cost of material acquired from 
suppliers. The length and uncertainty of E is also related to the amount of 
material located in raw material inventory since a longer and unreliable 
replenishment lead-time usually results in an increased cycle stock inventory 
and safety stock (Blackburn, 2012). This will, in turn, impact both the 
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inventory carrying cost as well as the investments made in raw materials 
(Blackburn, 2012; Senapati et al., 2012; Wikner, 2015). 

I is related to the controllable part of the flow (Wikner, 2014, 2015), which 
in manufacturing companies usually is the part of the flow where raw material 
and components are transformed into finished goods. I, therefore, represents 
the lead-time an item spends in the system in the form of WIP as well as the 
capacity needed to transform the good (Wikner, 2015). These SLTs can thus 
be related to the labour costs and/or machining costs as well as to the 
inventory carrying costs for WIP. WIP can also be seen as investments, where 
the company has invested in the material in order to transform it into goods 
that are saleable. The length of I is also highly dependent on the capacity of 
the company (Wikner, 2005). Excess capacity could be used to allow the 
company to be flexible and decrease their I, thus reducing WIP and thereby 
also the inventory carrying costs tied up in WIP. Excess capacity is, however, 
something that usually is expensive to maintain and, therefore, the cost of it 
will increase as will the money invested in this excess capacity. In summary, 
both E and I are important from a cost and investment perspective, as shown 
in Table 5-1, where SLTs and their implications on FP are summarised. 

S is the cumulative lead-time of the complete time-phased BOM (Wikner, 
2014, 2015) and is critical from a supply perspective since it represents the 
lead-time of the product, including all the constituent items (Blackstone Jr., 
2013; Wikner, 2014). S is, therefore, related to the length of time (i.e. lead-
time) the product and its constituent items spend in the system. Hence, the 
longer S is, the longer it takes the company to turn their invested money into 
revenue (i.e. a longer cash-to-cash cycle). The length of S also impacts the 
company’s responsiveness to product changes and new product introductions 
due to technology changes. This will lead to an increased workload in planning 
and controlling these changes, in order not to end up with obsolete raw 
materials, components, WIP, and finished goods inventory. It will also impact 
the cost for these activities related to phasing out and introducing new 
products or adapted products. Furthermore, the part of S upstream from D 
(i.e. the S–D segment) is related to forecast-driven activities (i.e. speculation-
driven activities), and are thereby related to the part of the flow where the focal 
actor takes a material-based risk (Mather, 1988; Wikner, 2015). In this part of 
the flow (i.e. the S–D segment), the order qualifier is usually cost (Olhager, 
2003). Therefore, this part of the flow usually has an efficiency focus in line 
with lean (Naylor et al., 1999), where the company produces in larger batches 
to reduce production costs such as set up costs. This will, in turn, increase the 
level of WIP in this part of the flow, increasing the inventory carrying costs as 
well as the investments made in the WIP. 

D is, then, related to the CODP, where the customers’ requirements are 
received, thereby neutralising the material-based risk since the flow changes 
from forecast-driven (i.e. speculation-driven) to customer-order-driven (i.e. 
commitments-driven; Mather, 1988; Hoekstra & Romme, 1992). D is also 
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related to the key buffer point that generally coincides with the CODP 
(Hoekstra & Romme, 1992). Depending on the length of the D, and then also 
the production strategy used by the company, this buffer will be positioned 
differently and then also will consist of different combinations of resources. 
Hence, the buffer may consist of raw material, WIP, finished goods, and/or 
capacity in the form of machine- and man-hours (Wikner, 2005). The length 
of D and thereby the positioning of the CODP impacts the number and scale 
of investments made in this buffer as well as the inventory carrying cost for 
the buffer (Ågren, 1987; Blackstone Jr., 2013). D is also the lead-time facing 
the customers and therefore an SLT for creating a competitive advantage as 
well as competitive offerings. Superior service through a shorter D can 
improve sales and thereby increase revenue (Hoekstra & Romme, 1987; 
Vickery et al., 1995; Gunasekaran et al., 2001; Wikner, 2015) as well as the 
possibility to charge premium prices (Stalk & Hout, 1990a). Furthermore, if 
D is decreased, the risk of phantom orders are reduced, since customers are 
in less of a need to forecast their purchase orders (Mather, 1988; Sterman, 
2000), and there is also less time for the customers to make changes to their 
orders. Therefore, if D is decreased, then the customers have less time to 
change their orders, reducing the workload for making changes to, or 
updating customers on the progress of their orders (Mather, 1988). However, 
if D is reduced without reducing S, the forecast-driven part of the flow (i.e. the 
S–D segment) is increased, meaning that even though customers are in less 
need of forecasting their purchase orders, the focal actor must forecast even 
more (i.e. the forecast-driven part is increased). Hypothesising that closer to 
the CODP the forecast is better (i.e. more in line with the actual demand). 
Then if the S–D segment is increased, the result would be more inaccurate 
predictions (Mather, 1988) and thereby a need to increase the safety stocks 
and safety lead-times, resulting in more investments made in resources (e.g. 
capacity and materials; Jonsson, 2008). The two SLTs S and D, and thereby 
the position of the CODP, consequently have a critical impact on how to 
balance cost with flexibility. To sum up, both S and D have implications on 
cost and investment (see Table 5-1), where D also has implications on revenue.  

As discussed before, variant-based lead-times are related to when demand 
or supply provides a basis for variants (Wikner, 2015). AS corresponds to all 
points in the time-phased BOM where it is possible to create variants. The 
ones upstream of D (i.e. CODP) are, however, not feasible for making CoU 
products based on customers’ requirements. These could, however, be used 
for CU offerings if sold in larger volumes, as for the case company in Paper 
III. The case company’s decision to start offering CU signs most certainly 
helped in retaining and/or generating more business and thereby creating 
more revenue. This decision, however, also resulted in roughly 20 more item 
numbers that were made as CU at the supplier. So, even though the total 
demanded volume might have increased, the demand for each separate item 
number of the now roughly 23 signs has decreased. Furthermore, since the 
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purchased volume for each item number is quite low, the price has gone up, 
especially for the ones with the lowest volume, because the supplier’s joint 
costs must now be allocated to fewer items (signs), thus increasing the 
production costs per part and hence the price paid by the case company. The 
signs are, however, supplied from the same supplier as before, thereby 
increasing neither the supplier base nor the work connected to selecting a new 
supplier and changing the setup. Nevertheless, more item numbers resulted 
in more work for planning and controlling these items.  

AS could also be seen as untapped possibilities for creating CoU offerings 
(Wikner, 2015) and, hence, the possibility for generating more revenue due to 
increases in demand as well as the chance to charge premium prices. Still, this 
implication is not as obvious if the customisation has not been requested by 
the market. Instead, the potential increases in cost and investments are more 
apparent since this customisation would result in more variants (Wikner, 
2015) as well as more work for planning and controlling these variants and the 
constituent items. This is precisely what happened to the case company in 
Paper III, when it started to offer CU signs.  

AD is related to the CoU offerings that are possible to produce within the 
D. These offerings have the obvious potential to increase revenue, both due to 
a higher demand (Wikner, 2015), and due to the opportunity to charge 
premium prices (Stalk & Hout, 1990a). The shorter AD is compared to D, the 
closer to delivery the customisation can be made. This will, in turn, increase 
the company’s order flexibility, since the customer’s input for product 
differentiation features is requested at a later point (Forza et al., 2008). These 
usually costly CoU adaptations can, therefore, be made closer to delivery, 
shortening the cash-to-cash cycle for the CoU adaptations, and thereby 
reducing the investment and inventory costs related to the material used for 
the customisation. This method would also result in the customer having the 
option to wait to specify the customisation until a later time, closer to the 
delivery. Giving the manufacturing company an increased possibility for a sale 
in the first place and reducing the customer’s need for speculating increase 
the potential for higher revenues. To summarise, both AS and AD have 
implications on all three of the absolute measures of ROI: revenue, cost, and 
investment. 

In summary, see Table 5-1, all six SLTs are related to cost and investment 
in one way or another. Furthermore, the three lead-times D, AS, and AD are all 
dependent on, or related to, the market’s demand, and thereby have 
implications on revenue. SLTs, therefore, have implications on 
manufacturing companies’ costs and spending, investments, and revenue-
generating capabilities. Furthermore, not only the length of SLTs have 
implications on FP. As can be found in Table 4 in the appended paper IV, also 
the existence has implications for manufacturing companies FP, and these 
implications can be both direct or indirect. 
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Table 5-1. SLTs and their implications on FP 

Strategic lead-time Revenue Cost Investment 

External lead-time (Ek)    
Internal lead-time (Ik)    
Supply lead-time (S)    
Delivery lead-time (D)    
Adapt lead-time - Supply-based (AS,k)    
Adapt lead-time - Demand-based (AD)    

Note. Adapted from Tiedemann et al., 2016b, p. 8. 

The preceding discussion is made in the context of purchasing and 
production. However, the ideas presented can also be related to NPD, where 
the CODP and CADP can be positioned within NPD, hence relating to S, D, 
and AD, but also AS in terms of adaptations that can be made but are not 
currently offered. Also, I and E can be used within NPD since these activities 
could be outsourced to an actor uncontrollable by the focal actor. This is 
something, however, that should be researched further in order to be 
validated.  

5.3 Summarising the fulfilment of each RO  

In this chapter the two ROs have been discussed in terms of results. In this 
subchapter, a summary of the results related to the two ROs is provided, see 
Table 5-2, with the intention of summarising the fulfilment of each RO. 
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Table 5-2. Summarising the fulfilment of each RO 

RO Summary of results 
RO 1: To analyse 
SLTs within NPD, 
purchasing, and 
production 

In this research, SLTs have been analysed within 
NPD, purchasing, and production, both 
conceptually and empirically. Empirically, 
findings identified that manufacturing companies 
sometimes conduct NPD activities based on 
customer orders, thereby increasing D and S. The 
two variant-based lead-times AS and AD can, 
therefore, also be identified in NPD, where a 
variant that is not offered today may possibly be 
developed (i.e. AS), but also that CoU products can 
be developed (i.e. AD). 

The extension of SLTs has also been found to 
impact the interface configuration between actors 
in a supply chain. Furthermore, the level of 
customisation also impacts the supply chain and 
the lengths of SLTs, as well as where SDPs can be 
positioned. This has further implications on SLTs’ 
relationships, where some relationships and SDPs 
set limitations for availability of customisation (i.e. 
D > AD). 

RO 2: To analyse 
the implications of 
SLTs on 
manufacturing 
companies’ FP 

The research has studied the implications that 
SLTs have on manufacturing companies’ FP, in 
terms of ROI. The research presents how SLTs 
have implications on revenue, cost, and 
investment. The research further presents the 
FinaSt framework, see Table 4 in the appended 
paper IV, which takes into consideration that the 
extension as well as the existence of SLTs have 
implications on manufacturing companies’ FP, 
and that these implications can be either direct or 
indirect. 
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6 Conclusions and implications 
This chapter starts by discussing the fulfilment of the research purpose, as 
well as presenting the main conclusions. Thereafter, the theoretical and 
managerial implications are addressed, followed by research limitations and 
further research. This chapter then ends by giving some concluding remarks. 

6.1 Fulfilment of purpose and conclusions 

In this subchapter, the fulfilment of the research purpose is discussed and the 
conclusions are presented.  

The purpose of the research presented in this thesis was to analyse SLTs 
within NPD, purchasing, and production, as well as the implications that SLTs 
have on manufacturing companies’ FP. To fulfil this purpose, two ROs were 
stated; the researcher began by analysing SLTs within NPD, purchasing, and 
production, then analysed the implications that SLTs have on manufacturing 
companies’ FP. The two ROs combined are very similar to the purpose. The 
researcher, therefore, argue that if the two ROs have been fulfilled, so too has 
the purpose. Therefore, the discussion relating to the fulfilment of the 
purpose will be based on the discussion related to the fulfilment of the two 
ROs. A summary of the discussion can be found in Table 5-2; however, a more 
elaborate discussion follows.  

Since SLTs are related to the time-phased BOM and the product structure, 
they also relate to NPD, purchasing, and production. Hence, when a product 
is developed, it impacts the way the product is produced and what needs to be 
purchased. Furthermore, since manufacturing companies are and even 
becoming more customer-order-driven (Wortmann et al., 1997; Halldorsson 
et al., 2007), the SLTs D and AD are pushed furthered upstream, becoming 
longer, sometimes involving some form of purchasing of raw material and 
subcomponents (Bäckstrand, 2012; see Papers II and III), as well as 
engineering activities (Rudberg & Wikner, 2004; Gosling et al., 2014; see 
Paper I). SDPs and SLTs are pushed further upstream, result in longer SLTs 
(e.g. S and D). All the activities conducted within NPD, purchasing, and 
production, therefore, impact the positioning of the three SDPs and the six 
SLTs; those activities are, therefore, the reason these specific contexts were 
interesting to address in the first place. 

In general, this study concludes that the SLTs S and D, E and I, as well as 
AS and AD are highly connected to the three SDPs: CODP, PODP, and CADP, 
respectively. A change in one SLT will, therefore, impact one or more SDPs, 
and the other way around. Therefore, a change in either a SLT or position of a 
SDP will impact the SLT relationship and, in turn, how large part of the flow 
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that is risk-based, controllable, and/or available for making variants. Since the 
SLTs S and D, E and I, as well as AS and AD are highly connected to the three 
SDPs: CODP, PODP, and CADP, respectively, they could also be categorised 
as such. The Risk-based SLTs S and D are connected to the CODP, and the 
CODP could hence be seen as a risk-based SDP, where the activities conducted 
upstream of the CODP are performed on speculation, which usually implies 
a higher risk (Wikner, 2015). At the CODP the risk is somewhat neutralised, 
since the activities instead are performed on commitment to customer orders 
(Mather, 1988; Wikner, 2015). Using the same terms logic as above, the PODP 
should be termed a control-based SDP (connected to the two control-based 
SLTs), and the CADP a variant-based SDP.   

The six SLTs and the three SDPs are, however, also indirectly dependent 
on each other. For instance, the CADP is the point when a CoU offering is 
made, and related to the AD, which extends from the CADP to the downstream 
end of the time-phased BOM. Since the AD, and thereby the CADP, is market-
oriented, where customisations are based on customers’ requirements, both 
the AD and CADP need to be located downstream of the CODP (i.e. during the 
D). Thus, even though the AD and CADP are variant-based, they are dependent 
on the risk-based lead-time D and thereby the risk-based SDP CODP. 
Therefore, a change in an SLT or SDP may also impact the other SLTs and 
SDPs that are not directly related to that specific SLT or SDP. 

From the discussion in Chapter 5, it is evident that all the six SLTs, as 
defined in this research, have implications on manufacturing companies’ FP. 
The SLTs that in one way or the other are related to the market and the 
demand of the market (i.e. D, AS, and AD) all have implications on 
manufacturing companies’ abilities to generate and increase revenue in the 
sense of creating competitive offerings through customisations and/or shorter 
D. Furthermore, all six SLTs have implications on manufacturing companies’ 
FP from a cost and investment perspective. To decrease any of the SLTs, more 
investments usually have to be made in resources (i.e. machines, personnel, 
material). This will, in turn, increase costs for acquiring as well as operating 
these resources. On the contrary, reducing SLTs may have a reverse impact, 
reducing the need for investments and costs. There are, however, some costs 
that will decrease with a reduction in SLT (e.g. if S or E can be reduced, less 
material and WIP will accumulate in the system, reducing the inventory 
carrying costs). 

To sum up, the research presented in this thesis shows that SLTs and SDPs 
are highly interdependent, and a change in one of them will impact the SLT 
and SDP within the same categories (i.e. control-based, risk-based, and 
variant-based), and even between the categories. Furthermore, a change in an 
SLT has implications on manufacturing companies’ FP by impacting costs, 
investments needed (i.e. assets), and/or the revenue-generating capabilities. 
Related to the research purpose, a framework was also developed (i.e. the 
FinaSt framework, see Figure 4 in the appended paper IV), which takes into 
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consideration that the extension as well as the existence of SLTs have 
implications on manufacturing companies’ FP, and that these implications 
can be either direct or indirect. 

6.2 Theoretical and managerial implications 

In this section, the theoretical and the managerial implications will be 
addressed, each under their own subheading. 

6.2.1 Theoretical implications 

The research presented in this thesis builds on the long stream of decoupling 
point literature, specifically focusing on NPD, purchasing, and production in 
manufacturing companies. Through the extension and application of the EDP 
framework (Gosling et al., 2011; Gosling et al., 2014) within manufacturing 
industries, the thesis contributes to a greater understanding of the types of 
engineering activities within NPD that are based on forecasting and what are 
based on customer orders. This study, therefore, builds on the customer order 
literature focused on engineering activities (Wikner & Rudberg, 2005; 
Dekkers, 2006; Hvam et al., 2008), increasing the understanding of the 
extent of activities conducted based on received customer orders, thereby 
increasing the D.  

The research further contributes to the decoupling points literature and the 
part of the literature focused on multiple decoupling points (García‐Dastugue 
& Lambert, 2007; Sun et al., 2008; Banerjee et al., 2012) by including the 
concept of leagility (Naylor et al., 1999). By studying the leagility approach in 
a triad of actors (i.e. a direct supply chain as discussed by Mentzer et al. 
(2001)), instead of within the usual dyadic setting, four interface 
configurations could be identified, showing the critical impact of the 
positioning of the CODPs and the impact on balancing cost and flexibility 
within the supply chain. The research further contributes by studying one of 
the interface misalignment situations identified, combining it with a higher 
level of customisation. This study contributes to the research conducted by 
Bäckstrand (2012), and to understanding the increased complexity that is 
obtained when a purchased forecast-driven item is made CU.  

Last but not least, the research expands on the time-based management 
literature, general lead-time literature, and decoupling thinking, by combining 
those sources with general literature within management accounting. 
Through the empirical testing of the conceptual model by Wikner (2015), the 
model was extended and made into a framework (i.e. the FinaSt framework, 
see Figure 4 in the appended paper IV). This framework extends the 
conceptual model in four different ways, by taking into consideration both the 
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existence and the extension of SLTs as well as their direct and indirect 
implications on FP. 

According to Svensson (2013), a contribution refers to insights and 
knowledge benefiting a subject that is either cumulative or fragmented. The 
research presented in this thesis has contributed to the literature gap 
presented in the introduction, namely the lack of performance measures that 
quantitatively demonstrate the financial return of decreasing or increasing 
lead-times (Godinho & Veloso, 2013; De Treville et al., 2014). Hence, this 
research contributes to the operations management literature by outlining the 
implications of SLTs on FP and increasing the understanding of how lead-
times impact companies’ FP. In this way, the thesis contributes to further 
development and update of the long stream of studies focused on valuing lead-
time (e.g. Ohno, 1988; Stalk & Hout, 1990a; Suri, 1998; Blackburn, 2012; De 
Treville et al., 2014), by giving new insights into the area. 

6.2.2 Managerial implications 

The extended EDP framework presented in appended Paper I offers 
practitioners a way of describing and visualising their technology development 
and NPD processes based on the activities conducted, and the extent to which 
NPD activities are customer-order-driven, as well as how different 
development processes relate to each other. Manufacturing companies can, 
therefore, use this framework to map their development processes in order to 
organise them in an efficient way, and to detect which activities might result 
in a higher risk when conducting a customer-order-driven project, as well as 
to create a neutral platform for communication between different functions 
(e.g. NPD, production, purchasing). 

The research further presents the importance of manufacturing 
companies refraining from looking at their production in isolation from the 
rest of the supply chain; rather, companies should take into consideration 
where in the supply chain they are located, and strive for leagility within the 
supply chain rather than within each manufacturing company (i.e. actor). The 
research contributes to knowledge of how the position of the CODP relates to 
the SLTs, S and D, and the critical impact these have on the balancing of costs 
with flexibility at the actor’s interface. The research further stresses the 
increased complexity that occurs when manufacturing companies purchase 
CU items based on speculation, rather than on commitment from the 
customer actor. This knowledge can, therefore, help managers increase their 
awareness of the relationship between SLTs and SDPs, helping them to make 
informed decisions when increasing the level of customisation on items and 
products. The research further gives some suggestions on how to mitigate or 
eliminate the risks related to higher levels of customisation. 

The research also increases the understanding of lead-time as a critical 
resource by discussing the implication of SLTs on manufacturing companies’ 
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FP. The research indicates that it is possible to evaluate lead-time performance 
through FP, using readily available and accepted FP measures. This study 
hence provides useful knowledge for managers, allowing them to gain a better 
understanding of SLTs’ implications on manufacturing companies’ FP, thus 
allowing for better decision support when evaluating supply chain designs and 
prioritising alternatives based on profitability. 

6.3 Limitations 

It is well known that the choice of research method used will have an impact 
on the results of the research performed (Yin, 2009). The research methods 
used for this research have been a combination of case studies (Yin, 2003, 
2009) and analytical conceptual research (Wacker, 1998). The research 
project KOPtimera has been both fruitful and essential for this research, 
offering a way of conducting traditional case studies (i.e. Papers I and III) as 
well as illustrating (i.e. Paper II) or testing (i.e. Paper IV) analytical conceptual 
frameworks and theories, using empirical data. A single case study design has 
been used in Papers II and III, offering a poorer opportunity to ensure 
transferability. The empirical data used in Paper II was, however, used more 
to illustrate the four interface configurations, and in Paper III, the case studied 
was unique. As a result, the use of a single case study design was appropriate 
and sufficient for the objective. With that said, the use of a single case study 
may have lead the researcher to overestimate results. To mitigate this risk, 
investigator triangulation has been used when possible, and the empirical data 
have been sent back to the corresponding case companies for comments. This 
way, the respondents have had the ability to edit out any empirical data which 
were misleading or untrue. This helps to reduce the risk of researcher bias 
and reduces misunderstandings; it is a way of conducting member checking, 
per the definition given by Carlson (2010). 

The chain of evidence (see Yin, 2009) was supported by the use of simple 
tools, such as, Microsoft Excel, Word, and PowerPoint. However, to increase 
and support the chain of evidence, other tools (e.g. NVivo) could have been 
used. This would certainly have increased the chain of evidence and thereby 
the traceability, making it easier for going back and forth to verify that the data 
was interoperate objectively, without researchers bias. 

Furthermore, the main drawback of the study presented in Paper IV is the 
lack of triangulation. The interviews were, however, conducted in groups of 
key informants who were able to look at the supply chain holistically, thereby 
somewhat mitigating the need for triangulation. With that said, if this study 
could be recreated or extended, the researcher would probably have used more 
respondents in each case to allow for source triangulation. 

The literature reviews conducted in this research can be seen as the 
traditional narrative literature review. This approach to literature review is 
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frequently seen as lacking thoroughness and thereby lacking the means of 
sense-making (Tranfield et al., 2003). In the beginning of a PhD process, 
however, the researcher considered this type of literature review to be 
adequate and preferable, especially since the area selected was not that well-
defined. Lacking the rigor of a structured literature review, the researcher has 
been able to be more flexible and to change direction and pursue interesting 
emergent leads. However, when reviewing the literature base, the researcher 
believes it possible to conduct a more thorough literature review, reflecting the 
area studied. Conducting a structured literature review in the near future 
would therefore be useful for the continuation of this research. 

Since this research was conducted in a research project (i.e. KOPtimera), it 
is relevant to discuss the implications that this might have had for the outcome 
of this research. All case companies went into the research project with a 
partial purpose of finding out the cost of lead-time. This objective was 
somewhat changed due to the researcher and the fellow academic researchers, 
saying that cost by itself does not tell the whole picture. Therefore, the project’s 
research purpose was somewhat changed to also include revenue and 
investments. Through these modifications, the researcher affected the 
purpose of the research project. 

Furthermore, since Paper II and III both are based on a single case study, 
more studies need to be conducted in order to ascertain that the results are 
transferable. 

6.4 Further research 

The study conducted in Paper I showed that manufacturing companies 
perform customer-order-driven activities in NPD projects, hence increasing 
the D, the AD, and possibly the S. It would, therefore, be interesting to perform 
a more focused study of the implications that these SLTs have on 
manufacturing companies’ FP from an engineering perspective (i.e. NPD). Is 
it more profitable to offer customisations, or should manufacturing 
companies standardise their offerings? 

The study presented in Paper II discussed S in combination with D from a 
triad perspective, introducing four interface configurations. Two of these 
configurations were identified as interface misalignments. The discussion did 
not, however, consider the implications these misalignments have, or whether 
they are to be considered undesirable compared to the two interface 
alignments. It would, therefore, be interesting to investigate these four 
interface configurations based their implications on FP. The paper also only 
discussed the two SLTs, S and D. A similar study focused on the SLTs E, I, AS 
and AD in a triad would be of future interest.  

The introduced interface misalignment I was however investigated in 
Paper III, where also AS as well as a higher level of customisation was 
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included. This study stressed the increased complexity that comes from 
purchasing CU items based on forecast (i.e. speculation); based on the results 
presented in Paper III, however, it would be interesting to do more research 
on how the level of adaptations are affecting SLTs and, in the long run, 
manufacturing companies’ profitability. 

In the discussion of Paper III, some examples were given for how the 
problem of purchasing CU items could be mitigated or eliminated. The EDS of 
the supplier actor impacted the focal actor’s ability to purchase these items 
based on customer orders received. Studies more specifically focused on how 
supplier selection and choice of transportation mode impacts SLTs and what 
implications this have for FP are, therefore, of interest.  

An important limitation, and probable reason for the difference between 
the conceptual model by Wikner (2015) and empirical findings presented in 
Paper IV, could stem from the fact that Wikner (2015) focused on the main 
implications that SLTs have on the absolute measures of ROI. However, 
during the data collection for Paper IV, the respondents were only asked if and 
how a change in SLTs would affect revenue, costs, and assets, not how large 
this impact could be. Furthermore, during this empirical investigation there 
were some discussions regarding not only the mean (µ) of SLTs, but also 
uncertainties in SLTs (i.e. standard deviation (σ)). This issue was not studied 
in this work. Furthermore, from the interviews, it appears that the case 
companies also saw that the existence of SLTs could have implications on FP. 
These limitations were identified and used when developing the FinaSt 
framework presented in Paper IV. Future research could test the FinaSt 
framework to investigate the empirical relevance, and whether a need for 
further development exists. Further studies could also be conducted to 
determine which of the implications of SLTs on ROI that are most important, 
and that managers therefore should focus on. Finally, it would be interesting 
to research if the FinaSt framework could be supplemented with a practical 
method, or if it would be possible to add a quantitative relationship between 
SLTs and FP measures. 

Moreover, as shown in Paper IV, there are some implications that are case- 
or context-dependent. The researcher, therefore, believes that it would be 
beneficial to use the FinaSt framework to investigate different cases in their 
real contexts, where the cases are complementary or comparable. To generate 
transferable results and reconcile conflicting findings into a coherent picture, 
however, the researcher believes that there is a need for a typology, similar to 
the one presented by Forza et al. (2008), who presented a unifying typology 
for form postponement that could be used to relate form postponement to 
operational performance. 

Finally, the research presented in this thesis has focused on the 
manufacturing industry. However, most of the literature and theories used in 
this research are general and could be used outside this context. The results 
presented in the research can also most likely be applicable in other contexts 
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than the manufacturing industry. However, it is up to further research to 
investigate if the results are applicable in other contexts, and if so, in which 
contexts. 

6.5 Concluding remark 

This thesis started with a quote from Benjamin Franklin’s memoirs: “Time is 
money” (Franklin & Stueber, 1794, p. 30). Although the memoirs were written 
some 220 years ago, this short sentence is still just as applicable today as it 
was when it was written, if not more so. On a side note, it is a bit ironic that 
Franklin stated that “Time is money” some 220 years ago, and is now 
portrayed on the American $100 bill (i.e. he has a monetary value).  

This research has shown that lead-time is an important resource; in fact, it 
can be said that “Time is more valuable than money. You can get more money, 
but you cannot get more time” (Rohn, 2014). Furthermore, the research also 
shows that the implications SLTs have on manufacturing companies’ FP are 
not always straightforward (e.g. a change for the better in one SLT may impact 
another for the worse). The idea of having a one-size-fits-all equation for 
valuing lead-time is something that is still missing, and a solution is probably 
not in the near future. “However, not everything that can be counted counts, 
and not everything that counts can be counted” (Cameron, 1963, p. 13). Hence, 
the journey to fulfil the overall aim of this research, to develop a practical way 
for managers to evaluate lead-time based on FP, is one that continues. 
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