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Abstract

The art of estimating and managing costs is commonly referred to as cost engineering
which is a vital tool to counteract cost uncertainty. Current research within the area
mainly focuses on the cost estimation techniques themselves and the strategic impli-
cations have not yet been studied in-depth, nor been set into relation to traditional
sourcing strategies. This study investigates how cost engineering should be used
strategically within industrial sourcing. The research is conducted as a three-staged
case study at a manufacturing company, including a qualitative part consisting of
a literature review, interviews and analysis of artefacts, and a quantitative part
consisting of a multiple regression analysis and a Welch-ANOVA test.

The results from this study include a list of procurement attributes that a↵ect cost
uncertainty and an assessment of their impact as well as insights on how cost engi-
neering usage a↵ect negotiation dynamics and supplier relationships. As a part of
the study’s discussion, a strategic framework for cost engineering focus within indus-
trial sourcing during the di↵erent phases of the product life cycle is presented. The
proposed strategy involves insights on what cost engineering actions that have to be
taken, which types of components the e↵orts should be focused on and what pre-
requisites that have to be present. The study shows that inter-organisation sharing
of cost data, supplier relationships, changes in purchasing volume and product life
cycle phase are of central importance when focusing cost engineering resources.

Keywords: Cost Engineering, Cost Estimation, Procurement, Industrial Sourcing,
Manufacturing Industry.
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Sammanfattning

Hantverket att uppskatta och hantera kostnader är vanligtvis benämnt kostnadses-
timeringsteknik vilket är ett viktigt verktyg för att motverka kostnadsosäkerhet.
Befintlig forskning inom omr̊adet behandlar i huvudsak teknikerna för kostnadses-
timering i sig och de strategiska implikationerna har varken utretts p̊a djupet eller
satts i relation till traditionella inköpsstrategier. Denna studie undersöker hur kost-
nadsestimeringsteknik ska användas strategiskt inom industriellt inköp. Forskningen
är bedriven som en fallstudie i tre delar p̊a ett tillverkande företag och inneh̊aller en
kvalitativ del best̊aende av en litteraturstudie, en intervjustudie samt en analys av
artefakter. Detta kompletteras med en kvantitativ statistisk analys inneh̊allande en
multipel linjär regressionanalys samt ett Welch-ANOVA-test.

Resultaten fr̊an denna studie inkluderar en lista med inköpsfaktorer som p̊averkar
kostnadsosäkerhet och ett fastställande av deras p̊averkan. Detta kompletteras med
insikter ang̊aende hur användandet av kostnadsestimeringar p̊averkar förhandlings-
situationer och leverantörsrelationer. Som en del av studiens diskussion presenteras
ett strategiskt ramverk för hur man bör fokuera arbetet med kostnadsestimering-
steknik under de olika faserna i produktlivscykeln. Den föreslagna strategin in-
volverar förslag p̊a hur kostnadsestimeringsteknik bör användas, vilken typ av kom-
ponenter insatserna bör fokusera p̊a samt vilka förutsättningar som måste finnas
p̊a plats. Studien visar att interorganisationellt delande av kostnadsdata, lever-
antörsrelationer, förändring i inköpsvolym och fas i produktlivscykeln är centrala
faktorer som p̊averkar hur resurser för kostnadsestimeringsteknik ska fördelas.

Nyckelord: Kostnadsestimeringsteknik, kostnadsestimat, anska↵ning, industriellt
inköp, tillverkningsindustri.
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1 Introduction

The following section gives a brief background to the subject, followed by the prob-
lematisation, the objective of the thesis, and the research question with three cor-
responding sub-questions. Further on, necessary delimitations of the thesis and its
outline are presented.

1.1 Background

Buying components and products from independent suppliers, i.e. outsourcing, is
a clear trend in today’s increasingly global and specialised post-industrial economy
(Wirtz et al. 2015). Thus, procured items represent a substantial share of the
product value, thereby driving companies’ costs. To manage businesses in a world
where competition is intensified at a high pace, cost control is crucial. As procured
items are becoming an increasingly substantial cost, sourcing organisations have
to challenge suppliers continuously to reduce costs, which makes procurement an
operation of central importance.

One way to challenge suppliers e↵ectively is to use costs estimates. The art of esti-
mating the cost of a component is commonly referred to as cost engineering. This
is a broad term and Xu et al. (2012) define it as the practice of using engineering
techniques to plan, estimate and manage costs during the whole product life cy-
cle. Cost engineering techniques are well developed, ranging from regression models
and neural networks to activity-based costing and case-based methodologies, and
the possibilities have been amplified due to an increased amount of computerised
methods (Niazi et al. 2006).

Well-performed cost engineering gives accurate estimates which reduce the uncer-
tainty of costs. Thus, cost engineering is a vital tool to decrease costs while main-
taining su�cient quality. But even though the techniques associated with cost en-
gineering are well developed, which procurement attributes that a↵ect the price
uncertainty and thus the potential of cost engineering has not been studied thor-
oughly. Likewise, no strategic frameworks for the usage of cost engineering in an
industrial sourcing context based on such attributes have been presented.

This implies that it exists a gap within extant literature and the thesis aims to
fill this. Hence, the thesis examines how cost engineering should be used within
industrial sourcing by investigating the potential of cost engineering depending on
procurement attributes. The thesis also elaborates on how cost engineering should
be used from a strategical standpoint, in di↵erent negotiation settings and supplier
relationships. The research is conducted using a case study approach that focuses on
a global manufacturing company being in the midst of implementing a standardised
cost engineering procedure.
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1.2 Case Company

The case company is a manufacturing company o↵ering a vast range of industrial
products for several industries. The company is divided into separate business ar-
eas, each focusing on a specific product range. The thesis focuses on the business
area that manufactures and sells advanced assembly tools. The company o↵ers a
wide range of tools, sold on a business-to-business basis, mainly to the automo-
tive industry. Aerospace and shipbuilding are other key customer segments. The
ingoing components of the products are mainly mechanical, electromechanical and
electronic. Plastic and rubber components are also present.

The company both procure and produce ingoing components to the final products.
Internal factories focus on component manufacturing and final product assemblies.
Only a few products are fully assembled at suppliers, thereby the sourcing organ-
isation is focused on part purchases rather than module purchases. The sourcing
organisation follows a category management strategy where each purchaser is spe-
cialised in a certain component area. The department is divided into Strategic
Purchasing and Supplier Value Engineering.

The strategic purchasers are responsible for the strategic handling of the suppliers
with the main responsibility of developing suppliers, improving agreement terms and
handling the purchasing portfolio. The supplier value engineering team has two main
responsibilities: Supplier Quality Engineering and Project Purchasing. The former
focuses on developing the suppliers from a quality perspective, whereas the latter is
responsible for procurement during the product development phase. This responsi-
bility includes activities for giving feedback on product design as well as preparing
the product and the suppliers’ manufacturing processes for serial production.

1.3 Problematisation

The case object of this study is going through a transition from conducting cost
engineering on an ad-hoc basis to engaging in an initiative to standardise and dig-
italise cost engineering. Due to scarcity of resources, the company has chosen to
focus its cost engineering initiatives on certain procured components. This selection
is based on qualitative judgements and business know-how developed from experi-
ence. Thereby, there are no clear rationale for focusing or applying cost engineering
techniques on procurement activities, causing cost uncertainty.

Cost engineering, as a research area, is well explored within extant literature. How-
ever, this literature mainly focuses on the di↵erent cost engineering techniques them-
selves, the applicability of the techniques and comparisons between the feasibility of
techniques in di↵erent phases of the product life cycle. Cost engineering is mainly
discussed on a project level and thus, how the techniques should be used within
industrial sourcing of mass produced items is not clear. Also, what a↵ects cost
uncertainty throughout the product life cycle is not thoroughly explored (Xu et al.
2012). To understand what drives cost uncertainty of sourced components, the
underlying factors, i.e. procurement attributes, have to be studied.
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There also exists a gap in academia when it comes to linking contemporary cost en-
gineering practices, described by Roy (2003) and Niazi et al. (2006) among others,
to traditional sourcing management and negotiation strategies, such as open-book
accounting, i.e. full transparency between buyer and supplier (Agndal & Nilsson
2010). The work of Kraljic (1983) within portfolio management, including a clas-
sification system for identifying how to handle items depending on their sourcing
situation, and the corresponding strategies elaborated by Gelderman & Van Weele
(2003) as well as the di↵erent negotiation approaches described by Zachariassen
(2008), are also parts of the aforementioned sourcing management strategies which
have not yet been linked to cost engineering.

1.4 Objective

As previously described, cost engineering is a vital tool to decrease cost uncertainty
and thereby improve cost management. However, there are no defined strategies
regarding where to focus cost engineering resources within sourcing operations. To
address this issue, the thesis aims to identify which procurement attributes that
cause cost uncertainty, what attributes that have the highest impact and how dif-
ferent negotiation premises a↵ect the potential of cost engineering. The ultimate
objective of the thesis is to provide a strategic framework for the usage of cost
engineering within industrial sourcing, based on these attributes.

1.5 Research Questions

Based on the thesis’ problematisation and objective, the research question is formu-
lated as follows.

How should cost engineering be used within industrial sourcing?

The research question is broken down into three sub-questions with narrower foci.
Since cost uncertainty is identified as a central concept, e↵ort should be focused on
variation in cost. The first sub-question aims to identify a range of procurement at-
tributes a↵ecting cost variation. Sub-question II acts as verification and explanation
of the attributes identified in the first sub-question. Finally, sub-question III inves-
tigates how cost engineering should be used depending on negotiation premises.
Conclusively, the sub-questions aim to build a foundation for a strategic frame-
work for cost engineering usage. The sub-questions are further explained in Section
3.2.1.

I. What procurement attributes a↵ect cost variation?

II. How are the identified procurement attributes related to cost variation?

III. How should cost engineering be used depending on negotiation premises?

3



1.6 Delimitations

To narrow the scope of the thesis, the following delimitations are made.

• Since the thesis focuses on the strategic connection between cost engineering
and sourcing, it does not compare the performance of cost estimation algo-
rithms or methods but reflects on the methods’ usage and data requirements.

• The thesis does not consider how the part design can be improved in order to
reduce costs but focuses on how cost engineering resources should be allocated
to reduce the costs of procured components.

• Since the core competence of the case company traditionally has been mechan-
ical components, the thesis solely investigates externally produced machined
parts, bought as direct material, i.e. ingoing parts in products sold.

1.7 Outline

The thesis is structured as follows.

1. Introduction The first section gives a brief background to the situation expe-
rienced by the case company and academia, and formulates an objective by synthe-
sising the problem. Further on, the research question, corresponding sub-questions
and delimitations are stated together with an introduction of the case company.

2. Literature Review The second section gives the reader a more thorough un-
derstanding of cost engineering, supplier relationship management as well as the
settlement of part prices based on extant literature. Lastly, the section includes a
summary of the literature review.

3. Method The third section elaborates on the approach for the qualitative part of
the study containing interviews, literature and observed artefacts, and the quantita-
tive part, including the statistical models used. The section also contains reflections
on the validity, reliability and the research ethics of the thesis.

4. Results and Analysis The fourth section presents the procurement attributes
identified and the results from assessing their impact on cost uncertainty. Also,
a quantitative analysis of price changes as a result of negotiation premises and
interview findings regarding supplier relationship dynamics are presented.

5. Discussion The fifth section reflects on the flaws and strengths of the methods
used. Further on, a strategic framework for cost engineering usage within sourcing
is presented. This is followed by a discussion of the study’s findings in relation to
extant theory. Also, the sustainability aspect of the study is discussed.

6. Conclusion The final section provides the answer to the research question. Also,
the academic contribution of the research is stated as well as the practical managerial
implications. Finally, the limitations of the study are considered and suggestions on
further research are provided.
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2 Literature Review

The following section contains a review of extant literature within areas discussed
and reflected upon in the thesis and is followed by a summary. Such areas include
cost engineering, supplier relationship management and part price settlement.

2.1 Cost Engineering

This sub-section is divided into two parts, the former examines the current techniques
available for cost engineering, and the latter examines what attributes related to
procurement that a↵ects cost uncertainty.

2.1.1 Cost Engineering Techniques

The manufacturing cost of a part constitutes of three major parts: (1) material
costs, i.e. the amount of raw material used; (2) manufacturing expenses, i.e. the
machining and labour cost for processing the raw material into desired shape; (3)
overhead expenses, i.e. the indirect costs of manufacturing such as administration
and logistics (Watson et al. 2006, Roy et al. 2011). A vast amount of these costs,
between 70-85%, are created already at the concept phase of the Product Life Cycle
(PLC) (Roy 2003). Applying cost engineering at the drawing table can thus facilitate
the creation of cost e�cient designs. Thereby, built in cost drivers can be avoided
which decreases costs throughout the PLC (Watson et al. 2006).

Albeit this, cost engineering is usually used in a later stage of the PLC. When the
construction of a part is settled, the purchasing organisation uses cost estimation as
a tool to negotiate price terms with suppliers. A purchaser can, with cost estimates,
question and benchmark the reasonability of the quotations received from suppliers
which can help the purchasing organisation to identify cost deviating procured parts
(Watson et al. 2006, Ben-Arieh 2000). In order to reduce part costs substantially,
cost estimations have to be feasible before parts are procured or manufactured. This
will help the purchasing organisation to negotiate the right price from the beginning
and not only analyse the existing range of products (Xu et al. 2012).

Several methods and techniques within cost estimation of manufactured items have
been developed, which are mainly categorised into qualitative techniques and quan-
titative techniques, see Figure 1. Among the qualitative methods, there are methods
that rely on past experience where a domain expert’s knowledge is used to estimate
costs. This can be done in more or less systematic ways, including databases or
simply heuristics, and is known as intuitive techniques (Niazi et al. 2006). The case-
based methodology is one of these more systematic ways, it uses information from
previous design cases by finding a past design that closely matches the attributes of
the new design from a database (Niazi et al. 2006).

Analogical techniques are also based on historical cost data. These techniques utilise
similarity criteria based on historical cost data for products with known cost, i.e.
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an extrapolation, and then subjectively adjusts the estimate for di↵erences based
on factors as complexity (NASA 2015). The main advantage of using an analogical
approach is that it is quick and readily understood which makes is useful in early
stages, but it relies on opinions from experts to determine the adjustment factors
making it risky to use and di�cult to standardise (NASA 2015).

Figure 1: Classification of product cost estimation techniques (Niazi et al. 2006)

On the other side of the Product Cost Estimation (PCE) techniques are the quan-
titative techniques. One subset of these is based on statistical approaches where
cost is expressed as a function of its constituent variables and known as parametric
techniques (Niazi et al. 2006). These techniques include regression analysis models
and neural-network models, and are useful when the cost drivers are easily identified
(Niazi et al. 2006, Roy 2003). The regression is used to find a linear relationship
between the historical product cost and certain selected variables which then can
be used to forecast the cost of a new product (Niazi et al. 2006). The other method
utilises neural networks and can deal with non-linearity as well. Comparing regres-
sion models with neural networks, the latter is superior to the former in several
performance measures and in terms of accuracy (Shtub & Zimerman 1993).

The other subset of the quantitative techniques is analytical techniques (also referred
to as bottom-up estimates). These methods decompose products into fundamental
units, operations, and activities that represent di↵erent resources consumed dur-
ing the production cycle. The cost is then expressed as a summation of all these
components (Niazi et al. 2006). The decomposing could be done in several ways,
from tolerances and features, to necessary activities and incurred costs. This pro-
vides valuable insights into major cost contributors and the estimates are highly
transparent (NASA 2015). However, to attain such detailed estimates, years of
apprenticeship and training from seniors is needed (Roy 2003).

Since doing cost estimations purely manual is time-consuming, a range of cost esti-
mation software is available for commercial use. These have been proved to be very
e�cient in early design phases and by having a software compatible with Computer-
Aided Design (CAD), designers and constructors can produce cost e�cient designs
rapidly. One way of building this kind of cost estimating software is to include
algorithms for decoding geometrical features from CAD files, calculate the feasible
production routes and then select the most cost e�cient (Leibl 1999). For instance, a
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cylindrical feature will typically be manufactured in a lathe and can thereby be clas-
sified as a rotational feature. Algorithms for calculating manufacturing time, from
which cost can be derived, can be developed for each family and used to predict the
manufacturing cost (Jung 2002).

As earlier stated, there is a vast range of cost estimation techniques and it is quite
a challenge to select the most appropriate method, or the most appropriate combi-
nation of methods (NASA 2015). Frameworks to guide practitioners when encoun-
tering this challenge have been developed by NASA (2015), NATO (2007) as well as
Roy (2003), and are summarised in Table 1. The table indicates that the prevalent
cost estimating method changes over the PLC, with analogical and parametric tech-
niques dominating in the early phases and analytical in the production phase. This
change of the recommended method is driven by the amount of data available which
typically changes over time (NASA 2015). The frameworks from NASA (2015) and
NATO (2007) are designed to be used in cost estimation of projects, but are assumed
to be applicable to products analogically.

Table 1: Product cost estimation techniques by product life cycle phases

PCE technique Source Concept Design Production

NASA (2015) n.a. n.a. n.a.
Intuitive NATO (2007) G# # #

Roy (2003) n.a. n.a. n.a.

NASA (2015)  G# #
Analogical NATO (2007)   #

Roy (2003)   #
NASA (2015) G#  G#

Parametric NATO (2007)    
Roy (2003)   #
NASA (2015) # #  

Analytical NATO (2007) #   
Roy (2003) # #  

# PCE technique is used very sparsely, or not at all
G# PCE technique is used to some extent
 PCE technique is highly used

2.1.2 Procurement Attributes A↵ecting Cost Uncertainty

Cost engineering activities are highly dependent on the amount and quality of data
and information concerning the processes and products, which must be complete
and current (Roy et al. 2011). The di↵erent techniques stated in Section 2.1.1
demand various level of data, where the analytical models demand an vast amount
of data and information and thus is extremely time-consuming and di�cult to carry
out without computer aid (Layer et al. 2002). The data in these cases include
information regarding manufacturing technologies, machines, processes, and more
(Niazi et al. 2006, Layer et al. 2002). This implies that the amount of shared data
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a↵ects the accuracy of the cost estimates, hence a low amount of shared data causes
cost uncertainty.

Yet, the data sharing is not done by itself, but requires a relationship to be estab-
lished between buyers and suppliers. In a traditional supply chain, the only data
exchanged between these two parties are orders (Cachon & Fisher 2000). However,
information technology in general, and electronic data interchange in particular,
has enabled vast amounts of data to be shared in a quick and inexpensive manner
(Cachon & Fisher 2000) and data sharing is becoming increasingly more important
(Lotfi et al. 2013). Studies also show that there is a clear relationship between a
company’s information-sharing capability and its ability to reduce costs (Fawcett
et al. 2007).

But even though sharing is easy and that there are evident monetary gains to reap,
there is a repugnance towards data sharing within the manufacturing industry. This
is based on several factors, ranging from managerial and organisational to techno-
logical and financial (Khurana et al. 2011). Ubiquitous in all these factors, is the
significance of trust and commitment (Kwon & Suh 2004, Zhao et al. 2008). Trust
as well as commitment are e↵ects of well-maintained relationships. Due to this, one
can state that the supplier relationship a↵ects the accuracy of the cost estimates
and thus cost uncertainty.

Further on, products and parts are of di↵erent complexities and analytical cost
estimation models require methods to be applicable when the product is complex as
well (Layer et al. 2002). The component complexity can be determined by factors
like features, geometries, tolerances et cetera (Niazi et al. 2006). Since a high product
or part complexity requires more sophisticated methods, a simple parametric cost
estimation, such as a regression analysis model, will estimate a complex part with low
accuracy. Thus, component complexity is a factor a↵ecting cost uncertainty.

As earlier mentioned, between 70-85% of the product cost is committed during the
concept phase of the PLC (Roy 2003), to be incurred in a later stage (shown in
Figure 2). Ergo, cost estimates during the early phases are crucial and necessary
for a company’s survival since cost e�cient design can be facilitated and built-in
cost drivers avoided (Watson et al. 2006, Roy 2003). However, the available data
lags the curve of committed costs and models of more simple character have to be
used in the early stages (NASA 2015, NATO 2007, Roy 2003). But they have low
accuracy and thus the phase of the PLC is an attribute a↵ecting the accuracy of
cost estimates and cost uncertainty.

Manufacturing costs do not only constitute of material and production costs, but
also overhead costs which have to be accounted for when conducting cost engineer-
ing (Watson et al. 2006, Roy et al. 2011). The basis for the allocation of these costs
is predominately the direct labour content of each product (Fry et al. 1994). How-
ever, due to the declining role of direct labour and the inclining role of automation,
machine hours or processing time are used to allocate costs in highly automated
environments (Cooper & Kaplan 1988, Snyder & Davenport 1997). But it has been
argued that neither machine hours or process time are driving overhead costs, rather
are transactions resulting from component complexity, e.g. engineering change or-

8



ders, production planning personnel and quality controls (Banker et al. 1995).

Figure 2: Cost commitment curve (Roy 2003)

As a result of di�culties in allocating overhead costs, product costs may be distorted
and manufacturers risk to over-emphasise less profitable product lines (Banker et al.
1995). In order to cope with distorted products and avoid them, the use of activity-
based costing systems based on multiple transactional drivers other than volume
is recommended (Banker et al. 1995). Since overhead costs evidently are di�cult
to allocate, companies with high overhead costs are likely to allocate their costs
wrongly, and cost estimations in such cases have lower accuracy. Overhead costs
are generally higher when the product mix heterogeneity is high (Anderson 1995),
implying that product mix heterogeneity a↵ects the cost estimate accuracy and
thereby drives cost uncertainty.

According to NASA (2015), there are four critical elements related to conducting
cost estimates: data, expectations, resources, and schedule. The attribute data has
been brought up earlier in the section and the view of NASA (2015) coincide with
what has been stated earlier. The parameter expectation refers to managing the
multilayered expectations from di↵erent stakeholders. The remaining parameters
resources and schedule concern the number of required people, the budget, the
time plan et cetera (NASA 2015). These constraints can be grouped into resource
allocation which thus a↵ects the accuracy of cost estimates and hence low resource
allocation causes cost uncertainty.

2.2 Supplier Relationships and Strategies

The first part of this sub-section examines how to handle risk in supply chains and
the second examines supplier relationships and the concept of sharing cost data.
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2.2.1 Risk Handling in Supply Chains

One of the most well-known frameworks within purchasing strategy, linking sourcing
to supply chain strategy, is Kraljic’s portfolio matrix, see Figure 3. The model
employs a 2 ⇥ 2 matrix composed of four product quadrants providing a way of
segmenting the vendor base by two parameters: impact and risk (Montgomery et al.
2018). By ranking purchased items according to the two-parameter criteria, items of
the same supply characteristics can be grouped and handled together. Several such
supply characteristics corresponding to each criterion is shown in Table 2.

Figure 3: Kraljic’s portfolio matrix (Gelderman & Van Weele 2003)

Table 2: Characteristics of Krajlic’s portfolio matrix (Montgomery et al. 2018)

Procurement focus Main characteristics

Leverage items - High volume
- Economies of scale
- Many suppliers available
- Suppliers easily substituted

Strategic items - Supplier competence is unique
- Supplier technology is business critical
- Few suppliers available
- Substitution is di�cult

Non-critical items - Commodity characteristics
- Many equal suppliers
- Item not business-critical
- Easily substituted

Bottleneck items - Specialised products
- Dependant on supplier’s expertise
- Few suppliers available
- Supplier is di�cult to monitor and substitute

10



The purpose of mapping the supplier base into the matrix is to enable a portfo-
lio management strategy (Montgomery et al. 2018). Depending on the item cat-
egory, di↵erent strategies should be used for portfolio management (Gelderman &
Van Weele 2003). Di↵erent strategies can be utilised for either maintaining an item’s
position in the matrix, or moving it within the matrix. The following list provides
an overview of the strategies (Gelderman & Van Weele 2003).

• Leverage items enable the firm to exploit its buying power against the sup-
plier by forming more aggressive agreements. Rarely, a firm might move items
from the leverage position into a strategic position. This should only be pur-
sued if the supplier has the capability of developing the firm’s business strate-
gically.

• Strategic items should be purchased from a strategic partner. However, a
firm might be stuck in an unwanted strategic partnership. The firm then has
to accept the position or conduct a risky and resource demanding change of
supplier.

• Non-critical items can be moved by pooling them together and placing large
volumes at few and well-trusted suppliers. This enables movement of the items
to a leverage position and improvement of supply resource e�ciency. If pooling
is not feasible, the firm should focus on improving order handling e�ciency.

• Bottleneck items should be moved by simplifying the purchased component
and finding a new supplier. Due to the low financial impact, the company
can choose to accept the supply risk and focus on supply assuring activities,
thereby maintaining the item’s position.

Kraljic’s portfolio matrix has been criticised for being too qualitative (Montgomery
et al. 2018). The portfolio analysis of profit impact and supply risk, when imple-
mented at firms, is often oversimplified (Cox 2015). The strategies recommended
for handling di↵erent items in di↵erent quadrants are considered to be too generic.
Also, the definition of supplier market complexity is often di↵use and the models
used outdated. The portfolio model has also been criticised for not including the
individual power relation between the supplier and the firm (Cox 2015). Anyhow,
the Krajlic matrix has been implemented and used practically among many firms
due to its simplicity and comprehensiveness (Cox 2001).

An attempt to quantify the dimensions of Kraljic’s matrix was conducted by Gel-
derman & Van Weele (2003). In their case study, three main approaches for cate-
gorisation parameters were identified: the consensus method, the one-by-one method
and the weighted factor score method (Gelderman & Van Weele 2003). These are
three approaches with di↵erent characteristics; the consensus method is a qualita-
tive approach in which every categorisation is discussed thoroughly from a strategic
point of view. In the one-by-one method, classification is done according to the
purchasing value of the item in contrast to the number of suppliers available. The
weighted factor score is a more advanced approach, taking many factors into consid-
eration, however, it might be di�cult to fulfil the required data needs (Gelderman
& Van Weele 2003).
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2.2.2 Supplier Relationships and Sharing of Cost Data

According to traditional supply chain economics, firms can act in one of the following
three main constellations (Agndal & Nilsson 2010).

• Independent and engaging in market procurement, i.e. interacting as market
agents with no inter-organisational integration

• Vertical integration between supplier and buyer, also called internal procure-
ment, i.e. agents on di↵erent levels in the same supply chain integrate their
resources, by acquisitions or other means

• Relationship between supplier and buyer which is a hybrid between market
procurement and vertical integration, the firms are separate actors but align
their businesses

Which of the three levels of integration firms choose depends on the transaction cost
function. The function includes all costs related to a transaction of goods. Costs
are typically divided into ex-ante and ex-post costs. The former includes the cost
of preparing a transaction, i.e. preparing and forming contracts, the latter includes
the costs for monitoring the transaction (Agndal & Nilsson 2010). Firms will choose
to engage in the transaction form that minimises the transaction cost.

The factor commonly used to describe the choice of transaction form is asset speci-
ficity, i.e. if the transaction requires investments that cannot be used in other
transactions (Agndal & Nilsson 2010). If agents engage in a transaction with asset-
specificity, the e�ciency gains of control and coordination are high, thus a higher
level of integration is suitable. On the contrary, in transactions with a low level of
asset specificity, market procurement tends to be more e�cient, generally causing a
lower level of integration between firms (Agndal & Nilsson 2010).

The amount of data shared between supplier and buyer is typically depending on
the level of integration between firms (Agndal & Nilsson 2010). The closer a buyer-
supplier relationship is, the more cost data is shared. However, the role of the data
di↵ers depending on the relationship. In transactional procurement, the usage of
Open-Book Accounting (OBA) serves mainly as a tool for the procuring organisation
in the supplier selection process, or as a tool for avoiding misleading pricing by the
supplier. In relational procurement, OBA serves an additional function, facilitating
joint process development (Agndal & Nilsson 2010).

Cost transparency is also a part of the lean supply chain concept. In a lean supply
chain, the supplier and buyer should strive for joint cost reductions. By sharing cost
data, the actors can develop mutual cost targets which benefit both parties (McIvor
2001). However, there are several factors that could hinder such cost transparency.
The suppliers might be suspicious against the purpose of sharing cost data with
the buyer. There could also exist discrepancies in cost calculating models between
supplier and buyer, as well as system incompatibilities that further complicates the
information sharing (McIvor 2001).
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There is typically a correlation between the amount of cost data shared, the number
of joint cost reduction initiatives and the buyer-supplier trust (Möller et al. 2011).
Factors such as commitment, asset-specific investments and long-term strategic goals
will decrease the fear of opportunistic behaviour between the firms, thus increasing
the likelihood of cost data disclosure (Möller et al. 2011). There are studies indicat-
ing that demanding cost data disclosure can damage the supplier’s satisfaction with
the inter-organisational relationship (Windolph & Möller 2012).

Demand for cost data sharing may be perceived as a formal control mechanism which
tends to be interpreted as a lack of trust in the buyer-supplier relationship (Windolph
& Möller 2012). However, Inter-Organisational Cost Management (IOCM) is mainly
viewed as a positive and relationship strengthening activity (Windolph & Möller
2012). Apart from the mutual trust in buyer-supplier relationships, the power aspect
between the actors is also of importance. If the balance of the relationship is supplier
dominant and the mutual business volume is high, the feasibility of OBA and IOCM
is high (Kulmala 2004).

2.3 Part Price Settlement

The following sub-section consists of two parts. The first part gives an overview of
pricing and cost structures and the second part addresses the negotiation techniques
used for reaching optimal agreements in a two-agent setting.

2.3.1 Pricing Methods

In a market characterised by perfect competition, there exist identical products with
minimal barriers for new entrants, thus the conditions of supply and demand will
dictate the price of a product (Monczka et al. 2015). In the opposite situation, when
there exists a monopoly, only one supplier can provide the product and sets the price
without any competition (Monczka et al. 2015). However, either of these scenarios
is seldom the case and supplier have to take several parameters into account when
setting a selling price. Van Weele (2010) identifies a few of them, which is shown in
the following list.

• The expected demand for the product: while a higher demand will drive
prices up, a lower demand will often cause lower prices

• The number of active competitors in the market: a vast amount of
suppliers will increase the competition and decrease prices, and vice versa

• The expected development of the cost per unit: if production volumes
are expected to increase in the future, cost development will be anticipated
based on this

• The order volume of the customer: through utilising economies of scale,
large volumes enables lower prices

13



• The importance of the customer to the supplier: to engage in businesses
with certain large and well-reputed companies, suppliers may charge lower
prices temporary

• The value of the product to the customer: certain critical products can
be priced without any relationship to their manufacturing cost, e.g. spare
parts for manufacturing equipment

All of the above explained factors a↵ect the selling or purchasing price of the prod-
uct and traditionally act as input into di↵erent pricing models. However, one must
understand that prices are dynamic and not static, clearly illustrated by the phenom-
ena of learning curves. Learning curves is the term commonly used for describing
e�ciency improvements in labour attributed to the learning e↵ect (Argote & Epple
1990). A common heuristic for production learning curves is that there is approxi-
mately a 20% reduction of labour time required for a task, every time the output is
doubled (Argote & Epple 1990). This could a↵ect price development and should be
taken into consideration during the PLC.

In recent years, more and more organisations have shifted their focus from price
management towards cost management (Monczka et al. 2015). By doing this, there
may arise opportunities to reduce costs which would not have been identified by
focusing solely on prices. As in the case with pricing models, there are several models
for calculating costs as well. One such method is should cost modelling, which is
an approach to estimate the di↵erent components that make up the supplier’s price
(Monczka et al. 2015). Since such models rely on understanding the cost drivers,
analytical cost engineering techniques can be utilised.

However, these models only account for the external costs, and in order to capture
internal costs as well, the term Total Cost of Ownership (TCO) has been introduced
(Van Weele 2010). Formally, TCO is defined as the present value of all costs as-
sociated with a product incurred over its expected life (Monczka et al. 2015), see
Figure 4 for an overview of such internal and external costs. To be able to settle an
appropriate price, suppliers must have an understanding of the TCO and can hence
not solely focus on their internal cost.

Figure 4: Mapping of internal and external cost elements (Monczka et al. 2015)
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2.3.2 Negotiation Strategies

Purchasing agents’ negotiation strategies can, according to the traditional paradigm,
be divided into two types: problem solving and aggressive bargaining (Perdue &
Summers 1991). With a problem solving strategy, the agents try to identify mu-
tually beneficial solutions that improve business for both parties, whereas with an
aggressive bargaining strategy it is rather a matter of competing for the available
benefits (Perdue & Summers 1991). Both strategies, or a mixture of them, can
be used in any given setting, but there are situations where they are more or less
e�cient (Perdue & Summers 1991).

In a purely transactional relationship on arm’s length distance, using a problem
solving approach can be risky for an agent due to the amount of information that
is being disclosed. The disclosing agent can end up being exploited by the other
party. Hence, an aggressive bargaining strategy is more commonly used (Zachari-
assen 2008). However, in agent relationships with partnership characteristics, the
negotiation tactics used are dependent on the power balance between the agents. In
the case of the buyer is more powerful than the supplier, a subtle aggressive bargain-
ing approach is often pursued where the powerful agent uses its strategic position to
force cost cuts at the supplier. A problem solving approach to strategic partners can
be viewed as risky as well, due to the amount of data being shared (Zachariassen
2008). The complete framework is presented in Figure 5.

Figure 5: Negotiation strategies depending on setting (Zachariassen 2008)

In a two-party negotiation, there is empirical data emphasising the benefit of stating
reference points before the negotiation. For instance, how high the buyer’s reser-
vation price is will a↵ect the final settling price (Krause et al. 2006). There is also
evidence pointing towards that actors might even change their reservation prices
during the path of negotiation, this can cause parties to settle for unlucrative agree-
ments (Krause et al. 2006). The managerial implications of these findings are that
buyers, or sellers, should be well prepared before negotiation and have strategies for

15



knowing, and not changing, their reservation prices (Krause et al. 2006). Choosing
a negotiation strategy is not only a matter of analysing the power relation between
agents or crunching numbers, but the ongoing buyer-supplier relationship has to be
considered as well (Thomas et al. 2015). A sudden change in negotiation strategy
can damage long-term trust. However, the negative e↵ects of a change of negotiation
strategy can be mitigated by openly share information regarding the event causing
a sudden change (Thomas et al. 2015).

2.4 Summary of Literature Review

Several qualitative and quantitative cost engineering techniques are described in the
first section, creating an understanding of current practices within cost engineering.
Academia emphasises the role of information availability as critical for the accuracy
and the usage of computerised methods to improve e�ciency. The prevalent choice of
PCE technique changes as the product moves along the PLC. Further on, numerous
procurement attributes a↵ecting cost uncertainty are identified. These include data
sharing, supplier relationship, part complexity, PLC phase, overhead costs, product
heterogeneity and resource allocation. These attributes contribute to the results of
sub-question I and also act as a foundation for the data collection and discrimination
of data in sub-question II.

The second section includes an overview of traditional sourcing management strate-
gies, including Kraljic’s portfolio matrix and a strategic elaboration on how an item’s
position could be maintained or moved within the matrix. Further on, the phenom-
ena of shared cost data and OBA are investigated which stimulate cost transparency
and are parts of the lean supply chain. IOCM is another relationship strengthening
activity being looked into. The findings from the traditional sourcing management
strategies will together with the more modern cost sharing approaches act as a theo-
retical framework for sub-question III and be linked to the PCE techniques described
in the first section of the literature review.

The final section complements the portfolio management literature for sub-question
III with insights on pricing strategies and negotiations in di↵erent buyer-supplier
relationships. Being able to decompose the price utilising should cost analysis and
TCO, and also to elaborate on what a↵ects pricing, deepens the understanding of
sharing cost data. This concretises what actual data there is and thus what has
to be shared. In negotiations where the final pricing agreements are reached, the
theory describes two main strategies: problem solving and aggressive bargaining.
These strategies are more or less e�cient depending on the negotiation setting and
the buyer-supplier relationship. This implies that the usage of cost engineering is
dependent on the supplier relationship which has direct implications on sub-question
III as well as the thesis in whole.
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3 Method

The following section describes and motivates the design and process used to conduct
the research and to answer the research question with corresponding sub-questions.
Moreover, the validity, reliability and ethics of the research are evaluated.

3.1 Research Design

The research design constitutes of two parts, where the former describes the method-
ological approach chosen to conduct the research, and the latter describes the choice
of case company on which the research is applied.

3.1.1 Methodological Approach

The purpose of this thesis is to investigate cost engineering potential within indus-
trial sourcing, and it aims to describe how cost engineering should be used strate-
gically. The research question investigates an overlooked and under-researched area
lacking empirical evidence, thus formed by a gap-spotting approach (Sandberg &
Alvesson 2011). Due to the research area being a contemporary, real-life event, a
case study is the most appropriate method (Yin 2003). A study of case nature is
used to explore the phenomenon in a natural real-life context and obtain in-depth
knowledge (Collis & Hussey 2013).

The case study has a single-case holistic design, i.e. it is focused on one main
unit, which enables a thorough study of the targeted processes (Yin 2003). This
is due to the limited time frame of approximately five months and implies that
no statistical generalisations are done based on the findings from the case study.
However, the study can serve as a foundation for analytical generalisations (Yin
2003). Even though the case is carried out at a company, it may be focused on a
more elementary unit, i.e. a particular business, group of workers or event (Collis
& Hussey 2013). This is the situation in this case study which is explicitly focused
on the case company’s sourcing organisation.

As the study is partly built on observations and interviews, there is an element of
subjectivism. The empirical findings are interpreted by the researchers, hence the
results are processed intellectually before being presented which implies that the re-
sults are not purely objective (Morgan & Smircich 1980). Thereby, the study should
be considered to be partly subjectivistic. Throughout the research process, neither
pure deduction nor pure induction is used. Rather, empirical and theoretical find-
ings are gathered simultaneously and iterated back and forth, thus the main research
approach is considered to be of abductive nature (Kovács & Spens 2005).

The case study is divided into a qualitative and quantitative part. The former con-
sists of two main components, namely interviews and analysis of artefacts. Thus
aiming to capture the general view on cost engineering activities within, and out-
side, the case company. Artefacts, such as cost calculations templates, software and
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similar tools are investigated to give concrete examples and understand the poten-
tial of the tools (Yin 2003). The quantitative part assesses what factors that drive
cost uncertainty by analysing historic purchasing data using procurement attributes
identified in the first sub-question. By using three data sources, data source trian-
gulation is enabled and a more accurate picture of the situation at the case company
can be formed (Collis & Hussey 2013, Yin 2003).

3.1.2 Case Selection

The object of study is chosen due to its characteristics being a large industry com-
pany, world-leading within its segment and having an inter-organisational sourcing
department. The product portfolio is very broad and the amount of ingoing com-
ponents is thereby vast. This complicates the sourcing process since the spend per
article number is low, disenabling economies of scale among the suppliers. This
complex situation has caused the sourcing department to take action and it has
started to engage in building up a cost engineering processes to increase the cost
insight within the department. This makes the case company a good choice of study
object for the thesis.

3.2 Research Process

The research follows a chronological four-step process starting with the pre-study and
proceeded by the three sub-questions, presented in the following sub-sections.

3.2.1 Pre-Study

The topic of this thesis was initialised by the case company which expressed a
need for an in-depth analysis of cost engineering in general, and at their sourcing
department in particular.

Initial Meetings and Survey To understand the current situation at the case
company, informal meetings were conducted as early as during the autumn of 2018.
These meetings acted as a foundation to the problematisation together with a survey
sent out to the sourcing personnel during February 2019. The survey consisted of
six short questions and aimed to capture the current state of the cost engineering
practice at the case company (see Appendix I). It was sent out to 16 purchasers at
the case company, of which eleven answered the survey.

Literature Review In parallel to the meetings and the survey, an initial literature
review was conducted. This was done in order to deepen the understanding of the
research context, as well as to understand what topics that had already been covered
by academia and what had been concluded. The findings from the meetings and
literature review were iterated with the thesis’ supervisors at KTH Royal Institute of
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Technology and the case company, respectively. Initial ideas regarding the method
were also discussed with the supervisors.

Research Question From this work, the final research question is formulated as
How should cost engineering be used within industrial sourcing? It has three sub-
questions, the first is articulated as What procurement attributes a↵ect cost varia-
tion? This sub-question is of an exploratory nature and aims to identify procure-
ment attributes a↵ecting cost variation and thereby cost uncertainty. The second
sub-question is How are the identified procurement attributes related to cost varia-
tion? This sub-question aims to state in what way the attributes identified in the
first sub-question a↵ect cost variation utilising statistics, hence it is of confirmatory
nature. The last sub-question is How should cost engineering be used depending on
negotiation premises? It aims to investigate how cost engineering should be used in
the context of industrial sourcing based on the premises of the negotiation.

Interviews To empirically frame the research question with corresponding sub-
questions, an initial series of interviews is held. The interviews consist of a set
of predetermined open-ended questions but allow other questions or thoughts as
they may emerge from the dialogue with the interviewee and are thus of semi-
structured nature (DiCicco-Bloom & Crabtree 2006). They are held with two groups
within the sourcing division at the case company (see Table 3). The first group,
strategic purchasers, is interviewed to understand what a↵ects the price development
of procured items and potential attributes of the optimal setting for cost engineering.
The second group, project purchasers, is interviewed to understand the usage of cost
engineering during the whole PLC, and how product characteristics can a↵ect the
e�ciency of cost engineering. For each interview category, an interview template is
developed (see Appendix I).

Table 3: Summary of interviewees: Pre-study

Position Relationship Interview temp. Quantity

Strategic purchaser Internal Appendix I(b) 2
Project purchaser Internal Appendix I(c) 5

Artefacts To further deepen the empirical framing of the research question, and
the understanding of the current practices used by the sourcing department at the
case company, artefacts are investigated using an observational method. The or-
ganisation mainly uses two tools for monitoring costs, itemised below. During the
course of the study, access is given to both of these tools.

• A graphical visualisation tool for enterprise resource planning data, e.g. com-
ponent prices, delivery terms, supplier key performance indicators

• A production simulator which, from a CAD file, simulates a production sce-
nario and deliver a cost estimation based on the simulated production routing,
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i.e. an analytical cost engineering tool

The Enterprise Resource Planning (ERP) data visualisation is examined to under-
stand what the company measures and what data can be included in the quantitative
analysis. The production simulator is examined to understand what cost engineering
capabilities the case company have. The following additional company documen-
tations are also analysed in order to enable identification of discriminating factors
for the enterprise data analysis and to obtain an understanding of how the sourcing
department operates.

• The case company’s classification system for component complexity

• The case company’s product development process

• The case company’s PLC strategy for the upcoming years

• The case company’s template for TCO projects

The classification system is used as a reference when classifying components in
sub-question II, further elaborated in Section 3.2.3. The rest of the company doc-
umentation described above are used to understand how the case company work
with cost management during the PLC. Findings are used to generate ideas for the
quantitative and qualitative methods.

3.2.2 Sub-Question I

Sub-question I is formulated as What procurement attributes a↵ect cost variation?
and explores what procurement attributes that a↵ect cost variation. Hence, the sub-
question is of exploratory nature and acts as a foundation to sub-question II.

Literature Review The literature review serves the purpose of creating a more
thorough understanding of the subject, and places the result of the case study in
an academic context (Yin 2003). Although, the focus of the thesis is on the case
study and due to this a narrative literature review is conducted. Books, articles
and research papers are used as main sources and collected from the KTH Library
together with online databases. The online databases consist of Web of Science
and Primo (KTH Library’s search tool) to ensure high quality of the cited works,
but also Google Scholar which is considerably more inclusive than the former two.
However, sources are always selected from trusted publishers.

The literature review appurtenant to the first sub-question has Cost Engineering
as the main area with Cost Engineering Techniques and Procurement Attributes
A↵ecting Cost Uncertainty as the corresponding sub-areas. The areas are chosen
in order to give a deeper understanding of the research field, to provide insights
used when designing interview templates and to explore the cost engineering tech-
niques available, their limitations and their requirements in terms of input. By this,
attributes a↵ecting cost engineering potential in terms of uncertainty are derived.
The keywords used in the search include, but are not limited to, “cost engineering”,
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“cost estimation techniques”, “cost engineering procurement attributes manufactur-
ing” and “factors a↵ecting cost uncertainty”.

Interviews A second round of semi-structured interviews with a narrower scope
is conducted to validate and identify procurement attributes. These interviews are
held with external cost engineering professionals and strategic purchasers at the
case company (see Table 4). The second interview round focuses specifically on sub-
question I. The interviews are of semi-structured nature, and the interview templates
are designed to validate the procurement attributes found in academia and also to
identify additional attributes (see Appendix I for interview templates).

The cost engineers are interviewed in order to understand the current best practices
within the profession and what procurement attributes that a↵ect cost variation.
The strategic purchasers are interviewed to understand what causes uncertainty
in prices, i.e. cost variation, and to understand in what context cost engineering
would be most useful. During the interviews, one member of the research team
asks the questions and holds the conversation, simultaneously the other member of
the research team writes notes of the central content. All interviews are recorded
and revisited one additional round. During the second listening round, the initial
meeting notes are complemented. The responses from the interviews with strategic
purchasers are informally validated with the sourcing sta↵ at the case company.

Table 4: Summary of interviewees: Sub-question I

Position Relationship Interview temp. Quantity

Cost engineer External Appendix I(d) 7
Strategic purchaser Internal Appendix I(e) 4

3.2.3 Sub-Question II

Sub-question II is formulated as How are the identified procurement attributes related
to cost variation? During the study of sub-question II, data on the attributes
identified in sub-question I is gathered and analysed statistically. Thus, this sub-
question is of confirmatory nature.

Quantitative Data Collection The raw data is acquired from the case com-
pany’s ERP system in which all of the company’s transactions are booked. The
selection of variables is based on the findings in sub-question I and the data is gath-
ered in a form that allows a regression analysis to be run on the data set. The
variable part complexity (see Table 7) is computed manually. The complexity clas-
sification is conducted through looking at technical drawings of the components and
comparing them with the case company’s internal classification of part complexity.
This is done in group by the research members in order to ensure validity.
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To limit the amount of data, only the time period of 2010-01-01 to 2019-02-18 and
purchases of machined parts as direct material made to one of the case company’s
production plants are considered. Also, only components for which four or more
orders have been placed during the time period are included. In Table 5 and Table
6, the dependent and the independent variables are shown. Descriptions of the cat-
egorical variables’ ingoing categories are presented in Table 7. For a more thorough
explanation of the variables and how they are calculated, see Appendix II.

Table 5: Description of dependent variable

Variable Type Description

PRICE VOL CV Continuous The coe�cient of variation of average yearly price divided by the
coe�cient of variation of yearly purchasing volume

Table 6: Description of independent variables

Variable Type Description

AVG VOL Continuous Average yearly purchasing volume
SUM VOL Continuous Sum of the yearly purchasing volume
MED VOL Continuous Median yearly purchasing volume
FIRST LAST VOL Continuous Change between the first and last avg. yearly purchasing vol.
MIN MAX VOL Continuous Change between lowest and highest avg. yearly purchasing vol.
AVG VOL G Continuous Average yearly purchasing volume growth
CC SPEND Continuous Yearly spend on a supplier
CC ITEM Continuous Number of unique components procured from a supplier
PAY DAYS Continuous Average invoice payments days
SUP CHG Continuous Number of supplier changes for a component
PROD DAYS Continuous Number of days since the first time of procurement
SUP DP Continuous Average delivery performance
SUP QN Continuous Average quality notifications
SUP LT Continuous Average lead time
PART COMP Categorical Complexity of a component
SUP CLASS Categorical Supplier relationship classification

Table 7: Description of PART COMP and SUP CLASS categories

Variable Category Description

PART COMP A Technologically critical parts produced in-house
B Semi-complex parts produced at entrusted and reliable suppliers
C Simple parts without supplier choice being critical

SUP CLASS CP Competitive supplier
NES New business on hold
PHO Phase-out supplier
PP Preferred partner

Descriptive Statistics To understand and describe the basic features of the ac-
quired data set, measures of central tendency and spread are included in Table 8 and
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Table 9. All variables have at least 1,119 observations which indicates a low level of
missing data. As seen in Table 7, PART COMP has three categories and SUP CLASS has
four. The distributions of the categorical variables are presented in Figure 6. As can
be seen, few components are of category A whereas a majority is of category C. Also,
there are very few suppliers of category PHO, making the data set imbalanced.

Table 8: Descriptive statistics of dependent variable

Variable N Min Max µ �

PRICE VOL CV 1,230 0.000 4.441 0.328 0.440

µ Denotes mean
� Denotes standard deviation

Table 9: Descriptive statistics of independent variables

Variable N Min Max µ �

AVG VOL 1,230 7.833 31,833.667 982.364 2,178.938
SUM VOL 1,230 47.000 247,807.000 8,523.436 19,084.775
MED VOL 1,230 6.500 32,600.500 970.371 2,266.202
FIRST LAST VOL 1,230 -337.632 0.933 -4.749 16.380
MIN MAX VOL 1,230 0.240 0.998 0.820 0.132
AVG VOL G 1,230 -0.458 1.261 0.138 0.293
CC SPEND 1,230 0.000 7,076,064.800 2,134,410.294 1,737,764.646
CC ITEM 1,230 3.000 1,552.000 393.277 337.975
PAY DAYS 1,230 17.353 91.500 38.799 9.434
SUP CHG 1,230 1.000 6.000 1.578 0.849
PROD DAYS 1,230 1,610.000 5,608.000 4,810.180 958.094
SUP DP 1,119 0.000 1.000 0.826 0.247
SUP QN 1,229 0.000 22.875 7.500 6.073
SUP LT 1,229 4.015 67.635 23.673 9.138
PART COMP 1,230 n.a. n.a. n.a. n.a.
SUP CLASS 1,193 n.a. n.a. n.a. n.a.

µ Denotes mean
� Denotes standard deviation

(a) PART COMP (b) SUP CLASS

Figure 6: Bar charts of PART COMP and SUP CLASS
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Data Processing As the data is collected in raw data format from the ERP
system, it requires processing before being used in the regression analysis. By pro-
cessing the gathered data in Microsoft Excel, mainly through pivot tables and Visual
Basic for Applications in Microsoft Excel (see Appendix III), the data is consoli-
dated into a table with the layout shown in Table 10. However, a regression model
cannot be applied to the data set immediately. Table 9 and Table 10 visualise the
issue of missing data among the variables. Since a regression model requires values
of all variables for each observation, missing data have to be handled.

Table 10: Conceptual table of gathered data

PRICE VOL CV AVG VOL G SUP DP PART COMP · · · SUP LT

0.476 0.347 0.789 C · · · 11.785
0.147 0.867 n.a. C · · · 19.711
0.000 0.433 0.895 C · · · 16.518
0.078 0.756 n.a. C · · · 21.347
...

...
...

...
. . .

...
0.055 0.683 0.421 A · · · 37.734

There are several approaches to handle missing data, where the most common are
listwise deletion and sample mean substitution. The former of these refers to the
deletion of each observation that has missing data on any of the variables in the
data set. This has the benefit that a common base is used for the basic statistics,
but the sample size is decreased (Widaman 2006). The sample mean substitution,
on the other side, is a procedure where all missing values are given a value by the
sample mean for that measure. One benefit of this method is that the sample mean
of non-missing values is unchanged, but it leads to a negative bias of the standard
deviation (Widaman 2006).

The data set experiences a low level of missing data. There are 111 missing values
in SUP DP, 37 in SUP CLASS, 1 in SUP QN and 1 in SUP LT. In total, this contributes
to 147 rows with missing values why the listwise deletion approach is chosen. In
addition to the listwise deletion of missing data, the filter Y > 0.01 is applied to
the dependent variable PRICE VOL CV. This is done since a constant value of either
the price or the purchasing volume will result in a coe�cient of variation of 0.
Thus the value of PRICE VOL CV will be 0, or division with 0, creating a cluster of
observations which causes problems for the regression analysis. After the listwise
deletion procedure, an additional 172 observations were removed by the filter of
Y > 0.01. In total, the data set decreased from 1,230 observations to 911, which
still is considered to be a su�cient number of observations.

As seen in Table 9, there are two categorical predictors available which will be
included in the regression analysis. To be able to include these predictors, they
have to be converted using dummy variables which takes on two possible numerical
values: 1 or 0 (James et al. 2013). When a categorical predictor has more than
two levels, a single dummy variable cannot represent all possible values, therefore
multiple dummy variables must be used. There will always be one fewer dummy
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variable than the number of levels (James et al. 2013). This means that PART COMP is
recoded into two dummy variables (see Equation 1) and SUP CLASS into four dummy
variables. The last category in each classification serves as a reference variable, and
the � of the dummy variables shall be interpreted in relation to those.

yi = �0 + �1xi1 + �2xi2 + ✏i =

8
><

>:

�0 + �1 + ✏i if i:th article is of class A

�0 + �2 + ✏i if i:th article is of class B

�0 + ✏i if i:th article is of class C

(1)

Multiple Linear Regression A multiple linear regression analysis is used to
predict a quantitative response by modelling the relationship between two or more
independent variables (also known as predictors) and a dependent variable (also
known as response variable) (Montgomery et al. 2012). The term linear is used since
the model is a linear function of j predictors, shown in its general form in Equation 2.
Xj represents the j:th predictor, �j quantifies the association between that predictor
and the response variable Y . ✏ represents the error term, i.e. the residual between
the estimated values and the observed values (James et al. 2013).

Y = �0 + �1X1 + �2X2 + . . .+ �pXp + ✏ (2)

The regression approach has been chosen as sub-question II aims to explain a quan-
titative response using several procurement attributes identified in sub-question I.
The response variable Y for the regression analysis is chosen to be PRICE VOL CV.
This variable is chosen based on the outcome of sub-question I. Since the variable
reflects the fluctuation in price with respect to the purchase volume fluctuation, it
is considered as an indicator of cost uncertainty, i.e. an item where cost engineering
has high potential (see Appendix II for an elaborated explanation).

Test of Regression Assumptions In order to conduct a multiple linear regres-
sion, there are several assumptions that have to be fulfilled which are shown in
the below itemisation. Heavy violations of these assumptions may yield an unstable
model in the sense that a di↵erent sample could lead to a totally di↵erent model with
opposite conclusions, thus it is of central importance to ensure that the assumptions
are fulfilled (Montgomery et al. 2012, Williams et al. 2013).

• The relationship between the response Y and the predictors X1, X2, . . . , Xp is
linear, at least approximately

• The error term ✏ is independent and identically distributed with zero mean
and constant variance, i.e. ✏ ⇠ N (0, �2)

• There is a low level of multicollinearity between the predictors X1, X2, . . . , Xp

In order to determine whether the first assumption is fulfilled, i.e. that there is
an approximately linear relationship between the response Y and the predictors
X1, X2, . . . , Xp, the residuals (ei = yi � ŷi) can be plotted against the predicted
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values ŷi and analysed (James et al. 2013). If the plot indicates non-linearity, trans-
formations of non-linear character can be utilised on the predictors. Such transfor-
mations include ln(Xj),

p
Xj and X

2
j (James et al. 2013), but a transformation of

the response variable Y could also be appropriate (Montgomery et al. 2012).

By assessing the outcome of the residual plots in Figure 7, a lack of linearity is
seen. Thus the dependent variable is transformed. The transformations used include
square root

p
Y and a natural logarithmic transformation ln(Y ). The results of the

transformations can be seen in Figure 8, where the untransformed data displays
an L-shape. The transformed versions show more even distributions, especially the
logarithmic why this transformation is chosen in the final model. As one can see
in the plots in Figure 9, the post-transformation scatter is distributed in a pattern
reflecting uniform random distribution, thus indicating improved linearity.

(a) Residuals (b) Studentised residuals

Figure 7: Residual plots of untransformed PRICE VOL CV

(a) Untransformed (b) Logarithmed (c) Square rooted

Figure 8: Histograms of transformations of PRICE VOL CV

The residual plot can also be used to test heteroscedasticity, i.e. non-constant vari-
ances in the errors, which is indicated by patterns in the scatter. The usual approach
for dealing with heteroscedasticity issues is to apply a suitable transformation of the
dependent variable, usually a concave function such as ln(Y ) or

p
Y (James et al.

2013, Rawlings et al. 2001). This type of transformations results in a greater amount
of shrinkage of the larger response which reduces the heteroscedasticity (James et al.
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2013). By examining the plots in Figure 9, it can be seen that there are no trending
lines in the residual plots of the logarithmed transformed dependent variable. This
indicates homoscedasticity throughout the data set and thereby this assumption is
considered to be met.

(a) Residuals (b) Studentised residuals

Figure 9: Residual plots of logarithmed PRICE VOL CV

To test the normality of the residuals, a quantiles-quantiles plot (also known as a Q-Q
plot) can be used. It plots the quantiles of the given distribution versus the quantiles
of a normal distribution and is designed in such a way that a normal distribution
will be plotted as a straight line (Williams et al. 2013). Substantial departures from
the straight line indicate that the distribution lacks normality, and thus that the
assumption is violated (Montgomery et al. 2012). Q-Q plots of the untransformed
and the logarithmed dependent variable, respectively, can be seen in Figure 10. A
clear deviation from the normality line can be seen for the untransformed variable
but the transformed variable is substantially better fitted. However, there is a
deviating tail for low theoretical quantiles but the deviations are not too large and
thereby the normality assumption is considered to be fulfilled.

(a) Untransformed (b) Logarithmed

Figure 10: Q-Q plots of untransformed and logarithmed PRICE VOL CV

The phenomenon in which one predictor could be linearly predicted from the others
is known as multicollinearity and is a serious problem that may impact the usefulness
of a regression model. This is since it can pose di�culties in separating out the

27



individual e↵ects of collinear variables on the response (Montgomery et al. 2012).
A simple way to check for collinearity is to look at a correlation matrix of the
predictors where elements that are large in absolute value indicates a collinearity
problem (James et al. 2013). Such a matrix is presented in Figure 18 (see Appendix
IV) and indicates that there is a high level of collinearity between AVG VOL, SUM VOL
and MED VOL, three variables measuring purchasing volume. A strong correlation is
also found between CC SPEND and CC ITEM. Thus, only one variable from each of
these groups should be included in the model.

However, this is not enough since a correlation between three or more predictors is
not shown in such matrix, i.e. multicollinearity is not detected. A better way to
address this is to calculate the Variance Inflation Factor (VIF). A VIF that exceeds
5 or 10 indicates a problematic amount of multicollinearity according to James et al.
(2013), while Montgomery et al. (2012) means that a threshold should be put at 10.
If the threshold is exceeded, there are two ways to address the issue. Either, one
of the problematic variables has to be dropped which usually can be done without
much compromise to the regression fit. The other solution is to combine the collinear
variables together into a single predictor, e.g. by taking the average of two collinear
standardised variables (James et al. 2013).

As one can see from the VIF-values in Table 11, the data set does not su↵er from any
severe multicollinearity. Only two variables, CC SPEND and CC ITEM show high VIF-
values (see Table 11, model 1). The threshold for the VIF-values in the regression
is set to 5, thus the more conservative criterion is applied. The approach chosen
for resolving the multicollinearity issue is to simply remove the variable CC ITEM.
After removing CC ITEM, no VIF-value exceeds 5 (see Table 11, model 2). The
elimination can be conducted without losing any explanation power due to the fact
that CC ITEM and CC SPEND are measuring the same thing, more specifically the case
company’s dependency at a specific supplier. The more items that are purchased
at the supplier, the higher the spend is. The reason for removing CC ITEM is that it
is the spend at the supplier is considered to better reflect the financial dependency
between the case company and the supplier.

Table 11: Values of VIF in the regression models

Variable VIFmodel 1 VIFmodel 2

MIN MAX VOL 1.035 1.043
SUP CHG 1.142 1.141
CC SPEND 8.485 1.181
CC ITEM 8.424 n.a.
SUP CLASS CP 1.173 1.048
PART COMP B 1.190 1.136
SUP LT 1.119 1.126
SUP CLASS PHO 1.081 1.075
AVG VOL G 1.029 1.030
PART COMP A n.a. 1.047

n.a. denotes that the variable is not included in the model
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Regression Model Development In order to determine whether there is a re-
lationship between the response and the predictors, the null hypothesis, defined as
H0 : �1 = �2 = . . . = �p = 0, is tested versus the alternative hypothesis, defined as
Ha : at least one �j is non-zero (James et al. 2013). This test is done using an F-
statistic. If there is no relationship between the response variable and the predictors,
the F-statistic would take a value close to 1, but if Ha is true, it would be greater
than 1 (James et al. 2013). If the F-statistic indicates that there is a relationship
between the response and predictors, the next step is to investigate which predic-
tors that are associated with the response (James et al. 2013). This is referred to
as variable selection and a commonly used approach for this is stepwise regression.
This is a forward selection process (i.e. adding one variable at a time fulfilling a
criteria Fin) that at every step rechecks the importance of all previously included
variables and predictors are dropped if they do not meet the minimum criterion Fout

(Rawlings et al. 2001).

The criteria are usually chosen so that Fin > Fout, which makes it relatively more
di�cult to add a predictor than to delete one (Montgomery et al. 2012). In this
case, the criteria are chosen as Fin = 3.84 and Fout = 2.71 which corresponds to
p-values of 0.05 and 0.10 respectively, the default values in IBM SPSS, the statisti-
cal software where the regression is conducted. Even though the stepwise method
is computationally e�cient, it is not guaranteed that it will find the best solution
(Montgomery et al. 2012). However, our data set constitutes of 216 possible combi-
nations and exploring all di↵erent combinations is not feasible. The stepwise method
is also, as described above, dynamic in its way to add and remove variables, thereby
providing a well-fitting model for the examined data set.

To assess the overall adequacy of the model, R2 and adjusted R
2 are common mea-

sures. R2 measures the proportion of variability in Y that can be explained using Xj

(James et al. 2013). The adjusted R
2 takes the degrees of freedom into account, thus

the measure decreases as unnecessary variables are included in the model (James
et al. 2013). Depending on the application, the fit of the model should be interpreted
di↵erently. If one expects a high correlation, the fit is of high interest. However,
if the regression model is used for explanatory purpose rather than predictive, the
same requirement on the fit is not applied (James et al. 2013). The fit measures are
presented together with the final model in Section 4.2.

To improve the R2 value of the regression, elimination of outliers and leverage points
can be conducted. Outliers are points where yi are far from what the model predicts,
and leverage points are observations with unusual values for xij, these will a↵ect the
R

2. Outliers and leverage points can usually be spotted by plotting residuals or
studentised residuals (James et al. 2013). The residual plots (see Figure 9) indicate
that there are no severe outliers or leverage points, and the data set is thus kept
intact which increases the statistical relevance since a larger number of observations
are included in the analysis.
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3.2.4 Sub-Question III

The final sub-question is formulated as How should cost engineering be used de-
pending on negotiation premises? This sub-question aims to link extant literature
on negotiations and supplier relationships to the usage of cost engineering activ-
ities. Also, it uses a statistical analysis to discriminate the negotiation premises,
complemented by interviews with professionals.

Literature Review Following the same literature review procedure as in Section
3.2.2, a theoretical framework is built for sub-question III. The main areas covered
are Supplier Relationships and Strategies respectively Part Price Settlement. The
former focuses on actual cost data sharing, the role of the supplier relationship and
has the sub-areas Risk Handling in Supply Chains, and Supplier Relationships and
Sharing of Cost Data. Whereas the latter has the sub-areas Pricing Methods, and
Negotiation Strategies, thus focusing on negotiations and pricing. Keywords used in
the search include, but are not limited to “lean supply chain”, “cost transparency
supply chain”, “open book accounting”, “supplier negotiation strategies”, “kraljic
matrix”, “purchasing portfolio” and “should cost modelling”.

Interviews A series of semi-structured interviews with a narrower scope than
the initial interviews is conducted. The interview templates (see Appendix I) are
constructed in order to complement and confirm the theoretical findings from the
literature review for sub-question III, mainly concerning negotiations and supplier
relationships. The same interview procedure as in Section 3.2.2 is used, and the
interviews are conducted with professionals from four categories (see Table 12).

The first group, cost engineers, is interviewed to understand how cost engineering
can be used in di↵erent contexts, and in negotiations. Secondly, strategic purchasers
are interviewed to understand how data is used in negotiations today, what the
implications of di↵erent level of supplier relationships are, and how cost engineering
would be used in di↵erent scenarios. Lastly, both small and large-sized suppliers are
interviewed to understand the view on sharing cost data and how the level of data
disclosure is a↵ected by the buyer-supplier relationship.

Table 12: Summary of interviewees: Sub-question III

Position Relationship Interview temp. Quantity

Cost engineer External Appendix I(f) 7
Strategic purchaser Internal Appendix I(g) 4
Small-sized supplier External Appendix I(h) 4
Large-sized supplier External Appendix I(h) 2

Quantitative Data Collection The quantitative data collection for sub-question
III is conducted through exporting data from the ERP system. The data is gathered
in a form that allows an Analysis of Variance (ANOVA) to be run on the data set.
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No variable values included in the data collection are entered manually. For sub-
question III, the variables are selected to describe what kind of negotiation premises
that cause price changes of procured items. In Table 13, descriptions of the variables
included are presented and in Table 14, a description of the ingoing categories for the
independent variable is presented. The same time limit for the data collected is used
as in Section 3.2.2. Also, only article numbers that are included in the regression
analysis is included in the analysis in sub-question III.

Table 13: Description of the ANOVA variables

Variable Depend. Type Description

PRICE DIFF Dependent Continuous The di↵erence between two consecutive price points
PRICE CODE Independent Categorical The reason for a price change of a component

Table 14: Description of PRICE CODE categories

Category Description

CSUP Changed supplier, i.e. the component being transferred to another supplier
FCCH Forecast changed, i.e. a decrease in the forecasted purchase volume
FCCI Forecast increased, i.e. a increase in the forecasted purchase volume
LGTC Logistic distribution channel changed, i.e. a change in logistic circumstances
NEWP New part introduced, i.e. the first time a components is procured
OUTS Outsourced, i.e. the component being outsourced instead of produced in-house
RDES Redesigned, i.e. a redesign of the component forced by research and development
SSUP Same supplier, i.e. the supplier is unchanged but with an updated price
TRSF Transfer, i.e. the component being transferred between internal plants

Descriptive Statistics The descriptive statistics for the ANOVA data set is sum-
marised in Table 15. Note that for each data point of the dependent variable, there
is a related data point of the independent variable. Hence, there is no missing data
in the data set. The distribution of the categorical variable PRICE CODE is presented
in Figure 11. Note that the SSUP category contains a substantially larger number of
observations compared to the rest of the categories.

Table 15: Descriptive statistics of the ANOVA variables

Variable N Min Max µ �

PRICE DIFF 2,746 -0.982 1.990 0.046 0.441
PRICE CODE 2,746 n.a. n.a. n.a. n.a.

µ Denotes mean
� Denotes standard deviation
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Figure 11: Bar chart of PRICE CODE

ANOVA In order to analyse what negotiation premises that drive price changes,
an ANOVA test is conducted. The test is done to be able to compare the di↵er-
ence in means of the dependent variable PRICE DIFF based on the factorial variable
PRICE CODE containing nine sub-groups (see Table 14). Thus, a one-way ANOVA is
applied, and since each saving in the data set is only appearing once, the ANOVA test
is without replication (Howell 2009). The null hypothesis for the one-way ANOVA
test is that the means for all groups are equal, i.e. H0 : µ1 = µ2 = ... = µj. While
the alternative hypothesis is Ha : at least one µj is di↵erent (Howell 2009).

Test of ANOVA Assumptions The ANOVA test has certain data criteria which
are presented in the following itemisation (Bishop & Dudewicz 1981).

• The data is normally distributed, tested through histogram plots, skewness
and kurtosis analysis and Q-Q plots

• The data indicates homoscedasticity, i.e. the variances of the di↵erent cate-
gories are approximately the same, tested through a Levene’s test

• The observations are independent, i.e. each data point must represent an
individual object, ensured by an ANOVA without replication

The initial test for normality is done by plotting the histogram for PRICE DIFF. The
histogram for the unselected data set (see Figure 12a) shows that PRICE DIFF is not
well normally distributed. Some high values of PRICE DIFF that cause skewness in
the data are identified. To address this issue, all Y > 1 are removed, this corresponds
to a removal of all price changes larger than 100%. Also, the category OUTS is
removed since its sample size is too small for a proper statistical investigation and
NEWP is removed since the analysis only shall be conducted on components that are
produced in serial production and not new components. Lastly, LGTC is removed
since a change in the logistics distribution channel is not a result of cost engineering.
The post-removal data set constitutes of 2,246 data points. From the graphs in
Figure 12, one can detect that the normality is improved by the data removal (see
Figure 12b).
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(a) All observations (b) Selected observations

Figure 12: Histograms of all and selected observations of PRICE DIFF

To further test the normality of the data set, a deeper analysis of the skewness
and kurtosis is conducted. One way to asses the normality is to compute their Z-
scores. According to Ghasemi & Zahediasl (2012), an absolute value of the Z-score
greater than 2.580 implies that the data follows a normal distribution by a statistical
significance of 0.01, which is required for a large number of observations. The Z-
scores are calculated by dividing the measures’ statistics by their standard errors.
In Table 16, the skewness’ and kurtosis’ Z-scores are presented which have absolute
values larger than the threshold values, i.e. indicating normality.

Table 16: Skewness and kurtosis for selected observations of PRICE DIFF

Measure Statistic Std. err. Z-score Threshold

Skewness -0.195 -0.052 3.750 2.580
Kurtosis 0.549 0.103 5.330 2.580

A visual confirmation of the above normality test is conducted by assessing the Q-Q
plots of PRICE DIFF, presented in Figure 13. From Figure 13a, one can detect that
there is no perfect normality since the plot shows deviating tails for high and low
theoretical quantiles. However, after the data selection, the normality is improved
and considered su�cient (see Figure 13b), this verifies the results of the Z-scores.
Since the data set follows a normal distribution, it can be assumed that the sample
groups follow the same distribution (Ghasemi & Zahediasl 2012). To confirm this,
histograms of all sub-groups are shown in Figure 14. As can be seen, the data sets for
all sub-groups are not perfectly normally distributed, but considered su�cient.

In order to assess the homoscedasticity of the data set used in the comparison
between means, a parametric Levene’s test is applied. The test is investigating the
null hypothesis that all variances are equal, i.e. H0 : var(xj) = �

2, using an F-
statistic. If the test’s p-value, for which the significance level ↵ is set to 0.05, does
not show any significance, the data set is considered to be heteroscedastic (Gastwirth
et al. 2009). The Levene’s test is run on the selected cases of the PRICE DIFF variable
and its sub-groups defined by the PRICE CODE variable.
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(a) All observations (b) Selected observations

Figure 13: Q-Q plots of all and selected observations of PRICE DIFF

(a) SSUP (b) RDES (c) FCCH

(d) TRSF (e) CSUP (f) FCCI

Figure 14: Histograms of PRICE DIFF sub-groups

Table 17: Test of homogeneity of variances PRICE DIFF

Test base Levene stat. d.f. 1 d.f. 2 Sig.

Mean 25.932 5 2,240 0.000*
Median 26.504 5 2,240 0.000*
Median with adjusted d.f. 26.504 5 2,148 0.000*
Trimmed mean 26.234 5 2,240 0.000*

* Denotes significance at the ↵ = 0.001 level
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The results from the Levene’s test (see Table 17) shows that the null hypothesis
is rejected at the 0.05 significance level. Thereby, the data set must be considered
heteroscedastic. Due to the heteroscedasticity in the data set, an ordinary one-way
ANOVA cannot be run since the assumptions cannot be met. However, applying
a Welch-ANOVA solves this issue. The Welch-ANOVA is taking heteroscedasticity
into consideration when calculating the F-statistic (Moder 2010) and, similarly to
the traditional ANOVA, tests the null hypothesis that all means are equal. It gives
an F-statistic, as well as a p-value as output. If the F-value exceeds the value of
Hcrit and the p-value is below the significance level ↵, commonly set to 0.05, the
null hypothesis is rejected (Moder 2010).

The ANOVA test only tells if the mean di↵ers, not how they di↵er. Therefore, it
has to be followed by a post-hoc test measuring how the means di↵er from each
other. The post-hoc test chosen is the Games-Howell test. This test is chosen due
to its ability to take heteroscedasticity into consideration. Games-Howell conducts
pairwise comparisons between means and provides confidence intervals for the mean
di↵erences, the significance level ↵ is set to 0.05 (Gabriel 1978).

3.3 Reflections on Research Design

This sub-section reflects upon the research design of this study in terms of valid-
ity and reliability. Further on, the research ethics of this thesis has been consid-
ered.

3.3.1 Validity and Reliability

In the following paragraphs, four aspects of validity and reliability based on a case
study quality framework presented by Gibbert et al. (2008) are reflected upon.

Construct Validity Construct validity refers to whether the study properly inves-
tigates what is stated (Gibbert et al. 2008). The construct validity is strengthened
by establishing “a clear chain of evidence” (Gibbert et al. 2008), which helps the
reader to follow the process from the research question to the conclusions. Trian-
gulation, i.e. viewing the research question, and the corresponding sub-questions,
from several perspectives by using several data sources, is also of central importance
(Gibbert et al. 2008).

In the method, the artefacts reviewed, the interviewees’ roles, the interview tem-
plates as well as the quantitative data gathering, processing and analysis, are pre-
sented to the reader. This allows the reader to understand how the study is con-
ducted, thereby strengthening the replicability. However, since the names of the
interviewees are not presented, there is a flaw in the transparency.

The data used during the course of research is gathered from a wide range of di↵erent
sources. The qualitative data is gathered from both the case company itself and
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from external parties. One flaw is that no purchasers outside the case company are
interviewed. However, both external cost engineering and supplier interviews are
held. The internal interviews are also complemented with an artefact review and a
quantitative analysis of sourcing data. Thus, the data should be considered to be
triangulated which strengthens the construct validity.

Internal Validity Internal validity is commonly referred to as the “casual rela-
tionships between variables and results” (Gibbert et al. 2008). It is strengthened if
researchers construct a structured and clear research framework, compare found em-
pirical patterns with expected outcomes (derived from either prediction or theory)
and use triangulation of data (Gibbert et al. 2008). In this study, the research is
built on a chronological four-step model. The study journeys from being exploratory
in sub-question I, confirmatory in sub-question II and again complementary in sub-
question III. Thereby, the causal relationships between variables and outcome are
ensured.

Since the study contains a literature review in which patterns are observed and recog-
nised, to later be empirically tested through interviews and quantitative analyses,
the outcomes of the research is continuously being matched against theories stated
by academia. This strengthens the internal validity of the thesis. Data triangulation
is also of central importance for the internal validity.

External Validity External validity refers to the generalisability of the results
and conclusions of the study (Gibbert et al. 2008). Typically, case studies do not
provide su�cient foundations for statistical generalisations based on the findings.
However, analytical generalisations can be drawn if several case studies have been
conducted, either in di↵erent contexts or several case studies on one object (Gibbert
et al. 2008). In this study, only one case study is conducted in a specific context.
Similar case studies on the same topic but in di↵erent context should be conducted
in order for broad analytical generalisations to be drawn. However, a clear rationale
for the case company selection is provided in Section 3.1.2 motivating the chosen
research approach.

Reliability The reliability, i.e. the transparency and replicability, is ensured,
as stated in the paragraph Construct Validity, by the presentation of interview
templates, artefact descriptions, data and analytical tools. As mentioned, the names
of the interviewees are kept undisclosed which decreases the transparency in the
research and thereby the reducing replicability.

3.3.2 Research Ethics

According to the Swedish Research Council (2017), there are eight requirements for
proper research conduct that have to be met in order for the research to be considered
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ethical. The requirements (in bold text), together with how they are addressed in
this study (in normal text), are presented in the enumeration below.

1. You shall tell the truth about your research Nothing but the truth is
told in this thesis as far as the researchers’ ability to interpret achieved results go.
No modification of data or responses from interviewees has been done.

2. You shall consciously review and report the basic premises of your
studies The thesis has been continuously reviewed by the researchers and the
supervisor at KTH Royal Institute of Technology. The research process and findings
have been reviewed during seminars and by the supervisor at the case company.

3. You shall openly account for your methods and results All methods
used, as well as all results achieved, are declared and presented at the best of the
researchers’ ability.

4. You shall openly account for your commercial interests and other asso-
ciations The study is and should be interpreted as a master thesis at KTH Royal
Institute of Technology within the field of Industrial Engineering and Management.
However, both researchers receive individual monetary compensation from the case
company.

5. You shall not make unauthorised use of the research results of others
All words, thoughts and reasoning of others that have been used during the course
of research are strictly cited in this thesis.

6. You shall keep your research organised, for example through docu-
mentation and filing All data received from the case company is saved in its
original and processed form. Moreover, all interviews have been summarised in ta-
bles together with date and times, all encountered artefacts are described in a table,
and all versions of the thesis are achieved.

7. You shall strive to conduct your research without doing harm to peo-
ple, animals or the environment The research is conducted without any hu-
man, animal or environmental experiments, thus no harm is done.

8. You shall be fair in your judgement of others’ research Research of
others is, at the best of the researchers’ ability, fairly judged and interpreted before
being included in the thesis.

Since the research is conducted in accordance with the eight requirements of proper
research conduct presented above, it can be stated that ethical considerations are
taken into account to a high extent.
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4 Results and Analysis

This section presents the results of the thesis’ three sub-questions. First, identi-
fied procurement attributes a↵ecting cost uncertainty are described, followed by how
these attributes impact cost uncertainty. Last, how cost engineering should be used
depending on negotiation premises is presented.

4.1 Identified Procurement Attributes

The result from sub-question I is a range of procurement attributes that a↵ect cost
uncertainty and thus cost engineering potential, with corresponding explanations
(see Table 18). The consolidated findings are derived from both theory (i.e. the
literature review, mainly Section 2.1.2) and empiricism (i.e. the interviews with
strategic purchasers and cost engineers).

Table 18: Procurement attributes a↵ecting cost uncertainty

Procurement attribute Description

Purchasing volume The quantity of which the purchased component is produced and
later purchased

Component complexity The complexity of the component in terms of manufacturability
and quality specifications

Supplier relationship How strong the level of trust and commitment is between the buyer
and the supplier

Overhead costs How much of the component cost that constitutes of overhead costs,
i.e. not direct costs for producing the component

Amount of shared data How transparent the supplier is regarding providing cost-related
data towards the buyer

Component heterogeneity How many di↵erent product families that are manufactured at the
supplier’s site

Product life cycle Which phase of the product life cycle the component currently is
located in

Allocated resources If a su�cient amount of internal resources is dedicated to cost
engineering activities

Country The industrial knowledge and maturity of the country where the
component is being manufactured

Supplier experience If the supplier is experienced in manufacturing the type of compo-
nent that is being purchased

Table 19 summarises the identified procurement attributes’ importance on cost un-
certainty and states whether they are derived from the literature or the interviews.
The level of importance is a qualitative weighted impression of the findings from lit-
erature as well as interviews ranked on a three-stage scale (low, medium, high).
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Table 19: Procurement attributes’ importance and source

Procurement attribute Importance Source

Purchasing volume Medium Empiricism
Component complexity Medium Empiricism & theory
Supplier relationship High Empiricism & theory
Overhead costs Low Empiricism & theory
Amount of shared data High Empiricism & theory
Component heterogeneity Low Empiricism & theory
Product life cycle High Empiricism & theory
Allocated resources High Empiricism & theory
Country Medium Empiricism
Supplier experience Medium Empiricism

Purchasing volume The interview responses from the strategic purchasers agreed
that they expect purchase volume changes to a↵ect the component price. Often,
when analysing purchasing prices they search for components where the purchas-
ing volumes have changed, but the price has not changed accordingly. Thus, this
has been chosen as the dependent variable in the regression analysis. However, the
cost engineer interviewees state that they for certain take purchasing volume into
consideration when estimating the cost of a component or project, but that the pur-
chasing volume does not a↵ect the accuracy of the estimate substantially, and thus
not the cost uncertainty either. Sometimes purchasing volume factors or indexes are
taken into consideration when comparing the cost of di↵erent projects, and a certain
increase in production e�ciency is expected with high purchasing volume.

Component complexity The literature states that product or component com-
plexity can cause di�culties in achieving accurate estimates. The cost engineers
state that a complex product or component can render a larger number of unknown
elements in the estimations which can a↵ect the accuracy. Strategic purchasers state
that a complex component will cause a more complicated manufacturing process.
However, it is a matter of transparency between the supplier and buyer regarding
cost drivers in production, rather than the component complexity itself, that causes
price uncertainty. Also, component complexity can cause problems in the manufac-
turing processes that were not expected beforehand. For instance scrapping rates
being higher than expected which in the end will add costs, thereby increasing cost
uncertainty.

Supplier relationship & Amount of shared data The importance of the
amount of shared data is emphasised by both theory and empiricism. Literature
states that there is a clear relation between sharing cost data and a company’s abil-
ity to manage and reduce costs. Purchasers claim that there is a di↵erence in how
detailed cost information di↵erent suppliers provide. Many suppliers only share the
quoted price, meanwhile some share a cost breakdown together with the price. It
is stated in the empirical findings that there exists uncertainty regarding costs in
both cases due to the fact that it is di�cult to validate the cost reported in the
cost breakdown. Cost engineers also stress the importance of a good supplier rela-
tionship and transparent information sharing. There is a convergence of opinions
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emphasising that supplier engagement early in the PLC reduces the number of un-
known elements in the cost estimates and substantially contributes to the accuracy.
There is a uniformity throughout all interviewees that a good supplier relationship,
and long-term partnerships, will lead to better control of costs.

Overhead costs & Component heterogeneity Overhead costs were identified
in the literature as one of the attributes causing uncertainty since there sometimes
are di�culties in allocating overhead costs to products in a fair manner. However,
neither purchasers nor cost engineers stated this as an important factor when con-
ducting cost estimates. A high component heterogeneity at a supplier increases the
level of overhead costs according to literature, thus causing price uncertainty. Both
in the interviews with purchasers and with cost engineers, it is stated that the het-
erogeneity itself does not contribute to uncertainty. However, if a supplier is used
to produce certain types of components, i.e. a focus on a certain product range, the
quoted price will more accurately mirror the real production costs.

Product life cycle It is identified that the amount of cost uncertainty varies
throughout the PLC. Cost engineers and several sources from the literature state
that the appropriate cost engineering techniques di↵er depending on the phase in
the PLC. Analogical and parametric approaches are more frequently used during the
early PLC phases, such as concept development and the design phase. At the later
PLC phases, more thorough analytical estimates are used. Purchasers state that
they, during early stages in the PLC use experience or quotations from suppliers as
a base for estimates. Throughout all interviews, as well as in the literature, it is
stated that the more novel a product or component is, the more cost uncertainty
exists. At the beginning of a PLC, several cost uncertainty elements are present,
such as design changes, choice of production methods and supplier experience. All
these together causes di�culties in estimating costs accurately.

Allocated resources Theory and empiricism emphasise allocated resources as
one of the most important factors a↵ecting the accuracy of cost estimates. This
attribute includes the number of required people, the budget, the time plan et
cetera. Cost engineers state that, in order to properly engage in cost engineering
activities, certain resources fully focused on this type of activities must be dedicated.
Also, the dedicated resources have to possess a certain level of know-how regarding
what drives costs in the manufacturing process of the analysed product. Purchasers
claim that if components are mispriced, it is often due to lack of dedication in cost
estimating the component.

Country & Supplier experience Theory does not identify the country in which
the component is being produced as an attribute a↵ecting cost uncertainty, but it
is emphasised in the empirical material. Strategic purchasers state that di↵erent
countries have di↵erent levels of industrial maturity, thereby producing components
in di↵erent ways. Hence, it can be di�cult to assess the cost of a component due
to regional factors. Cost engineers also stress the fact that for larger projects,
macroeconomic factors such as exchange rates and geopolitical situations contribute
to unknown cost elements.
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4.2 Identified Attributes’ Impact on Cost Uncertainty

In the following sub-section, the final regression model is presented together with
measures of fit, significance and �-coe�cients. The values of the coe�cients are
also interpreted in terms of how they a↵ect cost uncertainty.

4.2.1 Regression Model Presentation

The build-up of the regression model is presented in Table 20. Note that the final
model consists of nine explanatory independent variables and that the variables are
listed in the order that they are added into the model. The final value of R2 for the
model is 0.223, with the adjusted R

2 being somewhat lower at 0.215. Although the
predictive power of the model is low, the result is still considered to be useful since
the purpose of the model is not to achieve predictability of the dependent variable,
but rather to explain the impact of the independent variables.

Table 20: Multiple linear regression model fita

Added variable
b R R2

Adj. R2
Std. err.

MIN MAX VOL 0.292 0.085 0.084 0.989
SUP CHG 0.368 0.136 0.134 0.962
CC SPEND 0.402 0.162 0.159 0.948
PART COMP B 0.422 0.178 0.174 0.939
SUP LT 0.440 0.193 0.189 0.931
SUP CLASS PHO 0.454 0.206 0.201 0.924
SUP CLASS CP 0.462 0.214 0.208 0.920
AVG VOL G 0.467 0.218 0.211 0.918
PART COMP A 0.472 0.223 0.215 0.916

a. Dependent variable: LN PRICE VOL CV
b. No variables were removed

Table 21: Multiple linear regression model coe�cientsa

Variable � �std t Sig. VIF

MIN MAX VOL -2.046 -0.265 -8.831 0.000* 1.043
SUP CHG 0.198 0.168 5.355 0.000* 1.141
CC SPEND 0.000 -0.161 -5.042 0.000* 1.181
PART COMP B -0.411 -0.176 -5.622 0.000* 1.136
SUP LT 0.014 0.117 3.762 0.000* 1.126
SUP CLASS PHO -0.664 -0.109 -3.579 0.000* 1.075
SUP CLASS CP 0.260 0.094 3.123 0.002** 1.048
AVG VOL G -0.247 -0.068 -2.289 0.022** 1.030
PART COMP A -0.354 -0.068 -2.278 0.023** 1.047

a. Dependent variable: LN PRICE VOL CV
* Denotes significance at the ↵ = 0.001 level
** Denotes significance at the ↵ = 0.05 level
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In Table 21, the �-coe�cient for each variable included in the regression model is
presented together with a standardised version, denoted �std, to be able to compare
the coe�cients more easily. In order to address the adequacy of the model, the
variables’ t-values, significance and VIF-values are also included. Since the statistical
significance for all the �-coe�cients is less than the threshold of ↵ = 0.05, it can be
concluded that the coe�cients are significantly di↵erent from zero and thus should
be included in the model. Note also that six of the �-values are significant at the
0.001 level, further strengthening the significance of the model. The VIF-values for
the data set indicate that no severe multicollinearity exists. The final regression
model with unstandardised values of � is presented in Equation 3.

ln(PRICE VOL CV) =� 0.042� 2.046 · MIN MAX VOL+ 0.198 · SUP CHG

� 9.992 · 10�8 · CC SPEND� 0.411 · PART COMP B

+ 0.014 · SUP LT� 0.664 · SUP CLASS PHO

+ 0.260 · SUP CLASS CP� 0.247 · AVG VOL G

� 0.354 · PART COMP A

(3)

Further on, the results for the ANOVA test conducted on the regression data set is
presented in Table 22. The resulting significance value shows that the model has a
predictive power of the dependent variable.

Table 22: ANOVA of multiple linear regressiona

TSS d.f. µ2 F Sig.

Regression 216.428 9 24.048 28.665 0.000*
Residual 755.871 901 0.839
Total 972.299 910

a. Dependent variable: LN PRICE VOL CV
* Denotes significance at the ↵ = 0.001 level

4.2.2 Regression Coe�cient Interpretation

MIN MAX VOL Since this variable measures the di↵erence between the lowest and
highest yearly purchasing volume, a high value reflects that a component has either
reached or passed maturity in the PLC. Hence, the negative �std indicates that
a mature component tends to fluctuate less in price. The relatively high absolute
value of �std indicates high importance of this parameter. Thus, component maturity
results in low cost uncertainty.

SUP CHG This variable measures the number of unique suppliers a component has
experienced. Thereby, the positive �std indicates that components for which several
di↵erent suppliers have been used, tend to fluctuate more in price. The high absolute
value of �std indicates that this variable is of high importance. This implies that
supplier changes cause cost uncertainty.
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CC SPEND The level of spending at a supplier is measured by this variable. The
negative �std indicates that a large financial spend from the case company at a
supplier tends to make the component prices fluctuate less. The magnitude of the
�std implies that the variable is of medium importance. Hence, a high buyer-supplier
commitment tends to reduce cost uncertainty, but it is not a major factor.

PART COMP A & PART COMP B These categorical variables reflect the complexity of
the component, and as they are dummy variables they should be interpreted in re-
lation with their reference class, i.e. complexity C. The negative �std of PART COMP B
indicates that components with complexity class B, contribute to lower price fluc-
tuations than the reference class. Analogically, the negative �std of PART COMP A
indicates that components with complexity class A also contribute to lower price
fluctuations than the reference class.

SUP LT This variable measures the average lead time of the suppliers a certain
component is procured from. The positive �std indicates that components procured
from suppliers with long lead times tend to fluctuate more in price. Long lead
times could, for instance, reflect complex manufacturing, complex logistics or a weak
supplier relationship. These aspects could thereby cause high cost uncertainty.

SUP CLASS PHO & SUP CLASS CP These categorical variables classify the relationship
between the supplier and the case company. The negative �std of SUP CLASS CP
indicates that components that are produced at a supplier being phased out (i.e. an
unwanted supplier) tend to fluctuate less in price compared to the reference variable
PP (i.e. a preferred partner). Likewise, the positive �std of SUP CLASS CP indicates
that components that are produced at a competitive supplier (i.e. a good supplier)
tend to fluctuate more in price compared to the reference variable.

AVG VOL G This variable computes the average yearly purchasing volume growth.
The negative �std indicates that a high purchasing volume growth of a component
cause the price to fluctuate less. It can therefore be concluded that for a component
that has a positive purchasing volume growth, i.e. approaching maturity, the cost
uncertainty will decrease.

4.3 Cost Engineering Usage Areas

The final sub-section presents the results from the interviews, followed by a presenta-
tion of the statistical analysis of negotiation premises’ e↵ect on price changes.

4.3.1 Professionals’ Opinion on Cost Engineering Usage

The findings from the four groups of interviewees in sub-question III are presented
below, one group in each paragraph. The interview responses orbit around three
areas: sharing cost data, joint cost cut initiatives and negotiations.

Cost engineers The cost engineers emphasise that sharing cost data is vital to
conduct accurate estimates, facilitate cost management and thereby reduce cost

44



uncertainty. They also stress the need for supplier engagement early in the PLC.
By receiving early feedback on the design, construction and material choices from
suppliers with production knowledge, the products can be optimised from a cost
point of view. Further on, the supplier relationship a↵ects the willingness to share
data and the suppliers’ experience of manufacturing products similar to the ones
estimated a↵ects the quality of the cost breakdowns. The interviewed cost engineers
do not generally have any experience from direct supplier negotiations. However,
the mentioned negotiation strategies are mostly of conventional nature, such as
aggressive bargaining. One suggested way to use estimates in supplier dialogues is to
ask the suppliers for their own cost calculations and then compare the estimates line
by line in order to understand where the calculations deviate from each other.

Strategic purchasers The strategic purchasers state that one large benefit of cost
data sharing is the knowledge of what a↵ects the final purchasing price. An increased
amount of cost data sharing would increase the knowledge regarding production
processes, thereby improving the mutual understanding of the production situation.
It would also increase the understanding of the suppliers’ manufacturing capabilities
and thus act as an important indicator when choosing an appropriate supplier. In a
negotiation situation, strategic purchasers prefer to use cost estimates as a tool to
benchmark the suppliers’ cost breakdowns. The suggested approach is to compare
the two estimates line by line and question the supplier on costs that deviate.

Small-sized suppliers The smaller suppliers state that they are open to dia-
logues regarding product design as a way of reducing production cost. For instance
loosening geometrical tolerances of a component is a common way to reduce produc-
tion costs. However, the small-sized suppliers state that they rarely discuss optimal
production methods or processes with their customers. The production technique
is rather considered as the suppliers’ own intellectual property. Hence, they are un-
willing to share data, thus di↵erentiating themselves from the large-sized suppliers.
They motivate their repugnance towards cost data sharing by stating that they want
to protect their know-how and that sharing cost data would lead to them loosening
their negotiation power.

Large-sized suppliers The larger suppliers state that they rarely are involved
in specific discussions regarding their own production techniques. However, due to
their cost data sharing with the customers, they usually receive feedback on how
competitive their prices for certain operations are compared to competing firms.
They use this as a tool to analyse their own practices. The large-sized suppliers are
open towards sharing cost data regardless of the supplier relationship. This is an
e↵ect from having delivered products to the automotive industry over time, in which
many companies demand OBA. The large suppliers have, after years of working with
this method, realised that it saves time during negotiations, helps them to reduce
costs and to remove unnecessary production processes. When sharing cost data,
the buyers have accepted certain profit margins and will not question these. If
negotiations take place, the suppliers use delivery precision and quality assurance
as main arguments for charging higher prices.
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4.3.2 Price Change Depending on Negotiation Premises

A statistical comparison of di↵erent negotiation settings and their e↵ect on purchase
prices is presented below. The results from the Welch-ANOVA test, where the null
hypothesis is that all means are equal for the di↵erent sub-groups, are presented in
Table 23. It can be concluded with statistical significance at the ↵ = 0.001 level
that the means for the sub-groups are not equal. Thus, the di↵erent negotiation
premises have various e↵ect on price changes. The Welch-ANOVA test is followed
by a Games-Howell post-hoc test to illustrate which sub-groups that di↵er from
each other. Results of the post-hoc test are shown in Table 24 on the following
page.

Table 23: Robust tests of equality of means for variable PRICE DIFF

Statistic
a

d.f. 1 d.f. 2 Sig.

Welch 52.622 5 198 0.000*

a. Asymptotically F-distributed
* Denotes significance at the ↵ = 0.001 level

In the results from the Games-Howell test (see Table 24) and the means plot (see
Figure 15), it can be seen that some groups’ mean deviates from the rest. The mean
of PRICE DIFF for FCCH and RDES indicate that a forecast decrease, respectively a
redesign, generally causes price increases. There is also a clear indication that a
forecast increase, displayed by the variable FCCI, generally causes a price decrease.
Since the mean for CSUP is significantly di↵erent from the price changes in the SSUP
variable, and less than 0, it can be stated, with statistical significance, that changing
supplier generally causes a price decrease while staying with the same supplier barely
a↵ects the price at all. The variable TRSF do not show any statistically significant
di↵erence from any other group than FCCI. As the mean of TRSF is close to 0, it can
be stated that a transfer does generally not a↵ect the part price.

Figure 15: Means of PRICE DIFF sub-groups
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Table 24: Comparisons of mean di↵erences between groups in PRICE DIFF

Categories µ di↵. Std. err. Sig. Lower
a

Upper
b

CSUP FCCH -0.288 0.042 0.000** -0.408 -0.168
FCCI 0.324 0.037 0.000** 0.216 0.432
RDES -0.218 0.027 0.000** -0.294 -0.141
SSUP -0.087 0.021 0.001* -0.147 -0.027
TRSF -0.106 0.058 0.464 -0.280 0.068

FCCH CSUP 0.288 0.042 0.000** 0.168 0.408
FCCI 0.613 0.049 0.000** 0.472 0.753
RDES 0.071 0.041 0.518 -0.048 0.189
SSUP 0.201 0.038 0.000** 0.093 0.310
TRSF 0.182 0.066 0.077 -0.012 0.376

FCCI CSUP -0.324 0.037 0.000** -0.432 -0.216
FCCH -0.613 0.049 0.000** -0.753 -0.472
RDES -0.542 0.037 0.000** -0.648 -0.435
SSUP -0.411 0.033 0.000** -0.507 -0.316
TRSF -0.430 0.064 0.000** -0.617 -0.243

RDES CSUP 0.218 0.027 0.000** 0.141 0.294
FCCH -0.071 0.041 0.518 -0.189 0.048
FCCI 0.542 0.037 0.000** 0.435 0.648
SSUP 0.131 0.020 0.000** 0.073 0.188
TRSF 0.111 0.058 0.402 -0.061 0.284

SSUP CSUP 0.087 0.021 0.001* 0.027 0.147
FCCH -0.201 0.038 0.000** -0.310 -0.093
FCCI 0.411 0.033 0.000** 0.316 0.507
RDES -0.131 0.020 0.000** -0.188 -0.073
TRSF -0.019 0.055 0.999 -0.186 0.148

TRSF CSUP 0.106 0.058 0.464 -0.068 0.280
FCCH -0.182 0.066 0.077 -0.376 0.012
FCCI 0.430 0.064 0.000** 0.243 0.617
RDES -0.111 0.058 0.402 -0.284 0.061
SSUP 0.019 0.055 0.999 -0.148 0.186

a. Lower bound for the 95% confidence interval
b. Upper bound for the 95% confidence interval
* Denotes significance at the ↵ = 0.05 level
** Denotes significance at the ↵ = 0.001 level
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5 Discussion

In the following section, the method and its limitations are reflected upon. Further
on, a framework for cost engineering usage within industrial sourcing is presented.
This is followed by a discussion of the findings and the framework in relation to
extant literature. Finally, the sustainability aspect of the research is discussed.

5.1 Reflections on Method and Limitations

The empiric material gathered for first sub-question is mainly from interviews with
purchasers and cost engineers. The cost engineer interviewees are from di↵erent
companies and industries, allowing a broad view and several angles to be explored.
One flaw with this approach is that not all interviewed cost engineers have any
experience of component purchasing, but rather cost engineering activities on a
project level. Traditionally, cost engineering is focused on project cost management,
therefore finding expertise within sourcing specifically is di�cult. However, analogies
can be drawn from traditional cost engineering to sourcing activities.

The interviewed purchasers are exclusively employees at the case company which
strengthens the internal validity of the study but limits the heterogeneity of the
findings. However, the narrow focus enables an in-depth study of a company being
novel to the usage of cost engineering within sourcing. This facilitates the identi-
fication of attributes driving cost uncertainty, areas on which cost engineering can
be applied. A semi-structured interview approach is chosen as sub-question I is of
exploratory character and this interview type allows the interviewees to elaborate
on the subject, thus more aspects on the topics are discovered.

In the second sub-question, the choice of making a regression analysis on purchasing
data gathered from the ERP system allows an assessment of attributes that impact
the cost uncertainty. The dependent variable PRICE VOL CV is considered to mirror
cost uncertainty by measuring price fluctuations in relation to purchasing volume
fluctuations. As one can see in Figure 16, PRICE CV is the main driver of the de-
pendent variable, i.e. high fluctuations in the price cause PRICE VOL CV to increase.
One can also detect that VOL CV causes the surface to rotate and for high values of
the variable, PRICE VOL CV is lower. This is a desired behaviour of the dependent
variable since it aims to identify items which have fluctuated in price without a
corresponding fluctuation in purchasing volume.

The most interesting items are marked with yellow in the graph. These are items for
which the price has fluctuated with the purchasing volume being almost constant.
These should be considered as items with high price uncertainty, thus motivating the
choice of PRICE VOL CV as the dependent variable in the regression. Even though
the chosen measure on cost uncertainty is proven to be functional in the regression
analysis, there are potentially other measures of cost engineering value. For instance,
measures during the product development phase such as whether products meet
target cost or the accuracy of initial estimates.
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Figure 16: Surface plot of PRICE VOL CV as a function of PRICE CV and VOL CV

Some of the variables included in the regression model could also be somewhat mis-
leading. Since the variable PART COMP is computed manually by assessing drawings
there is an element of human error. Due to a limited amount of time, each part is
not analysed in depth, rather heuristics derived from the case company’s internal
complexity classification system are applied. Also, the complexity classification sys-
tem does not objectively classify according to manufacturing di�culty. It instead
takes the case company’s core capabilities and how important the product is from a
strategic perspective into consideration. This implies that even though a part might
not be di�cult to manufacture, it can still be of class A since it is considered to
match the company’s core capabilities and is quality-critical.

Regarding the second statistical analysis in the study, the main assumptions of
the ANOVA test include equal variances and normally distributed data. Since the
variances are not equal, proved by the Levene’s test, a Welch-ANOVA, which is
of more robust character than an ordinary ANOVA, is conducted. As mentioned
in Section 3.2.4, the Q-Q plots indicate that the data is not perfectly normally
distributed, but su�cient according to the Z-scores. However, the normality can be
more thoroughly investigated by analytical normality tests such as the Shapiro-Wilk
or the Kolmogorov-Smirnov test (Ghasemi & Zahediasl 2012).

The interpretation of PRICE CODE is partly subjective as it is based on the re-
searchers’ interpretation of the codes in combination with what is stated by di↵erent
purchasers at the case company. This is conducted as no general guidelines for the
usage are available. Since this variable is manually entered in the ERP system there
are some issues. For instance, the price change code RDES, indicating that the price
change is caused by a redesign, is only used by purchasers if the design change initia-
tive is taken by the R&D department. These types of changes are often not related
to any cost saving initiatives but are rather pure product improvements. Hence,
design changes that are conducted in order to reduce costs are not included in RDES.
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Also, TRSF is generally used to describe if a component is moved from one internal
production plant to another. The reason why the code is included in the sourcing
data is that the component has been insourced after being outsourced. Therefore,
TRSF should not be interpreted as an indication of any sourcing causalities.

5.2 Cost Engineering Strategy for Industrial Sourcing

A strategic framework for cost engineering usage within industrial sourcing is pre-
sented in Figure 17 on page 54. The framework is divided into five phases based on
a conventional PLC and focuses on five areas. The first area includes an analysis
of which cost engineering techniques that are appropriate for each PLC phase. The
second area consists of a suggestion on which departments should be responsible
and the third what data requirements there are. Also, suggestions on which items
that should be in focus for the cost engineering activities are presented, followed by
a strategic suggestion for the handling of focus items in each PLC phase.

Concept Development The literature states that one should resort to analogical
and parametric cost engineering techniques during the concept development. This
is confirmed by the interviews with cost engineers. At this early stage of the PLC,
access to supplier data is not of central importance as this is not required by the rec-
ommended cost engineering techniques. Rather, historic cost data with component
attributes and data of the proposed concept is required. This enables comparisons
between design concept features and historically detected cost drivers.

The main goal with cost engineering activities in this stage is to raise the cost
awareness among the Research and Development (R&D) sta↵. The recommended
cost engineering techniques enable incorporation of cost awareness in the concept
development phase. It is stated in the literature that as much as 85% of the product
cost is created during product design, costs that can be decreased by applying
cost analyses early. Cost reduction e↵orts in this stage should be focused on the
components or product features where the cost impact will be high, i.e. components
that will substantially contribute to the companies’ cost of goods sold. This is
emphasised throughout the interviews with the cost engineers.

Design In the second phase of the PLC, the analytical cost engineering techniques
become feasible, although parametric and analogical models are still useful. It is
recommended to let the R&D function be responsible for this stage as it rather is a
matter of pure design improvements than supplier dialogues. Although to validate
if the proposed production methods are feasible, the sourcing personnel can be
involved. In addition to the data needed in the concept development phase, a CAD
model, cost data and a production simulator are now required. It is stated in the
cost engineering interviews that applying target costing, i.e. making the R&D sta↵
work against a fixed cost target for a product or certain components, is a common
method for cost management in the design phase.
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The main cost engineering goal during the design phase is to avoid the unnecessary
costs that are incurred in this phase. This can be done by using analytical tools to
understand what drives costs already in the design stage. This phase is characterised
by high cost uncertainty, which correlates with the low amount of data available.
From interviews, it can be seen that complexity causing certain special needs am-
plifies the cost uncertainty. This is also be confirmed by the variable SUP LT (see
Section 4.2.1), which indicates that items with a long manufacturing throughput
time generally have higher cost uncertainty. The empirical findings also recommend
focussing on items with high cost impact.

Transition to Serial Production In this phase of the PLC, the literature mainly
recommends analytical and parametric cost engineering techniques, but also analog-
ical methods to some extent. This phase requires large involvement from suppliers
and the sourcing department itself. The suppliers have to share detailed cost data,
including cost rates, machinery information, planned processes et cetera. This infor-
mation will be retrieved when the sourcing department sends requests for quotations
to suppliers, which should include requests for cost breakdowns.

Sequentially, the sourcing department will benchmark the received cost breakdowns
to each other and conduct an own estimate as a reference, utilising a CAD model
of the component and received supplier data. Cost dialogues will be initiated with
suppliers having the most interesting quotations. These dialogues aim to identify
cost drivers and remove unnecessary processes. In order to fully take advantage of
this, transparency is needed from both parties. It is also emphasised in interviews
with cost engineers and suppliers that the data exchange should be beneficial for
both parties. Suppliers can, for instance, be allowed to keep a share of a cost-saving
and be provided with feedback on certain processes.

According to the findings from sub-question II (see Section 4.2.1), a weak supplier
relationship (measured by CC SPEND and SUP CHG) increases the uncertainty. Thus,
a strong supplier relationship is necessary to avoid cost uncertainty, which is aligned
with the interview findings of a need for transparency between buyer and supplier.
The transition phase in the PLC should be considered as one of the most impor-
tant steps for the sourcing cost engineering activities. The variable SUP CLASS CP
(see Section 4.2.1) indicates that a supplier that is considered to be competitive
generally contribute to cost uncertainty. This could be explained by the fact that
these suppliers generally receive a larger amount of new components, for which cost
engineering activities is required.

Growth In the growth phase, analytical cost engineering tools should be utilised
but they can also be complemented with parametric models. The sourcing de-
partment, in collaboration with the suppliers, will possess ownership of the cost
engineering processes. The data requirements are the same as for the transition
phase. During the growth phase of the PLC, there will be a certain amount of cost
uncertainty associated with the component. The aforementioned measure on pur-
chase volume increase FCCI (see Section 4.3.2) shows that a price decrease should
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be expected with a purchase volume increase, which also is confirmed by interviews.
In order to ensure that the value of the purchasing volume growth is captured, it is
of uttermost importance to apply a proper tracking technique for detecting cost de-
viant parts where the price does not change according to expectations. One should
expect the purchasing prices to stabilise as the purchasing volumes grow, this is
shown by AVG VOL G (see Section 4.2.1).

Also, it is shown that supplier changes (SUP CHG) and redesign activities (RDES)
are additional attributes causing uncertainty (see Section 4.2.1 and Section 4.3.2).
Thus, cost engineering activities should be focused on components experiencing this
during the growth phase. In order to properly apply cost engineering techniques
during this PLC phase, continued access to cost data is needed. Thereby, e↵orts
should be made to have ongoing data transparency between supplier and buyer in
order to facilitate the cost engineering activities. By analysing the cost in-depth,
joint cost cut initiatives can be initiated between buyer and supplier. It is stated
in the interviews that the cost data sharing have to be mutually beneficial for both
parties. Thereby the buyer should allow the supplier to receive a share of cost
savings made. Also, feedback regarding the cost level of the suppliers’ processes can
be a way of making transparency mutually beneficial.

Maturity During the final phase of the PLC an analytical cost engineering ap-
proach is recommended supported by parametric methods. As in the earlier two
phases, sourcing personnel and suppliers are the two main functions involved. Also,
the required data is the same as in the growth phase and the transition to serial
production. However, the cost reduction strategy for this phase di↵ers from the ear-
lier. As the component or product reaches maturity, the price will stabilise and cost
uncertainty will be low, shown by MIN MAX VOL (see Section 4.2.1). If purchasing
volumes start to decrease it is proven that the prices significantly increase, measured
by category FCCH (see Section 4.3.2).

To address this issue, expected cost increases have to be verified and handled. This
can sometimes be di�cult as prices often are negotiated in groups, and price in-
creases thus can be hidden according to purchaser interviews. To mitigate this, the
transparency initiated earlier in the PLC should be continued and joint cost cut
initiatives are necessary in order to counteract price increases. If action is taken to
change supplier, one should be aware that it increases cost uncertainty according to
SUP CHG (see Section 4.2.1). Therefore, existing relationships should be capitalised
unless there are evident reasons to change supplier. If the supplier is changed, cost
engineering techniques should be applied to verify the new component prices.
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Figure 17: Strategic framework for cost engineering within sourcing



5.3 Findings in Relation to Extant Literature

In the following text, reflections on the results from the three di↵erent sub-questions
and the framework are set in relation to extant literature.

5.3.1 Procurement Attributes’ Impact on Cost Uncertainty

As more complex components require more sophisticated cost engineering methods
(Layer et al. 2002), the cost uncertainty is expected to be higher for more complex
items. This is validated by the cost engineers and the purchasers. However, the
variables PART COMP A and PART COMP B in the regression analysis indicate that a
component of complexity A, i.e. a quality-critical component, has a lower level of
cost uncertainty than a product of complexity C. This contradicts theory as well as
the interviews and is probably a result from the classification system used at the
case company which reflects what components that are quality-critical and should
be produced in-house rather than what components that possess a high level of
manufacturing complexity.

Roy et al. (2011), Layer et al. (2002) and Niazi et al. (2006) all emphasise the need
for data of products and processes to conduct proper cost engineering and hence
decrease cost uncertainty. There are today quick and inexpensive ways to share
data (Cachon & Fisher 2000, Lotfi et al. 2013), and there is an evident relationship
between sharing information and reducing costs (Fawcett et al. 2007). This need
to share data to reap the benefits of cost engineering is confirmed by the interview
responses from the cost engineers. But, Khurana et al. (2011) state that there are
several barriers to information sharing within the manufacturing industry which is
confirmed by small-sized suppliers who do not want to disclose their data.

However, larger suppliers, especially those being experienced in delivering to the
automotive industry, deny the barriers to information sharing described by Khurana
et al. (2011) and rather refer to the usage of OBA as described by Agndal & Nilsson
(2010) with their customers. Kwon & Suh (2004) and Zhao et al. (2008) state that
the level of trust and commitment between the buyer and supplier is crucial to enable
a more transparent relation. The regression analysis confirms this as the variables
SUP CHG, CC SPEND and SUP LT indicate that a low number of supplier changes, high
supplier-specific spend and short lead times, three attributes measuring the buyer-
supplier relationship, decrease cost uncertainty.

When conducting cost engineering, overhead expenses have to be taken into account
(Watson et al. 2006, Roy et al. 2011), which predominately has been done by using
the direct labour of a product (Fry et al. 1994). This approach has been questioned
by Cooper & Kaplan (1988), Banker et al. (1995) and Snyder & Davenport (1997) as
it may allocate costs in a faulty manner. The di�culties in allocating overhead costs
imply that accurate cost engineering is di�cult when overhead costs are high. But
the cost engineers do not regard this as a problem of any larger magnitude. Neither,
the statement of Anderson (1995) that component heterogeneity is driving overhead
costs, and thereby a↵ecting cost uncertainty, is recognised as a critical uncertainty
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factor by the interviewees. However, it is stated that a supplier that is experienced
and focused on a certain type of product gives more accurate quotations and cost
estimates.

Roy (2003) emphasises the need early for cost estimates as up to 85% of the product
cost is committed in the initial phases. This is amplified by the interviews with cost
engineers stating that the cost uncertainty is highest in the early stages of the PLC.
Also, cost engineering during the early stages makes it possible to avoid built-in cost
drivers (Watson et al. 2006). The variable MIN MAX VOL in the regression analysis
shows that if a component has reached or passed maturity in the PLC, the cost
uncertainty decreases, ergo confirming the findings from the interviews and Roy
(2003). Also, the need for di↵erent cost engineering techniques during di↵erent
phases of the PLC, as stated by NATO (2007), NASA (2015) and Roy et al. (2011),
is confirmed by the cost engineers.

During the interviews, purchasing volume, supplier experience and country are also
identified as procurement attributes. These lack a theoretical foundation in the
literature and are thus di�cult to set in relation to this. However, Argote & Epple
(1990) elaborates on the phenomenon of learning curves, i.e. e�ciency improvements
attributed to a learning e↵ect. This is confirmed by the variable AVG VOL G in the
regression analysis which shows that a purchasing volume increase is decreasing cost
uncertainty. Lastly, NASA (2015) identifies resource allocation as a critical element
when conduction cost engineering. This is reinforced by several of the cost engineer
interviewees which state that a su�cient level of allocated resources is fundamental
to conduct cost engineering with a decent level of accuracy.

5.3.2 Traditional Sourcing Strategies and Negotiations

The suggested framework provided in Section 5.2 presents cost engineering strate-
gies for di↵erent phases of the PLC. In traditional purchasing portfolio management,
such as the work of Kraljic (1983), Gelderman & Van Weele (2003) and Montgomery
et al. (2018), an analysis of the PLC phases is absent. Thus, the framework presented
in this thesis cannot directly be incorporated into traditional sourcing strategy prac-
tices. However, the classification of items into bottleneck, leverage, strategic and
non-critical is of interest when analysing cost engineering potential.

Since the accuracy and usefulness of the cost estimates are highly dependent on the
quality of the underlying data, the purchasing characteristics of an item are crucial.
For instance, an item of the leverage class, for which the buyer possesses strong
purchasing power, likely facilitates cost engineering activities since the likelihood
for cost data sharing is higher. Also, strategic partnerships involving good buyer-
supplier relationships should facilitate inter-organisational discussions regarding cost
management. Cost engineering activities from the purchasers’ side should improve
the understanding of cost elements for the items purchased, which could support
cost discussions with the strategic supplier. Non-critical items should probably not
be the main focus of cost engineering since the commodity nature of these causes
low price uncertainty.
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Regarding the movement between item categories, such as described by Gelderman
& Van Weele (2003), cost engineering should be a useful tool for identifying potential
savings. For instance, bottleneck items often require design changes e↵orts in order
to be moved. By estimating a “should cost” for bottleneck components, one can
detect existing deviations in pricing and thereby analyse the potential gains of mak-
ing e↵orts to move the items to another portfolio category. The criticism towards
the portfolio management strategies, such as the work of Montgomery et al. (2018)
and Cox (2001), mainly focus on the qualitative and simple nature of the model.
Cost engineering provides a more robust way of analysing part prices, thereby de-
tecting situations where the suppliers exploit their favourable position. Thus, cost
engineering techniques enable a quantitative approach for analysing the purchased
assortment of items.

Extant theory regarding cost data sharing emphasise the importance of the inter-
acting firms’ dependencies between each other as the main catalyst of cost data
sharing (Agndal & Nilsson 2010, Möller et al. 2011, Kulmala 2004). This implies
that cost estimates are most e↵ective on suppliers for which the financial spend is
high since this setting improves data accessibility. However, the findings in this
study show that items for which the buyer-supplier commitment is high generally
have low cost uncertainty. Thus, the cost engineering focus should not be reduced
to partnership suppliers. However, in order to increase the accuracy of the cost
estimates, thereby reducing cost uncertainty, a firm shall strive to engage in strong
supplier relationships.

In order to achieve a good supplier relationship, e↵orts have to be made from both
buyer and supplier according to McIvor (2001). In the proposed framework (see
Section 5.2), the need for mutually beneficial cost data sharing is emphasised. In
order to bridge the barrier between the firms, each party must be given a reason not
to suspect opportunistic behaviour from the other, the cost sharing cannot simply
be seen as a control mechanism by the purchasing party (Windolph & Möller 2012).
Thus, the suppliers have to receive something in exchange for the shared cost data.
If the awareness of cost drivers exist in both firms, made possible by cost engineering
activities at the purchasing firm, joint e↵orts for reducing costs are made possible.
In most situations, the buyer should not strive to simply “cut the margin” at the
supplier, the cost awareness should instead be used to give feedback on the supplier’s
production costs and engage in collaborative cost cut initiatives.

Regarding pricing dynamics, traditional economic theories mainly emphasise the
supplier market as well as the strategic and monetary importance of the goods
purchased, such as described by Monczka et al. (2015) and Van Weele (2010). These
theories imply that when the supplier is in a favourable position, i.e. possess certain
technology which enables monopolistic market behaviour or acting opportunistic due
to being alone in producing critical items for a customer, the prices can be decoupled
from the production costs. If the opposite environment is present, a strong buyer
can exploit the supplier and cause prices to mirror the production costs.

The findings in this study do not indicate that cost engineering, or analytical cost
estimates, can break market dynamics. However, cost engineering enables an in-
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creased understanding of production costs at the purchasing firm, which facilitates
the identifications of items that are overpriced or do not follow expected cost reduc-
tions related to increased production volumes, i.e. learning curves (Argote & Epple
1990). Thereby, cost engineering could serve as a tool for mitigating opportunistic
behaviour from the supplier. As earlier described, cost awareness at the purchasing
firm will increase the understanding of what drives costs of procured components
as well as facilitate inter-organisational discussions regarding costs. When engaging
in detailed cost discussions, both parties can analyse the total cost structure thor-
oughly, which is aligned with the TCO concept presented by Van Weele (2010).

The final price settlement between buyer and supplier are, if the goods exchanged
are not commodities, preceded by negotiations. Traditionally, negotiation strategies
are divided into aggressive bargaining and problem solving approaches, as described
by Perdue & Summers (1991). In this study, it is identified that cost estimates could
serve as both a benchmarking tool as well as a pedagogical tool for cost discussions.
This can be applied analogously to di↵erent negotiation strategies. Detailed cost
discussions, where both parties are aware of the cost drivers, should facilitate the
problem solving approach. However, it is stated in both literature (Zachariassen
2008) and by empiricism, that problem solving is best used in close buyer-supplier
relationships. In aggressive bargaining, cost estimates could serve the role as the
reservation price for the buyer. By being aware of what a certain component should
cost, more thorough preparation can be conducted before engaging in negotiations,
which according to theory could hinder purchasers to settle at a wrong price level
(Krause et al. 2006).

5.4 Discussion on Sustainability

The findings can still be related to certain measures of sustainability even though
this is not the main focus of this thesis. The United Nations has issued 17 goals for
sustainable development in order to form a better and more sustainable future (UN
2015). The study provides insights regarding business and operational management
in a highly developed industrial context, thus the research can be related to two of
the sustainability goals with a more industrial focus, namely goal eight: Decent work
and economic growth, and goal nine: Industry, innovation and infrastructure.

In relation to goal eight, the study provides insights regarding e�ciency in supply
chains which in the long run may lead to increased economic growth. Cost engineer-
ing also increases the cost awareness and the understanding of cost drivers, leading to
a more fair pricing environment between buyers and suppliers where costs are made
visible to a higher extent. From this, a more sustainable way of conducting business
throughout the supply chain could be implemented and the risk of inhuman work-
ing conditions could decrease. Also, the demand for cost savings throughout history
has made firms innovate and industrialise. Cost engineering, with its techniques and
principles, aids in avoiding unnecessary costs. Thus, the journey of industrialisation
and fostered innovation is continued and cost engineering provides a toolset for cost
e�cient and sustainable production, thereby contributing to goal nine.
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6 Conclusion

In this section, the answers to the research questions are presented. This is followed
by a statement of the academic contribution as well as a reflection upon the manage-
rial implications of the findings. Finally, the limitations of the study are discussed
and a suggestion for further research is provided.

6.1 Answer to Research Questions

To address what a↵ects cost uncertainty and to link contemporary cost engineering
practices to traditional sourcing management strategies, as described in the prob-
lematisation, the objective of the thesis is to provide a strategic framework for the
usage of cost engineering within industrial sourcing. To be able to achieve this, the
below research question is formulated and then divided into three sub-questions.
Together, the answers of the sub-questions, form a final answer to the main research
question: How should cost engineering be used within industrial sourcing?

I. What procurement attributes a↵ect cost variation?

By assessing extant literature and conducting interviews with professionals, ten
procurement attributes potentially a↵ecting cost variation are identified. These are
Purchasing volume, Component complexity, Supplier relationship, Overhead costs,
Amount of shared data, Component heterogeneity, Product life cycle, Allocated
resources, Country, and Supplier experience.

II. How are the identified procurement attributes related to cost variation?

By statistically assessing the impact of the attributes identified in sub-question I on
a measure of cost uncertainty, specific attributes can be isolated as the main drivers
of cost uncertainty. Purchasing volume growth, PLC and supplier relationship are
identified as the main areas contributing to cost uncertainty. Regarding purchasing
volume, it is shown by the variables MIN MAX VOL and AVG VOL G that price fluctu-
ations will stabilise and cost uncertainty will be reduced as a component reaches
maturity in the PLC.

On the opposite side, an arm’s length supplier relationship causes the cost un-
certainty to increase. This is shown by the variables SUP CHG and CC SPEND. A
component that experiences a large number of supplier changes will fluctuate more
in price, thus possess a high amount of cost uncertainty. Also, items which are
placed at suppliers for which the value of the total a↵air is low will fluctuate more
in price. The importance of strong supplier relationships for reducing cost uncer-
tainty is also confirmed by SUP LT, showing that long lead times cause higher cost
uncertainty.

III. How should cost engineering be used depending on negotiation premises?

It can be concluded that in the current state of the case company, prices are typi-
cally negotiated and altered based on purchasing volume, design or supplier changes.
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The conclusion that cost estimates should be used as a tool for increasing the
inter-organisational understanding of cost drivers can be drawn from the interviews.
Thus, cost engineering should be used to validate the impact of purchasing volume
changes, understanding the cost implications of design changes and to gain insights
on whether it is worthwhile to continue a supplier relationship or move the item to
a di↵erent supplier.

RQ. How should cost engineering be used within industrial sourcing?

The PLC is used to discriminate the cost engineering strategies, giving a recommen-
dation of appropriate focus and strategies in each phase. Starting with the concept
development, the cost engineering strategy should be focused on making cost ra-
tional choices when forming a technical concept. The organisation should focus on
the components which are expected to have a high future cost impact. During the
design phase, the fine-tuning of the component design should be done by utilising
analytical cost engineering techniques to detect component features that drive costs.
The organisation should work against cost targets and strive to assess the manufac-
turability as early as possible. The focus on components with a high expected cost
impact should continue to be in focus.

When transitioning to serial production, the focus should be on weak supplier rela-
tionships where quotations should be benchmarked and cost dialogues initiated to
detect internal and external cost drivers. During the growth phase, cost engineer-
ing should focus on items with increasing purchasing volume, supplier changes and
redesigns. Expected cost reductions should be monitored, joint cost cut initiatives
continued and cost deviance tracked. When components reach maturity, items with
decreasing purchasing volume and items being subject to supplier changes or re-
designs should be kept in focus. The expected cost increases should be verified and
cost transparency, as well as joint cost cut initiatives, should be continued.

6.2 Contribution and Implications

The following part presents the contributions of the research. First, the academic
contribution is addressed followed by a description of the managerial implications.

6.2.1 Academic Contribution

As described in the problematisation section of the thesis (see Section 1.3), cost en-
gineering as a research area is well researched regarding available techniques, their
strengths and weaknesses and when they should be used. However, the link between
the cost engineering techniques and their applications on sourcing activities is not
studied thoroughly. This thesis provides an investigation of which procurement at-
tributes that cause cost uncertainty on sourced items. This analysis is complemented
by a qualitative gathering of empirical material from professionals within cost en-
gineering, sourcing operations and industrial sales. The final consolidated findings
consist of a strategic framework for cost engineering usage within sourcing.
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6.2.2 Managerial Implications

The strategic framework serves as a decision model for allocation of cost engineering
resources, which functions that should be involved and what data that is necessary.
Since focus items are presented together with suggested actions for how cost engi-
neering should be used, industrial management can gain understanding on how cost
engineering should be incorporated into sourcing strategies, what actions that have
to be taken in order to succeed with cost engineering initiatives and on what type
of procured items e↵orts should be focused.

6.3 Limitations and Further Research

Since the study is conducted as a case study on a single object, there are certain
limitations associated. As discussed in Section 3.3.1, a single case study is not
enough to draw analytical generalisations. However, the choice to conduct a single
case study allows an in-depth analysis of the phenomenon of interest. The method-
specific limitation is discussed in Section 5.1. The suggestions for further research
consists of the following two main parts.

• Academia should conduct case studies of similar character

• Specific areas of the study should be analysed in-depth

In order to generalise the findings of this study, there is a need for more case studies
of similar character investigating the same phenomenon. By doing this, the results
from the studies can be compared to each other and common denominators detected.
There is a need to study organisations similar to the one investigated in this thesis
in order to validate and complement the findings. Also, organisations with other
characteristics acting in other industries would be of interest to investigate whether
the same assumptions and theories can be applied more broadly.

Further on, there is a need to investigate specific areas discovered in this thesis. The
focus of this study is the sourcing department and thus, management of cost engi-
neering within R&D and at production plants is not investigated. From a sourcing
perspective, a more thorough investigation should be conducted on how cost esti-
mates a↵ect the dynamics during the actual negotiation. Also, a mapping of how
cost estimates can streamline the order handling process would be of interest.
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Appendices

Appendix I. Interview Templates

Appendix I(a). Sourcing Department Pre-study Survey

• What is your role in the sourcing department?

• For how many years have you worked with industrial sourcing?

• Approximately how many articles do you cost estimate every month?

• What do you base your cost estimation on?

– Supplier quotations

– Cost of similar components

– Personal experience and heuristics

• On a scale of 1-5, to what extent do you consider the received supplier quota-
tion price is reasonable in relation to the expected component cost?

1. Very low reasonability of price

5. Very high reasonability of price

• On a scale of 1-5, can you with the current cost estimation methods challenge
supplier quotation prices in a good way?

1. Not able to challenge prices at all

5. Full cost insight

Appendix I(b). Strategic Purchaser Pre-study

• What kind of information do you share with your suppliers?

• How do the prices of machined parts develop over time in general?

• What factors a↵ect the price development of machined parts?

• What is your strategy when negotiating part prices with suppliers?

• How do you identify parts with cost cutting potential?

• How would you use a full cost breakdown in a supplier negotiation?

• What are the main reasons enabling lower prices?

• Do you have any examples where the price has been significantly lowered by
re-negotiations with the supplier?

66



• What do you think the major factors a↵ecting the potential for cost estimation
are?

Appendix I(c). Project Purchaser Pre-study

• During a new product introduction, at what stages are you asked to perform
cost estimations and how are they used in the process?

• What methods have previously been used for cost estimating new components?

• What pros and cons do you see with the previous way of cost estimating?

• Do you consider cost estimation as a time-consuming practice?

• Do you discuss the cost estimation practice with your colleges?

• Do you record the results from cost estimations where others can access them?

• Do you conduct cost estimations on all type of parts?

• Where do you think the highest potential for cost estimations are?

• What are the most significant factors causing cost uncertainty of a component?

Appendix I(d). Cost Engineer Sub-Question I

• How do you use cost estimates as a tool within procurement?

• Which types of procured components are usually cost estimated bottom-up?

• In a procurement context, the potential for cost engineering is a↵ected by
di↵erent procurement attributes. Based on extant literature, seven such at-
tributes have been identified. In what manner do the following attributes
a↵ect the potential for cost engineering?

– The component complexity (i.e. how complicated the component is
to manufacture) of the cost estimated item

– The relationship with the supplier that manufactures the cost estimated
component, and thus the amount of shared date (advance cost engi-
neering demands vast amounts of data from the supplier, e.g. machine
park, production routing, cycle times)

– The level of overhead costs (since such could cause di�culties in esti-
mating component costs), and the level of product heterogeneity as
this increases overhead costs

– Where in the product life cycle the cost estimated component is located

– The amount of allocated resources that is assigned to cost estimate
the component

• Are there any other attributes that you think a↵ect of cost engineering?
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• What would you consider a good measurement of cost engineering potential?
I.e. how would you prioritise the should cost estimates when resources are
scarce?

Appendix I(e). Strategic Purchaser Sub-Question I

• What component characteristics cause you to feel uncertain about whether
the pricing reflects production cost or not?

• What would you consider a good measurement of cost engineering potential?
I.e. how would you prioritise the should cost estimates when resources are
scarce?

Appendix I(f). Cost Engineer Sub-Question III

• How would you say that the usage of should cost estimates di↵ers depending
on how close collaboration there is between supplier and buyer?

• How would you say that the usage of should cost estimates di↵ers depending
on the phase in the product life cycle?

• Can you elaborate on any use cases where you have used should cost estimates
di↵erently and what caused you to use these solutions?

Appendix I(g). Strategic Purchaser Sub-Question III

• When negotiating today, what data is used to prepare yourself before the
supplier contact and what data is presented to the supplier?

• How does the supplier relationship a↵ect the following aspects:

– Joint cost cut initiatives (collaborative actions for increasing production
e�ciency to lower cost)

– Data disclosure (cost data breakdown provided to the supplier)

– Trust (opportunistic behaviour in pricing)

• What are the di↵erences in purchasing strategy depending on component com-
plexity?

• How would you say that the usage of should cost estimates di↵ers depending
on how close collaboration there is between supplier and buyer?

• How would you say that the usage of should cost estimates di↵ers depending
on the phase in the product life cycle?

• Can you elaborate on any use cases where you have used should cost estimates
di↵erently and what caused you to use these solutions?
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Appendix I(h). Supplier Sub-Question III

• Do you have any previous experience of sharing cost data with customers? If
yes, how does the cost data sharing process look like?

• What advantages and disadvantages do you see with sharing cost data with
customers?

• How would your negotiation power be a↵ected if you shared cost data?

• How would you say that your willingness to share cost data di↵ers depending
on the relationship to your customer? E.g. compare the sharing of cost data
in a purely transactional relationship to a partnership?

• What advantages and disadvantages do you see with inter-organisational cost
management?

• What is your view on joint cost cut initiatives, i.e. collaborative actions for
increasing production e�ciency to lower cost, together with customers?

• Would you be more willing to share cost data on components being manufac-
tured for the first time rather than on old components or vice versa?
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Appendix II. Variable Engineering

Table 25: Description of raw data tables

supplier data 1 supplier data 2 supplier data 3

SUPCD SUPCD SUPCD
SUP NAME SUP NAME SUP CLASS
REC BUYER SUP CLASS DESCR
QN UNIQ PARTS
QN PERC QTY
REC QTY ORDER SPEND
REJ QTY FOREC SPEND
PPM EST SPEND
LEAD TIME
VOL VALUE

purchasing prices purchasing orders delivery performance

MATNR MATNR PONR
SUPCD SUPCD MATNR
UPDATED CREATED SUPCD
AMOUNT BUY CURR DATE
BUY CURR CURR RATE PLANT
PRICE UNIT DISC DAYS REC
PRICE CODE QTY MISS
CODE DESCR BUY PRICE HIT
VALID FROM PRICE UNIT DEL PERF
VALID TO START DATE

PRICE VOL CV The coe�cient of variance of yearly average price, divided by the
coe�cient of variance of yearly purchasing volume. The coe�cients of variance of
yearly average price originates from the database purchasing orders where a new
variable PRICE has been calculated by multiplying BUY PRICE with CURR RATE and
divide the product by PRICE UNIT. PRICE has then been averaged on a yearly basis
to a variable ANN PRICE, utilising pivot tables in Microsoft Excel. PRICE CV is cal-
culated by taking the standard deviation of ANN PRICE and dividing it by the mean
of ANN PRICE. The coe�cient of variance of yearly purchasing volume is calculated
by aggregating QTY in the database purchasing orders on a yearly basis to a new
variable ANN QTY, utilising pivot tables in Microsoft Excel. VOL CV is calculated by
taking the standard deviation of ANN QTY and dividing it by the mean of ANN QTY.
Lastly, PRICE VOL CV is calculated by dividing PRICE CV by VOL CV.

AVG VOL The average of the yearly purchasing volume of a component. The vari-
able originates from the database purchasing orders where QTY have been aggre-
gated on a yearly basis utilising pivot tables and Visual Basic (see Appendix III)
in Microsoft Excel. Then, for each MATNR in the database purchasing orders,
the average of ANN QTY over the analysed time interval is calculated and saved as
AVG VOL.
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SUM VOL The sum of the yearly purchasing volumes of a component. The variable
originates from the database purchasing orders where QTY have been aggregated
on a yearly basis utilising pivot tables and Visual Basic (see Appendix III) in Mi-
crosoft Excel. Then, for each MATNR in the database purchasing orders, the sum
of ANN QTY over the analysed time interval is calculated and saved as SUM VOL.

MED VOL The median yearly purchasing volume of a component. The variable orig-
inates from the database purchasing orders where QTY have been aggregated on a
yearly basis utilising pivot tables and Visual Basic (see Appendix III) in Microsoft
Excel. Then, for each MATNR in the database purchasing orders, the median of
ANN QTY over the analysed time interval is calculated and saved as MED VOL.

FIRST LAST VOL The change between the first and last yearly purchasing volume.
The variable originates from the database purchasing orders where QTY have been
aggregated on a yearly basis utilising pivot tables in Microsoft Excel. Then, for
each MATNR in the database purchasing orders, the di↵erence between ANN QTY1
and ANN QTYn has been calculated.

MIN MAX VOL The change between the lowest and highest yearly purchasing volume.
The variable originates from the database purchasing orders where QTY have been
aggregated on a yearly basis utilising pivot tables in Microsoft Excel. Then, for each
MATNR in the database purchasing orders, the di↵erence between ANN QTYmax and
ANN QTYmin has been calculated.

AVG VOL G The average yearly purchasing volume growth of a component. The
variable originates from the database purchasing orders where QTY have been
aggregated on a yearly basis utilising pivot tables and Visual Basic (see Appendix
III) in Microsoft Excel. Then, for each MATNR, the yearly growth ANN VOL G is
calculated by taking the di↵erence between ANN QTYi+1 and ANN QTYi then dividing
it by ANN QTYi+1. AVG VOL G is then the mean of ANN VOL G over the whole time
interval.

CC SPEND The average yearly spend on the di↵erent suppliers that have delivered
a certain MATNR. The spend for the year 2018 is taken as data point and consid-
ered to be representative for the analysed time interval. The variable is calcu-
lated by matching ORDER SPEND from the database supplier data 2 with MATNR in
purchasing orders via SUPCD and taking the average of all ORDER SPEND for each
MATNR.

CC ITEM The average of the number of unique components purchased from the
di↵erent suppliers that have delivered a certain MATNR. The number of unique com-
ponents for the year 2018 is taken as data point and considered to be representative
for the analysed time interval. The variable is calculated by matching UNIQ PARTS
from the database supplier data 2 with MATNR in purchasing orders via SUPCD
and taking the average of all UNIQ PARTS for each MATNR.

PAY DAYS The average amount of invoice payment days for a certain MATNR, i.e.
average of the payment days for each purchase order for a component. Each MATNR
in the database purchasing orders have a value on DISC DAYS. PAY DAYS is the
average of DISC DAYS per MATNR during the analysed time interval.
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SUP CHG The number of unique suppliers that have delivered a certain component
during the analysed time interval. The variable is calculated by counting the number
of unique SUPCD for each MATNR in the database purchasing orders.

PROD DAYS The number of days from the first time a certain MATNR was procured
until the date of 2019-04-05. The data was acquired by calculating the di↵erence
in days between the earlier mentioned date and the variable START DATE from the
database purchasing orders for each MATNR.

SUP DP The average delivery performance for the di↵erent suppliers that have deliv-
ered a certain MATNR. Delivery performance is measured as the percentage of on-time
deliveries over late deliveries. The delivery performance for the year 2018 is taken as
data point and considered to be representative for the analysed time interval. Each
MATNR in the database purchasing orders is matched to DEL PERF in the database
delivery performance through MATNR, and taking the average of all DEL PERF for
each MATNR.

SUP QN The average number of quality notifications for the di↵erent suppliers that
have delivered a certain MATNR. The number of quality notifications for the year 2018
is taken as data point and considered to be representative for the analysed time inter-
val. The variable is calculated by matching QN from the database supplier data 1
with MATNR in purchasing orders via SUPCD and taking the average of all QN for
each MATNR.

SUP LT The average of the lead time for the di↵erent suppliers that have deliv-
ered a certain MATNR. The lead time for the year 2018 is taken as data point and
considered to be representative for the analysed time interval. The variable is cal-
culated by matching LEAD TIME from the database supplier data 1 with MATNR
in purchasing orders via SUPCD and taking the average of LEAD TIME for each
MATNR.

PART COMP The complexity of a component on a three-level scale based on an in-
ternal framework from the case company. Category A are technologically critical
components that should be produced in-house, components of category B should be
produced at entrusted and reliable suppliers meanwhile components of category C
are simple and the choice of supplier is not critical. The data is added manually to
each MATNR by assessment of technical drawings of the components and comparison
to the aforementioned framework.

SUP CLASS The classification of a supplier based on four di↵erent categories. Pre-
ferred partner (PP) is the category with the closest relationship between buyer and
supplier, followed by competitive supplier (CP), new business on hold (NES) and
lastly, with the weakest buyer-supplier relationship, phase-out supplier (PHO). The
data is acquired from the variable SUP CLASS in the databse supplier data 3, and
matched to each MATNR via the latest used SUPCD of that MATNR in the database
purchasing orders.

PRICE DIFF The percental di↵erence of two consecutive price points of a compo-
nent. The price points are taken from the database purchasing prices and are
not necessarily connected to a specific order. The variable is calculated utilising Vi-
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sual Basic for Applications in Microsoft Excel (see Appendix III). For each AMOUNT,
the code calculates a new variable PRICE by multiplying AMOUNT with CURR RATE,
and dividing the product by PRICE UNIT. Then for each MATNR, another variable
PRICE DIFF is calculated by taking the di↵erence between PRICEi+1 and PRICEi,
and dividing this by the last occurrence of PRICEi. This results in a database
with MATNR and PRICE DIFF, where a MATNR with n occurrences in the database
purchasing prices will occur n � 1 times in the newly formed database since
PRICE DIFF measures the di↵erence of two consecutive price points.

PRICE CODE The reason for a change in the price of a certain component. The
code is registered in the ERP system each time a part price is updated. There are
nine di↵erent codes, explained in Table 14 in Section 3.2.4. The data is acquired
from the PRICE CODE variable in the database purchasing prices and matched to
the corresponding PRICE DIFF data point. This is done by utilising the same Visual
Basic for Applications in Microsoft Excel as described earlier in PRICE DIFF, which
in addition to the earlier description saves the PRICE CODE together with the PRICE
for each MATNR. The PRICE CODE for the last occurrence of PRICE is then saved with
PRICE DIFF.
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Appendix III. Pseudocode for Variable Engineering

Algorithm 1: Concatenation of all data points of a certain article number

for i = first row to last row do
for j = first column to last column do

if cell not empty then
add cell value to comma separated list;

end
end

end

Algorithm 2: Storage of price change with corresponding reason and date

for i = first price update to last price update do
for j = i+ 1 to last price update do

if article number i = article number j then
store: article number j, price update j, price update i, price change
code j, update date j ;
break

end
end

end
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Appendix IV. Correlation Matrix

Figure 18: Correlation matrix of the independent variables
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