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Abstract 
Purchasing, is an important part of the production process in industrialized 
house-building. Uncoordinated purchasing is one of the causes for low 
productivity increase within the sector. Traditional purchasing strategies, used 
by large construction companies, may not be applicable to small and 
medium-sized companies. It has been suggested that traditional purchasing 
strategies are not favorable for small industrialized house-building companies, 
because the relation between the buyer and the suppliers are characterized by 
short term project incentives rather that long term relationships. 
 
In order to secure low process variation in deliveries, quality and time, long 
term relationship in a form of supply chain collaboration is suggested. The 
position taken is that small and medium sized industrialized house-building 
companies could improve their supply chain process by developing products 
collaboratively with their customers, suppliers or both. 
 
Case studies to analyze the collaborative product development process have 
been conducted at small and medium sized industrialized house-building 
companies. The products developed in these cases have varied from simple to 
complex and the results have been studied from both the supplier and 
customer perspective in the industrialized house-building supply chain. 
 
The results indicate that the actors are valued differently. Value is an 
ambiguous term. Therefore, process improvements have been studied using 
‘value stream mapping’ and simulated with a strategically selected 
performance measurement such as lead-time. Collaborative product 
development can be argued to increase purchasing process productivity. 
However, there are barriers, synthesized from supply chain management 
theory, that need to be addressed. Barriers to be taken into account in 
collaborative product development are that small companies have limited 
resources, that the legal structure does not support collaboration and that 
differences in maturity in ‘industrialized house-building thinking’ might 
hinder effective collaboration. However, the results do not conclusively 
prove or disprove the idea that collaborative product development can be 
used by small industrialized house-building companies. 
 
Further research into the application of purchasing and collaborative product 
development in the industrialized house-building and construction context 
with a dynamic model where time on market will affect what processes 
needed to be developed between the buyer and the supplier.
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Sammanfattning 
Inköp, som är en viktig del a tillverkningsprocessen inom industriellt 
byggande, är en av orsakerna till låg produktivitetsökning inom branschen. 
Traditionella inköpsstrategier, som används av större företag, är kanske inte 
tillämpbara för små och medelstora företag. Det har påvisats att dessa strategier 
inte är gynnsamma då relationen mellan köpare och leverantör karaktäriseras 
av kortsiktigt projekttänkande istället för långsiktiga relationer.  
 
För att säkerställa en låg process variation i form av säkra leveranser, tid och 
kvalitet, föreslås samverkan inom värdekedjan. Ståndpunkten är att små och 
medelstora företag inom industriellt byggande skulle kunna öka 
produktiviteten i värdekedjan genom att utveckla produkter tillsamman med 
sina kunder och leverantörer. 
 
Fallstudier har genomförts hos små och medelstora industriella byggare inom 
professionellt inköp i syfte att analysera gemensam produktutveckling. 
Produkter som studerats, både från ett kunds och från ett leverantörs 
perspektiv, har varierat från enkla till komplexa. 
 
Resultaten indikerar att aktörerna ser olika på värde. Värde är mångtydigt 
begrepp. Därför har process utveckling studerats med värdeflödesanalys och 
genom att simulera ledtid som ett strategiskt mätetal. Gemensam 
produktutveckling kan hävdas öka inköpsprocessens produktivitet, men det 
finns hinder som måste beaktas. Hinder och krav som bör beaktas vid 
gemensam produktutveckling är att små företag har små resurser, den legala 
strukturen stöttar inte gemensam produktutveckling och olika mognadsgrader 
i industriellt tänkande mellan aktörer är också ett hinder. Resultaten varken 
bevisar eller motsäger inte på ett otvetydigt sätt att gemensam 
produktutveckling kan användas för små och medelstora företag. 
 
Vidare forskning tillämpningen mellan gemensam produktutveckling som en 
inköpsstrategi inom industriellt byggande i byggomgivningen krävs genom att 
utveckla en dynamisk modell som är beroende av hur lång tid produkten har 
varit på marknaden.  
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 Introduction 

1 Introduction 

1.1 Background 
The traditional purchasing process is one of the causes for the low 
productivity increase within industrialized house-building. Purchasing is a 
major part of both the supply chain and the production process in 
industrialized house-building. Various improvements to the traditional 
purchasing process have been evaluated in the literature including use of the 
Kraljic model (Kraljic 1983, 109-117), structured make-or-buy decisions 
(Cousins et al. 2008) or strategies for the organization of purchasing (Van 
Weele 2009). 
 
These different strategies are used by large construction companies, but they 
may not be applicable to small and medium-sized companies, hereafter 
referred to as small companies, since most do not have dedicated resources for 
purchasing (Quayle 2002, 151). Indeed, it has been suggested that these 
strategies purchasing strategies are not favorable for small industrialized 
house-building companies (Bildsten 2011). 
 
Industrialized house-building companies, by definition, focus on their own 
production process rather than on the use of a whole supply chain (Figure 1). 
 

Figure 1 Conceptual Model of the Value Delivery Process. The customer and 
supplier interfaces deliver input; information or material to industrialized house-
building companies 
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Currently, the purchasing process tends to result in one-off buys for 
individual projects and is coupled with an apparent inability to select and buy 
products efficiently. Current methods of working do not increase company 
productivity in relation to the whole process.  
 
Small industrialized house-building companies share the same market 
environment as the larger ones. There appears to be a need to re-evaluate or 
adapt existing supply strategies for small house-building companies (Figure 2). 
 

dustrialized house-building means that a company has a process to control 

te 

he core of industrialized house-building is the product: either as general 
c 

 

proving 
 

ollaborative product development can be defined as the interaction 
n be in 

Figure 2 The Research Project Context. Industrialized house-building is 
considered a part of house-building and construction. 

 
In
the planning and execution of the supply chain (Lu, Olofsson, and Stehn 
2011, 25-35). This idea encompasses everything from sales, through the 
production or supply of material and components, to erection using off-si
construction of components. These processes are designed for the repetitive 
manufacture of products. 
 
T
components such as windows, doors or precut timber beams, or as a specifi
building system or even a complete building (Lennartsson and Björnfot 2010,
17-29). Collaborative product development, emphasizing the products, forms 
an alternative purchasing strategy for increasing productivity in the 
industrialized house-building supply chain. Collaborative product 
development has also been presented as an alternative strategy for im
purchasing (Bruce et al. 1995, 33-44) but it has not yet been studied from the
industrialized house-building perspective. 
 
C
between production and supply of materials for that production and ca
the form of integrated product development or concurrent engineering. 
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(Elfving 2007). Collaborative product development requires a product fo
with standardized interfaces to other products or subsystems. For 
industrialized house-building, this implies a shift from a traditional
construction project focus to a product focus (Björnfot and Stehn 2
and requires some basic conditions to be met in order to develop standard 
interfaces to suppliers (Lennartsson 2009) . Collaborative product 
development therefore seems a viable strategy to use with an adapt
purchasing method. 
 

cus 

 
007, 33) 

ed 

enerally, supply chain management has been advocated as a strategy for 

een 

1.1.1 A Need for Integration in Purchasing 
nstruction, ranging from 

-
 

 the purchasing process also uses speed and price as a basis for selection of a 

 

he industrialized house-building company has a contractual relationship 
of 

G
improving the purchasing process in construction (Saad, Jones, and James 
2002, 173-183). Of specific interest and relevance to this research is that 
supply chain collaboration, as a means of supply chain management, has b
suggested as an innovative strategy for improving purchasing in construction 
(Kumaraswamy and Dulaimi 2001, 325-334). Supply chain collaboration, a 
term often used to mean mutual benefit, sharing of risk and rewards and the 
sharing of information (Barratt and Oliveira 2001, 266-289) , is defined as a 
method to define, design and make products collaboratively with the 
suppliers or customers in order to improve the value delivery process 

There are several procurement methods used in co
traditional fixed price, design and build to build-own-operate-and-transfer 
(Blayse and Manley 2004, 143-154). The fixed price contract method has 
drawn criticism in the literature (Walker, Hampson, and Ashton 2003, 236
257) since it pushes the cost risk onto contractors and has the highest level of
non-collaboration and the lowest level of integration across the supply chain 
(Kumaraswamy and Dulaimi 2001, 325-334). 
 
If
supplier it will establish rigid role responsibilities and self-protective behavior 
(Kumaraswamy and Dulaimi 2001, 325-334). There is always a chance of the 
sub-contractor or supplier “buying the business”, meaning that the supplier 
offers a price lower than their own cost price for the project in order to win 
the bidding. The supplier is calculating that they will make profit by charging
more when changes occur in the requirements for the project. 
 
T
with the 1st tier suppliers who, in their turn, have subcontracted elements 
the work to companies with whom they have their own beneficial 
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contractual terms. A supplier (supplier (b) in Figure 3) can act as a fi
second and third tier supplier within a project and can have contracts wi
other first or second tier suppliers.  
 

rst, 
th 

he sheer number of organizations involved in any given construction 
03, 

 

enerally, one way of handling complex work tasks is by dividing the work 

89). 

he division of the system into small elements and their individual 
nt of each 

are 

T
project is also problematic (Barlow 2000, 973-989; Naim and Barlow 20
593-602) since each supplier involved in a project controls only one element
in the overall process (Figure 3).  
 
G
into discrete packages, which are purchased sequentially and then completed 
by specialists. This also means that the production process is likely to 
experience interruptions due to interdependency (Barlow 2000, 973-9
 
T
optimization is a good idea if the individual elements are independe
other, the work task has well defined interfaces and the process is not 
stochastic (Holweg 2005, 603). Unfortunately, supply chain processes 
stochastic. 
 

Figure 3 Supply chain complexities. An illustration of an industrialized 
house-building company’s suppliers. Tier refers to the position in the supply 
chain (Clark et al. 2003). 
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Sub-division does not improve the industrialized house-building supply chain 
because the elements are dependent and repetitive over time, and the flow of 
materials and the flow of information needs to be stable. However, current 
industrialized house-building in Sweden still has a large variation in process 
tolerances (Lennartsson 2009), which makes the traditional sub-division even 
more counterproductive.  
 
The traditional way to manage risks associated with interruptions in the 
construction project process focuses on legal contracts that pass risk down the 
supply chain such as from contractor to subcontractor. This creates more 
pressure to use tried and tested approaches and reduces the ability and 
willingness of the actors to design and deliver new products or services 
(Blayse and Manley 2004, 143-154).  
 
From the perspective of finding a new method of purchasing, a well-
integrated team is most important (Walker, Hampson, and Ashton 2003, 
236-257) since communication, learning and innovation are all improved 
(Kumaraswamy and Dulaimi 2001, 325-334). This would imply that shared 
risk and reward coupled with fixed cost contracts leads to improved 
communication, learning, and innovation. 
 
New purchasing methods encourage integration in new product 
development (Blayse and Manley 2004, 143-154) when compared to 
traditional purchasing. A collaborative method is aimed at increasing 
productivity, reducing costs and project times whilst improving quality and 
client satisfaction (Bresnen and Marshall 2000, 229-238). 

1.1.2 Collaborative Product Development 
All sizes of companies collaborate but small companies have fewer resources 
than larger companies and would therefore benefit more from collaboration 
(Andersson 1979). 
 
The product view in industrialized house-building companies leads to a need 
for product development and supply chain collaboration. Therefore, 
collaborative product development has become an interesting method for 
small companies to investigate (Elfving 2004). From the viewpoint of figure 
3, collaborative product development involves first and even second tier 
suppliers creating a common product or service together with the buyer. 
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Every supplier is responsible for their process as well as the interface with the 
main process (Bruce et al. 1995, 33-44).  
 
The focus for collaborative product development is trust, end-customer 
requirements and target price, rather than contractual issues and change 
orders. The suppliers are given a long term contract with responsibility for 
their own process, which makes suppliers more reluctant to buy the order by 
offering a price below their actual production cost and then profiting from 
change orders. The method of collaborative product development can vary 
but integrated product development and concurrent engineering are two 
examples mentioned by previous researchers (Elfving 2007). 
 
Collaboration methods used in a supply chain context have been criticized 
because of the difficulties encountered in implementation (Sabath and 
Fontanella 2002) . There has been an over-reliance on technology 
(McCarthy and Golicic 2002, 431-454) , difficulties in understanding when 
to collaborate and with whom (Sabath and Fontanella 2002) and a lack of 
trust between partners (Barratt 2004, 30-42). However, it is argued that 
focusing on who to collaborate with coupled with customer requirements 
dictating what areas to collaborate in, can support a collaborative process 
(Barratt 2004, 30-42). Collaboration methods appear to work when suppliers 
are organized to deliver specific customer value.  
 
The ability of small companies to develop new products is affected by their 
lack of development and planning resources. The daily work of managers and 
key-personnel is ‘hands-on’ (Elmhester 2008). The managers do not have an 
extended management team with the different skills required, and multiple 
responsibilities are often handed to one person without backup (Ylinenpää 
1997). This means that the small company often lacks the resources or time 
needed for structured purchasing or supplier development and has limited 
resources to undertake innovation (McFallan 2002).  
 
Small companies constitute more than 99.9 % of the Swedish house-building 
sector (SCB , 1). Despite not having the resources needed to take advantage 
of the most widely used methods designed for purchasing (Quayle 2002, 
151), these companies are a large part of the construction industry. In the 
context of industrialized house-building, it is therefore important to 
investigate how small companies could handle supply chain collaboration 
through purchasing. 
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1.1.3 Improving Purchasing Productivity 
The term ‘productivity’ has different meanings for different industries, 
cultures and individuals (Johnston 2004, 201). Productivity defined as the 
ratio between input and output is a measurement of the ‘value added’. The 
transformation process uses the inputs and can be viewed as the ‘costs’ for the 
use of resources (Tangen 2005, 34).  
 
Industrialized house-building supply chain productivity can be described 
using the parameters lead time, inventory and operational costs (Brewer and 
Speh 2000, 75-93). Lead time is measured as the time taken for an input to 
be processed, that is, the time needed to produce an adequate output. 
Inventory is the level of stock, or input, that the project needs to transform 
into output. Operational costs are the costs connected to the transformation 
of inputs into output e.g. wages, rental of machines and other resources and 
overhead costs.  
 
A change in any one of these parameters will lead to a change in the others. 
By considering the system as a whole, only reducing either all three 
parameters or fixing two and reducing one, will improve the productivity of 
that system (Maskell and Kennedy 2007, 59-73). 
 
It costs industrialized house-building companies more for their activities 
compared to traditional house-building companies because there is a cost 
associated with industrialization that traditional house-building companies do 
not bear. This is the cost of investment in machines and off-site production 
facilities. Therefore, any reduction to the input by reducing wages will not 
have an immediate effect as it would in traditional house-building. Hence, 
the industrialized house-building company needs to improve the ratio of 
input to output continuously since an immediate reduction in personnel will 
not affect the whole system straight away 

1.2 Research Purpose and Questions 
The objective of this thesis is to create an understanding of the supply chain 
in small and medium-sized1 industrialized house-building companies and 
investigate whether collaborative product development can support 
purchasing.  
 

                                      
1 Here is the term ‘small and medium-sized’ used in order to be precise 
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The research questions form the basis of the selected research strategy (Yin 
2002). By dividing the objective into questions, it is easier to delimit the 
appropriate theoretical and empirical area of the research project (Miles and 
Huberman 1984). The research questions are: 

How do small and medium-sized industrialized house-building 
companies purchase products? 
How can small and medium-sized industrialized house-building 
companies develop products collaboratively? 
How does the construction environment affect the purchasing for 
small and medium-sized industrialized house-building companies? 

1.3 Definitions and Demarcations 
Demarcations form the boundary on which the research project is executed. 
Definitions are a deliberate and strategic selection of a theory or a framework 
and are, therefore, discussed at the same time as demarcations. 

1.3.1 The Research Project 
This is an applied research project that supports the industrialized house-
building sector. This support comes through combining theories and then 
using them to describe the supply process for small industrialized house-
building companies in respect of the flow of material and information both 
upstream to suppliers and downstream to customers. The processes studied 
run from contractor to supplier and second tier supplier (Figure 3) with 
theories and empirical data derived from two case studies. 

1.3.2 Supply Chain Management 
The theoretical framework is based on supply chain management. As a 
theoretical field supply chain management has interfaces to several other 
research fields such as small businesses, product development, 
communication, and decision making. 
 
Even though the term ‘supply network’ would more adequately describe the 
relationships between suppliers and customers, since the suppliers are not in a 
chain, still the term ‘supply chain’ is widely accepted both in practice and in 
the literature.  
 
Supply chain management is defined as the strategic approach to operations, 
materials and logistics management (Tan 2001, 39-48) and the management 
of upstream and downstream relations with customers and suppliers, in order 
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to deliver value at less cost to the supply chain as a whole (Croom, Romano, 
and Giannakis 2000, 67-83). 

1.3.3 The Purchasing Process 
In practice and in the literature, many interchangeable terms are used to 
mean purchasing; these include procurement, contracting, sourcing and 
supply management (Bildsten 2011). The word purchasing is used for the 
whole process of buying. 
 
Purchasing processes can be a ‘new-task situation’, a ‘modified re-buy’ or a 
‘straight re-buy’ (Robinson, Faris, and Wind 1967). A new-task situation 
describes a company buying a new product from a new supplier, a modified 
re-buy is where a company buys a new product from a known supplier and a 
straight re-buy is where a company buys a known product from a known 
supplier.  
 
This research studies collaborative product development, since this type of 
development has been shown to increase supply chain productivity in 
traditional manufacturing (Bruce et al. 1995, 33-44). The product 
development process consist of several sub-tasks such as logistics, production 
and finance and is, ultimately, a creative process which makes it less likely to 
succeed if the parties involved are not committed to the project goal. 
Therefore, the purchasing processes involved in the new-task situation are 
more relevant to study than the traditional purchasing of a straight re-buy. 
 
Purchasing for industrialized house-building involves the process of sourcing, 
purchasing and delivery of the input, goods, materials and services that are 
necessary for the production process (Bildsten 2011). Purchasing management 
consists of the organization and behavior of the purchasing processes, 
methods and procedures. The term supplier is used when referring to the 
relationship between the buyer and the seller regardless of whether the basis 
of the transaction is a service or a product only. 
 
There is a difference between purchasing by consumers and purchasing by 
professionals. Buyers for industrialized house-building companies are more 
likely to have formal selection and purchasing processes and are therefore the 
focus of this thesis even though many such companies sell to consumers.  
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1.3.4 Small Business 
The suppliers studied are small but, in one case, the contractor is a large 
company. The definition of small and medium-sized companies follows EU 
Commission recommendation 2003/361/EC and refers to companies with 
fewer than 250 employees and a turnover below € 50 million. A distinction 
with micro-companies has not been made, even though there has been some 
research showing that the capabilities of such companies differ from small 
businesses (Turner, Ledwith, and Kelly 2009, 282-296). 

1.3.5 Large Contractors and Complex Projects 
Large contractors have adopted a number of strategies to cope with the 
complex situation of purchasing in the construction context (Figure 3). The 
most common strategies are centralization of purchasing, category 
management, or structured reduction of the number of suppliers. These 
strategies are not included in the study. 
 
Large and complex projects involve significant challenges to effective 
communication and give rise to conflicting efforts (Blayse and Manley 2004, 
143-154). For more complex projects, a design-build, construction 
management, project management, or BOOT style arrangement can have 
excellent, innovative results (Walker, Hampson, and Ashton 2003, 236-257). 
Large and complex projects are not considered in this thesis. 

1.3.6 Collaborative Product Development 
The purpose in evaluating collaborative product development is to identify its 
pros and cons in order to suggest it as an alternative method of purchasing for 
small companies. Of special interest is the establishment of a situation that 
enables small companies to accumulate purchasing and development 
resources through collaboration. The evaluation and theoretical advancement 
of collaborative product development as a product development method is 
not considered. 

1.3.7 Productivity 
The purpose of evaluating and discussing productivity is to reveal a potential 
improvement from a ‘Lean’ perspective where the focus is continuously to 
improve the process. The continuous improvement is a movement from the 
current state to a future state where the ratio between input and output is 
incrementally increased and explained through the term ‘productivity’. 
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Therefore, productivity is not to be seen as a specific measurement or key 
performance indicator. Productivity is neither a quantitative number that 
could be measured nor a description of the impact on the supply chain of the 
collaborative product development method.  
 
‘Lean’ is viewed as an overall management philosophy that consists of 
principles, methods and tools. The idea is that Lean methods and tools can be 
applied to a company, even though that company’s management philosophy 
does not align with Lean management philosophy.  
 
The ambiguities in the concept of value described in Paper I mean that the 
term needs to be defined according to the actor and the situation. The 
definition for value is based on a quality engineering view, a part of total 
quality management (TQM), where value is defined as delivering a product 
that fulfills, and preferably exceeds, customer needs and expectations 
(Bergman and Klefsjö 2007). 
 
‘To fulfill’ is to meet the requirements and tolerances according to the 
customer’s specification and deliver the right amount at the right time. The 
term ‘exceeding customer expectations’ means that the industrialized house-
builder needs constantly to develop their processes, with productivity as a 
predictive term. 

1.4 Thesis Disposition 
This thesis consists of two parts. The first part is the cover paper including 
chapters 1-5 and the second part is three appended papers. 

1.4.1 Cover Paper 
The introductory chapter describes the research field and identifies the areas, 
both theoretical and within the construction industry, to be studied, followed 
by the aim of the research and the research questions. The method chapter 
presents details about the researcher and chosen methods. The chapter on 
theoretical framework presents the literature review and a summary of 
literature in the appended papers. It also describes how the theories regarding 
supply chain management has been condensed into a model of analysis.  
 
The results and analysis chapter describes the companies and the analyzed 
empirical results collected from the case studies. Finally, the discussion and 
conclusions chapter describes findings in the cover paper in relation to the 
overall aims, followed by suggested future research. 
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1.4.2 Appended Papers I-III 
Paper I: The ambiguity of value 
The paper was written by Jarkko Erikshammar, Anders Björnfot and Viktor 
Gardelli. The author’s contribution was the formulation of the fundamental 
idea, research question and the analysis of the theoretical framework of 
Value. The model creation and the writing were divided between all the 
authors. 
 
Paper II: Learning from workflow visualization in civil engineering projects 
This paper was written by Peter Simonsson, Anders Björnfot, Jarkko 
Erikshammar and Thomas Olofsson. The author’s contribution was to 
analyze the empirical material, suggest the model of analysis from research 
into supply chain management and also establish the relationship between 
batch size and project profitability.  
 
Paper III Vale Stream Mapping and Discrete Event Simulation for Industrialized 
House-building  
The paper was written by Jarkko Erikshammar, Lu Weizhuo, and Lars Stehn. 
The author’s contribution was the formulation of the fundamental idea, 
research question, and the theoretical framework of Value Stream mapping as 
an improvement process.
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2 Method 
This chapter describes the methods used for collecting and analyzing 
empirical data. The actual process used for data collection and methods of 
analysis are described to enable the results to be replicated. Analysis of 
empirical data can be biased by the researcher, particularly in social sciences 
and qualitative studies, and is therefore described in detail. 

2.1 Researcher Background 
In a qualitative setting, the researcher is an instrument of the study itself 
(Miles and Huberman 1984; Denzin and Lincoln 1994). By understanding 
the researcher, the reader is presented with an opportunity to validate the 
analysis and conclusions. 
 
The researcher has a degree in MSc in Industrialized Management and 
Engineering from Luleå University of Technology and specialized in logistics. 
Relevant job experience includes the role of a business developer at Scania 
where the researcher developed their understanding of industrial conditions 
and Lean Production. The researcher was also a managing director at 
Englundshus AB and thus developed an understanding of industrialized 
house-building and the construction environment.  
 
This background primed the researcher with the knowledge to understand 
the contextual setting: technical terms, unspoken issues, and underlying 
assumptions about work methods. This probably led the researcher to 
identify the issues surrounding the case study faster than spending time trying 
to understand what was really happening in the project groups. However, 
there is an increased likelihood of bias in the design of interviews, 
interpretation of results and analysis of the case studies. 
 
Throughout the entire research project, the researcher has been involved in 
the research programs TräIN and Lean-Wood-Engineering (LWE). TräIN is 
a regional program for developing industrialized timber frame house-
building. The program is a joint venture between municipalities, industry, 
Luleå University of Technology and IUC. The idea of TräIN is to catalyze 
and encourage small supplier networks in the region. 
 
LWE is a joint venture between three universities: Luleå University of 
Technology, the Institute of Technology at Linköping University and the 
Faculty of Engineering at Lund University, in collaboration with industry 
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partners from the wood producing and manufacturing sectors as well as the 
building and construction sector. The LWE knowledge centre involves about 
30 senior researchers and PhD students. 
 
The researcher’s involvement in these programs has consisted of participation 
in workshops, conferences and PhD courses and has enabled the researcher to 
develop the theoretical framework and gain access to company networks. 

2.2 Research Strategy 
Research strategy selection is based on the research questions. The different 
strategies within social sciences are: experiment, survey, archival analysis, 
history and case study strategy (Yin 2002). 
 
”… to create an understanding of the supply chain in industrialized house-
building…”2

 
It was a strategic choice to select an exploratory, and mainly qualitative, 
research design. ‘To create an understanding’ means that the researcher 
wanted to take a holistic view within the research setting. A holistic approach 
indicates that the research requires a detailed description of the course of 
events. 
 
The research questions presented in the Introduction took the form of 
exploratory research questions. The use of “how” in a research question 
indicates that a range of data needs to be explored (Table 1). This led to the 
selection of a case study strategy. 
 
The first question implies that the researcher needed to learn more about the 
theoretical and practical context of industrialized house-building and to 
compare that new knowledge with the experience that the researcher had 
had earlier in their career. The objective of the question was to develop a 
description of how small industrialized house-building companies currently 
supply products. 
 
The other two questions (table 1) are both of a descriptive nature. The 
second question indicates that the researcher is looking for an improvement 
to the current state of product supply and wants to describe how that product 

                                      
2 A quotation from the ‘Introduction’ 
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supply might work in the future. The third question addresses how to move 
from that current state to the future state and the obstacles that might prevent 
 

Table 1 Research questions with their form and purpose. Based on (Yin 2002) 

Research Question Form Purpose 
How do small and medium-sized industrialized 
house-building companies purchase products? 

How Exploratory 
 

How can small and medium-sized industrialized 
house-building companies develop products 
collaboratively? 

How Descriptive 

How does the construction environment affect 
the purchasing for small and medium-sized 
industrialized house-building companies? 

How Descriptive 

 
It is advantageous to use a case study as the research method when 
exploratory and descriptive questions are used to examine contemporary 
events (in this study, purchasing by industrialized house-building companies) 
over which the researcher has no control (human behavior in a real-world 
setting). This advantage was another reason for selecting a case study. 
 
Uncontrolled contemporary events, which are hard to treat with an 
experiment in a real-life setting, form a good basis for selecting a case study 
strategy (Yin 2002). The study handled more variables than data points by 
using multiple sources of evidence and benefited from previous development 
of the research area. 

2.3 Research Design 
Research design is defined as an action plan that describes how, in a logical 
sequence, to connect empirical data to the study’s initial research questions 
(Yin 2002). A unit of analysis is defined as a component related to the 
fundamental description of the case and will have an impact on the research 
design (Yin 2002).  
 
The research design involved conducting two case studies, with the unit of 
analysis being defined as the collaborative product development process. This 
type of research design is termed ‘abduction’: after gaining knowledge from 
the first case study, the researcher learned new facts that were then 
considered from a supply chain management theoretical standpoint. So, the 
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researcher had a better theoretical understanding with which to approach the 
second case with. 

2.3.1 First Case Study Design 
The objective for the single case study chosen for the first phase of the 
research was to validate the formulated theory. Theoretical models based on 
supply chain management and collaborative product developments were both 
tested by the case study, which made the single case study an appropriate 
selection. 
 
The first case study was a small industrialized house-building company 
undertaking a collaborative product development project with its suppliers. 
The company is described in the chapter on empirical data. A project group 
was formed, consisting of employees from the industrialized house-building 
company and one representative from each of the suppliers. After completion 
of the first case study, a summary of the case was written up (Figure 4).  

Figure 4 Research design for the case studies. Based on Yin (2002) and 
modified for this research using two case studies. 

The strategic choice of company to use for the case study was based on their 
involvement in the TräIN program and their explicitly stated willingness to 
develop a product collaboratively. Suppliers were selected by the house-
building company based on the products they sold (roofing, heating, 
electricity, windows, doors, timber, and truss). 
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2.3.2 Second Case Study Design 
One reason for choosing a multiple case study design is to produce a 
theoretical replication of the results (Yin 2002). In order to achieve this 
replication, the design shown in Figure 4 was used. This design was that of a 
multiple case study as this allowed the possibility of replication when studying 
collaborative product development. 
 
It was reasonable to assume that replication of similar results would occur 
since collaborative product development would be used in both cases. This 
was actually the reason why the companies that were studied were originally 
chosen. 
 
In the second case, another collaborative product development project was 
studied. The company is described in the chapter on empirical data. The 
project group consisted of employees from the supplier and two house-
building companies. After the second case study, a summary of the case was 
written up (Figure 4). 
 
In the second case study, the house-building company was selected because 
of their involvement in the LWE research program and their explicit 
statement of willingness to develop a product. The product development 
project was selected by the house-building companies. 

2.4 Research Process 
The research design included two processes with separate empirical studies 
and literature review that resulted in the appended papers I – III and a cover 
paper (Figure 5). After the empirical studies the theoretical framework from 
the three papers was synthesized and used for cross study analysis. The model 
of analysis was combined with additional theory from supply chain 
management because the theory in the appended papers does not cover the 
research questions.  
 
Theory should guide the case study design (Yin 2002). The initial theoretical 
framework, based on supply chain management literature, was used as a 
starting point for the design of the first case study. After the first case study 
another literature review was performed for paper II and III. During the 
process, it has been necessary to add additional theories about ‘collaborative 
product development’, ’small business development’, and ‘Lean’, after both 
the first case study and the second case study, but also for the cross findings 
and analysis. 
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Papers I and III have been used both for theory building, as mentioned, but 
the results from these papers have also been used to contextualize the 
developed model of analysis presented in the cover paper. Paper II is only 
referenced in connection with applied theory, building in process 
improvement and testing the application of the theory to the general 
construction environment. 
 

Figure 5 The conceptual research process. This model shows the 
research process for the whole project and both case studies. 

2.5 Data Collection Methods 

2.5.1 Literature Review 
The broad theoretical frame of reference guiding the research questions and 
the analysis of the outcomes of the case studies is made up of theories relating 
to supply chain management and collaborative product development. 
However, supply chain management references several other theoretical fields 
so the specific perspectives addressed in this thesis are derived from the fields 
of small businesses and product development, but from a supply chain 
management perspective. 
 
Industrialized house-building is considered to be a part of house-building and 
construction (Figure 2) so that, although it is an area in its own right, any 
findings can be generalized and put in the context of construction. A study 
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was carried out of the literature connected to an overall construction context, 
focusing on literature from the construction and project management areas. 
 
However, theoretical considerations from this literature are not written from 
the perspective of small companies but rather from industrialized house-
building in a construction and project management setting. 

2.5.2 Research Files 
All data that have not yet been published are stored electronically on a central 
server at the Luleå University of Technology in Luleå. Each researcher has a 
folder for each project on the server.  
 
Every project has a folder entitled ‘control documents’ (styrande dokument) 
that contains more general documents not directly related to the research and 
a folder named ‘production documents’ (produktions dokument). In the 
‘production documents’ folder there are sub-folders that have been created 
for each group of empirical data collected, named according to the date of 
collection and the activity (Figure 6). 

Figure 6 Research files. A screenshot of the folders containing the Research 
Files. 

2.5.3 Interviews 
All interviews were semi-structured, in-depth interviews, where the 
respondents had the opportunity afterwards to verify a summary written by 
the interviewer. The interviews were then typed as a transcript by the 
researcher and archived in the research files.  
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Data from these interviews have been published in Paper III, whilst some 
data have been published in technical reports (Erikshammar, Engelmark, and 
Haller 2010) and the results presented at a workshop (Erikshammar and 
Lassinantti 2010, 28). 
 
The analysis was performed using pattern coding and clustering keywords 
into themes. The data were not processed analytically but pattern coding was 
used to move and re-arrange the findings as described by the model of 
analysis presented in the Theoretical framework chapter. 

2.5.4 Archival Documentation 
The documents used in the case studies included organization charts, 
quotations and requests for quotations, e-mail correspondence, technical 
documentation, blueprints, minutes from meetings, project plans and website 
home pages. 
 
During the first case study, the industrialized house-building company 
allowed the researcher access to investigate all filed documents both on a 
server and in hard copy form. Relevant data such as purchasing agreements, 
call-off documents, drawings and invoices were stored with the other 
research files having been either photocopied or scanned electronically. Data 
from these archival documents are published in Paper III and other data have 
been published in technical reports (Erikshammar, Engelmark, and Haller 
2010) and results presented at a conference (Lu, Erikshammar, and Olofsson, 
2011). 
 
During the second case study, the researcher was given access to hard copies 
of documents and files sent as attachments to e-mails. The hard copies were 
scanned and stored with the other research files along with the e-mail 
attachments. The archival data were analyzed in a similar way to that of the 
interviews, by pattern coding and clustering findings into themes. 

2.5.5 Participant Observations 
The observations of the participants contribute to the researcher’s general 
knowledge and understanding of the case study without generating any 
formal documentation other than that of research diaries and memos. In this 
case, memos are in the form of an e-mail sent to yourself and possibly to the 
supervisor and formed a suitable way of continually analyzing the case studies 
(Miles and Huberman 1984). 
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Participant observations have been used in workshops, company meetings 
about product development, meetings with buyers and e-mail 
correspondence (in real-time). This provided the researcher with ways to 
correlate interview results and information from archived documents. The 
research diary is stored electronically in the research files on the server. 

2.6 Validity and Reliability 
This research project has followed the recommendations of (Yin 2002), using 
logical tests to verify the quality of research.  
 
Construct validity is achieved by using multiple sources of information to 
correlate the results of the study and create a chain of evidence. Internal 
validity focuses on the data analysis phase and addresses the researcher bias 
(Yin 2002) : by combining interview transcripts with archival data and 
participant observation, the researcher has achieved this. 
 
In order to strengthen the validity of the case studies, the opportunity for 
respondents to verify the accuracy of the interviews was made a priority 
along with the correlation of interviews with archival documents and website 
home pages in order to obtain multiple sources of evidence. The semi-
structured interviews were designed with help from colleagues in the research 
group and, following a test interview, the interview guide was modified. 
Participant observations have given the researcher the possibility of 
comparing respondent interview data with e-mails and actions from real-life 
situations.  
 
In the first case study, the participant observations happened mainly during 
workshops, which represent an artificial environment. However, the 
questions sent by email by the project members could be used to create a 
chain of data. In the second case study, the researcher visited the company 
being studied, providing the opportunity to overhear conversations that are 
related to workshops or interviews. 
 
External validity is defined as finding generalizations in the data from the case 
study, but there is a recognition of the difference between analytical and 
statistical generalization The point of measuring the reliability of the research 
is to reduce errors and biases in a study (Yin 2002). The case study approach 
and the number of case studies made it impossible to make any statistical 
generalization. However, because multiple case studies were carried out and 
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the fact that small industrialized house-building companies operate in the 
construction context, analytical generalization was the goal. 
 
In order to strengthen external validity, a comparative case study was 
undertaken. Theoretical triangulation building on supply chain management, 
product development and small business development theories was used to 
explain patterns of behavior and thereby strengthen the external validity of 
the research. 
 
Reliability was strengthened by the use of protocols applied to the data 
storage of the research files. The use of a researcher diary to comment on 
memos and empirical data also contributed to reliability.
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3 Theoretical Framework 
The theoretical framework views purchasing from a supply chain perspective. 
Purchasing, as with supply chain management, interfaces with many other 
research fields. Among these are small business theory and collaborative 
product development (Figure 7). 
 
To begin, purchasing is discussed from an industrialized house-building 
perspective and thereafter the contextual settings for small businesses and how 
those affect the purchasing process are described. Figure 7 shows that the 
other research fields affect the theoretical framework. After this, collaborative 
product development as a strategic purchasing method is discussed. 
 

ity. 
 

ements 
increase customer value. Finally, a synthesis is made, results from appended 

ysis is presented. 

 

house-building can be defined as discrete parts manufacturing (Wild 1986). 

Figure 7 Chapter outline. An illustration of the outline of the Theoretical 
framework chapter and the connection to other fields. 

Subsequently, process productivity is discussed, since the aim is to improve 
the process of purchasing rather than treating purchasing as a one-off activ
Productivity is used to demonstrate a method of measuring improvements in
purchasing and to show how the implementations of such improv

Papers are used for context, and a model of anal

3.1 Purchasing is Supply Chain Management 
The organization of the production process affects the purchasing process for
production (Van Weele 2009). The production system of industrialized 
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Discrete parts manufacturing produces individual items such as windows, 
doors, floors and walls and is the most common production system used in 

dustrialized house-building. 
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ering specifications. 
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The production process and the material planning and control management 
system can be designed to meet the requirements of the type of market being
serviced (Vollman, Berry, and Whybark 1992). There are three production 
methods that can be used to handle market demands, the production proces
for finished goods or product options offered to customers: make-to-orde
(MTO), assembly-to-order (ATO) and make-to-stock (MTS) (Vollman, 
Berry, and Whybark 1992). An MTO approach supports a wide variety of 
custom designed products, involving the use of engine
S
 
There has been a focus on supply chain concepts ever since an integrated 
view of markets, production and materials management was proposed (Porter 
1987, 43-59). Another term for ‘supply chains’ is ‘value streams’ (Wo
al. 1990). Supply chain management and the view that it consists of 
integrated processes has b
P
 
The supply chain is a network of organizations that handles materials, 
information and services. The network manages the links between suppliers,
links that have similar characteristics to supply, transformation and demand.
Supply chain management has been used to describe the logistics activities 
and the planning and control of materials of suppliers, as well as the flow of 
information internally within
(C
 
A supply chain, or a relationship to suppliers, is an alternative organiza
form of vertical integration (Figure 8) (Hines 1994) and addresses the 
purchasing and supply perspective (Farmer and Ploos van Amstel 1991). 
Another way of integrating is to buy either suppliers or customers. The two 
fo
 
Horizontal supply chain management involves the cooperation of both 
competing and non-competing companies between separate supply c
rather than between companies in the same supply chain (Figure 8). 
Collaboration in such a chain is an area that has not been described in th
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Figure 8 Vertical and horizontal networks. An illustration and definition of 
vertical and horizontal supply chain collaboration {{295 Björnfot, A. 211;}}. The 
figure is reproduced by permission Anders Björnfot. 

3.1.1 The Purchasing Process 
Purchasing is an integrated part of the production process. The view of 
purchasing has changed from an administrative function, subsidiary to the 
production process (Dobler 1990), into a strategic and central role in the 
company resource base (Porter 1998). The administrative view focused on 
five ‘rights’: the right price at the right time with the right quantity and the 
right quality from the right supplier (Leenders et al. 1997). 
 
The purchasing process consists of six activities (Figure 9) (Van Weele 2009): 

‘Determine the need’ is the initial process step when the company 
has to decide what to buy, thus defining the production capacity and 
related requirements 
‘Selecting the supplier’ involves choosing one or several suppliers 
based on the level of legal responsibility the company has for a 
supplier, pricing strategy and number of suppliers available 
The ‘Negotiate’ phase allows the company to agree on a good price  
The ‘Specify terms’ phase deals with the legal aspects of the contract 
between the company and the supplier(s) 
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‘Issuing the contract’ happens only after the contract has been 
agreed upon 
‘Follow-up’ is a documentation process that allows for an evaluation 
of the supplier to be conducted 

Figure 9 The purchasing process. A process description of purchasing based on 
{{218 Weele 2009;}} 

3.1.2 Purchasing in Industrialized House-building 
One approach suggested for improving construction performance is 
industrialized construction (Koskela and Vrijhoef 2001, 197-207). 
Industrialized construction as industrialized house-building are concerned 
with constantly reducing process variations through standardization (Alves, 
Tommelein, and Ballard 2006, 341-353), using prefabrication and 
modularization techniques (Lennartsson and Björnfot 2010, 17-29) and 
minimizing the spread in process tolerances (Höök and Stehn 2008, 20-33). 
By using these methods, companies lower costs, reduce waste, reduce lead-
time and improve the quality of their products. 
 
Industrialized house-building can be described as Make-to-Order. A house-
building process starts with the design phase. This process converts the needs, 
wishes and desires of a client into clear requirements which will be 
communicated to the industrialized house-builder (Jansson 2010). The 
outcome from the design phase is the most influential to a project as many 
decisions have to be made during this phase. 
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The engineering and design phases are closely followed by the purchasing 
phase (Yeo and Ning 2002, 253-262). A house-building company begins to 
procure project equipment and construction materials upon receipt of 
engineering drawings, specifications and other relevant documents (Yeo and 
Ning 2002, 253-262). The main purchasing activities include sourcing, 
purchasing, contracting and materials management. 
 
A traditional approach to purchasing, which was developed in the early 
nineteenth century, continues to dominate the way in which construction 
clients and their advisors act. This approach is characterized by short-term, 
conflicting relationships, fragmented processes and clearly defined functions 
and roles (Saad, Jones, and James 2002, 173-183). 
 
The industrialized house-building companies work with long-term 
agreements and use a material call off mechanism within these contracts to 
secure the supply of materials with the risk of having to pay a higher price for 
them (Bildsten 2011). One way of working with long-term relationships is 
supply chain collaboration. 

3.1.3 Small Businesses and Purchasing 
Small and medium-sized companies are a heterogeneous group, so, as with 
large companies, they exhibit similarities and differences (Miller 1983, 770-
791). 
 
Small and medium-sized companies often operate under uncertain market 
conditions and, whilst that uncertainty may be easier to handle for large 
companies, small and medium-sized companies benefit from having a better 
understanding of their goals, strategies and actions, and how they work. Small 
firms usually integrate ownership, management and control into one position 
held by the owner/manager, implying a simpler and more effective decision-
making process. This allows a small firm to operate more flexibly than a 
larger firm, which is often hindered by formal plans, expectations from 
external shareholders, and a more complex decision-making process 
(Ylinenpää 1997). 
 
The control of a small and medium-size company is overseen by a small 
number of people, which matches the simple informal structure and decision-
making policy of the company. Because the administrative department is very 
small, the company enjoys flexibility that gives it a major competitive 
advantage The way of working of these companies tend to be short-term, 
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focus on operations and be more intuitive than based on analytical data 
(Miller 1983, 770-791).  
 
Stage gate evaluation, where the process is divided into stages separated by 
decisions that are based on the information available, is often described as 
necessary for product development, although smaller companies do not 
normally employ this method. In smaller organizations, some ideas may reach 
the introduction stage without having been evaluated using a rigorous stage 
gate process. (Pitta 2008, 416-419). 
 
At times of increased uncertainty in the market, a small firm is more likely to 
use its flexibility as a competitive weapon. This flexibility is characterized by 
a more reactive decision-making style and informal planning, often created 
by emergent rather than deliberate strategies (Ylinenpää 1997) Since small 
and medium-sized companies do not have a complete picture of the market, 
their decision-making processes often depend on their perception of the 
trading environment; this makes their supply chain network even more 
important to them (Marchesnay 1998). 
 
Many small businesses are affected more than large companies by their 
contextual setting i.e. institutions and regulations affect small businesses to a 
greater extent than large companies (Covin and Slevin 1989, 75-87). There is 
also a risk that small businesses will be dependent on others in the supply 
chain and the contextual strategic situation is complex, since SMEs seldom 
lead the development in a particular business area (Marchesnay 1998). 

3.1.4 Value in Purchasing 
A buyer expects that the supplier will meet their specification for the 
products, match the five ‘rights’, and will also add value to the transaction. 
Value, as a theoretical concept, seems to be both ambiguous and vague, as 
the term itself can be viewed from many different perspectives, as described 
in detail in Paper I. 
 
The conclusion of Paper I is that added value also consists of five elements, 
not to be confused with the five ‘rights’: price, waste reduction, product 
quality, function and design. The empirical results demonstrate that different 
actors (represented by a client, a contractor and a supplier) do indeed have 
different opinions on what constitutes ‘value’. 
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One way to define value from a supplier perspective is to communicate and 
integrate with the buyer. In practice, ‘value’ is ambiguous because actors 
generally value different things and these views seldom converge during 
projects. The process output should be something that the customer is ready 
to pay for and thus value has been added. Once a company has decided what 
constitutes customer value, it can start to reduce the activities that do not add 
value and thereby improve its productivity. 

3.2 Collaborative Product Development 
Product development can either focus on an internal or an external 
collaboration, but the difference is more to do with the type of contract 
between the owner and the supplier than the physical location of the 
collaboration (Del Rosario, Davis, and Keys 2003, 242-246). This means that 
one of the key factors for developing successful collaboration is to create an 
environment that enables the exchange of information and enables an 
effective workflow.  
 
Supply chain collaboration has been described as collaborative planning, 
forecasting and replenishment (Barratt 2004, 30-42). The industrialized 
house-building company faces a make-or-buy decision (figure 3) which can 
be made together with the suppliers by using collaborative product 
development as an innovative purchasing method. Once the buyer and the 
supplier have agreed on the product and the areas of responsibility by talking 
to each other rather than the buyer solely defining what they want, the buyer 
can make call offs based on the agreement instead of using the purchasing 
process (Van Weele 2009).  
 
Supplier collaboration from a product development perspective raises issues 
regarding information exchange and the lack of collaboration guidelines 
makes it likely that companies do not exploit the full potential of their 
suppliers (Culley 1999, 59). Collaborative product development has been 
shown to be an evolutionary process that provides a way of reducing both 
development time and organizational risk within the information and 
technology industry sector but one study also showed that there is an 
immediate risk of underestimating the barriers to collaboration (Bruce et al. 
1995, 33-44). 
 
Collaborative product development has its origins in integrated product 
development, concurrent engineering, collaborative engineering and 
simultaneous engineering. It is defined as the point at which two or more 
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companies within a supply chain decide to collaborate on a product 
development as mutual partners (Elfving 2004).  
 
There are some risks associated with collaborative product development. One 
is the risk of losing control of the process resulting in increased costs and 
missed deadlines (Bruce et al. 1995, 33-44). There is the risk of losing 
sensitive information to a third party and there can also be problems with 
different management styles and budget processes (Littler 1995, 16). This 
means that a poorly designed collaboration project can make the 
development even more costly. 
 
To manage the process of cooperation between different organizations, 
supporting methods and tools are needed. Communication between the 
organizations involved is crucial (Quinn 2000, 13-28), as is the way the 
process is organized, building a foundation of trust, the requirement 
specification and a product development process that can be changed 
depending on the requirements or what phase the project has reached 
(Elfving 2007). The dependency between product, process and purchasing is 
connected to the product life cycle and the specification of the product 
(Elfving 2004). This means that the organizations involved need a coherent 
view of these aspects of the process. 

3.2.1 Barriers for Collaboration 
Supply chain management and purchasing are closely connected to 
communication (Large 2005, 426-444). The management of collaboration 
requires communication between different organizations. The mutual sharing 
of information is necessary to implement a supply chain management 
philosophy successfully (Mentzer et al. 2001, 1-25) and frequent information 
sharing is the basis of effective supply chain management (Bechtel and 
Jayaram 1997, 15-34).  
 
Interpersonal communication is the most important skill required by 
purchasers to allow them to perform efficiently (Giunipero and Pearcy 2000, 
4-13) and communication can be described as “the glue that holds together a 
channel of distribution” (Mohr and Nevin 1990, 36-51)p.36. There is a 
positive correlation between communication quality and a good supplier-
customer relationship (Mohr and Spekman 1994, 135-152). 
 
It has been stated that the role of communication is an important factor in the 
success of supply chain collaboration (Tuten and Urban 2001, 149-164). 
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Communication is a key issue when the objective of the purchasing processes 
is to transfer ideas and information to other organizations to facilitate a new 
method or philosophy. The purchasing process must use the communication 
channel not just for its own benefit but must choose a method of 
communication that suppliers can understand.  
 
The role of communication in industrialized house-building has been shown 
to be important to the supplier-contractor relationship, both in the 
purchasing phase and the production process (Cigen 2003). 
 
In industrialized house-building, the sheer number of actors coupled with the 
complexity of projects makes the information fragmented (Cigen 2003). This 
fragmentation makes communication more difficult since all the parties do 
not have all the information. 
 
Even though it has been suggested that increasing the amount of information 
could improve this situation (Forsman , 100) and that a reduction in 
insecurity increases the need for information (Daft 1986, 554) , it is not self-
evident that more information will lead to better collaborations. It is argued 
that when organizations seek clarification, problem definitions and agreement 
through an exchange of subjective views and opinions, an action defined as 
equivocality, it is more important for the information to be rich than to be in 
large quantities (Daft 1986, 554). 
 
More information is not always the solution because the human capacity to 
handle rich information is limited and greater amounts of information may 
make the collaboration even more difficult to manage. Therefore, other 
measures such as direct contact and group meetings can be useful to clarify 
the collaboration structure (Levander 2010). 
 
A new collaboration method may end up with participants not knowing 
what questions to ask in order to increase the amount of information they 
have i.e. one must define the questions (resolve equivocality) before one can 
find the answers (reduce uncertainty) to the questions (Levander 2011, 753). 
 
Finally, if there is no history of supply chain collaboration, the likelihood is 
that the level of mistrust and misunderstanding will increase when the buyer 
or suppliers try to implement a new method that has not been tested before. 
Therefore, a new method can also be met with suspicion until the actors 
have understood and verified the new method. 
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Hence the collaboration in an industrialized house-building environment 
with small businesses, where few actors have an understanding of the 
method, is characterized by both uncertainty and equivocality. In addition, 
the environment for collaboration is characterized by process variety and 
product complexity, causing fragmentation among multiple actors. 

3.3 Process Productivity 
Process productivity is a complex term, used both by practitioners and 
researchers in the construction context as interchangeable with terms such as 
efficiency, effectiveness and performance; where the term is used but there is 
no clear definition, its meaning can be realized from the context in which the 
term is found (Polesie and Felderhoff 2009). 
 
Productivity is defined as the value of goods manufactured divided by the 
amount of input labor (Taylor, 1911). This definition is still valid and is still 
often used (Polesie and Felderhoff 2009). However, the input can also 
include capital assets, which often have a greater value than the materials and 
energy used by industrialized house-building companies. The output can also 
include services. This simple definition (as shown in Figure 10) is used to 
build a model of analysis. 
 

Figure 10 The productivity model. The basic view of productivity maintained 
since the industrial revolution {{241 Polesie 2009;}}. The figure is reproduced by 
permission of Pim Polesie. 

Increasing productivity is important to the managers and decision-makers of 
industrialized house-building companies since productivity measures are 
closely linked to use of the resources that, in turn, are connected to their 
financial accounts in the form of machines and buildings. It is important to 
either increase sales with the same fixed assets or reduce the cost per unit 
produced. This differs from traditional house-building where the fixed assets 
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are not as large and the productivity is closely linked to how much resource 
such as personnel or machine time can be charged for. 

3.3.1 Process Performance 
A predictable outcome from the process is important because it is closely 
linked to factory utilization. Any decision to change the supply chain needs 
predictability and low variability as elements in the risk analysis of the 
decision-making process. The process improvement measurements are 
presented in detail in Paper II. 
 
The conclusion of Paper II is that the performance of a supply chain process 
can be described by lead time, inventory or operational costs. Lead time is 
measured as the time from when an input enters a process until it exits i.e. 
the time needed to produce an output of acceptable standard. Inventory is 
defined as the stock level or the input that the project needs to transform into 
the output. Operational costs are the costs connected to the transformation of 
input to outputs such as wages, rental of machines and other resources and 
overheads. 
 
In a normal process, an optimization of any of these three parameters will 
lead to an increase in the others; hence, we have a potential for sub-
optimization. By considering the whole system and only by reducing all three 
parameters or maintaining two whilst reducing one will improve the system.  
 
Lead time, inventory and operational costs are actually a transformation of 
financial terms used to optimize the results: increasing net income whilst 
simultaneously maximizing return on investment and increasing cash flow 
(Olhager 1993, 67-78). 

3.3.2 Implementing Process Improvements 
Process improvement according to ‘Lean’ often follows continuous 
improvement (Kaizen) or radical change (Kaikaku) strategies (Imai 1986). It 
has been shown that the use of a continuous improvement strategy by an 
industrialized house-builder using stepwise problem solving can be successful 
(Meiling 2010). 
 
Paper III describes in detail how having a standardized process in a defined 
production system as a part of a supply chain is a crucial prerequisite for 
implementing process improvement strategies. 
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The conclusion of Paper III is that, in the absence of a known and 
standardized process, process improvement requires process mapping to be 
undertaken in order to define the key problems to address, before deciding 
on what improvements to measure i.e. performance measurement. The final 
steps would be to design and implement the new process with appropriate 
methods, which are then based on validated empirical data. 
 
For the managers and decision-makers of industrial house-building 
companies, a prediction of the future state of the market is essential to protect 
the fixed assets discussed in this section. Improving productivity means 
improving the relevant processes.  
 
Process improvement often starts with the mapping of the process. There are 
several methods for mapping processes and a discrete event simulation that 
enhances the value stream mapping for a supply chain for use when designing 
a new process has been described in Paper III. 

3.4 Synthesis and Model of Analysis 
The purchasing theory and interfaces to the other, previously described, 
theories are synthesized in this section. The results are synthesized from Paper 
I and Paper III to contextualize into theoretical implications and combining 
these into a model of analysis. 

3.4.1 Synthesis 
The purchasing process used by industrialized house-building companies is 
affected by the context. It has been shown, as discussed, that there is a need 
for an alternative strategy for purchasing by industrialized house-building 
companies since their fixed assets, on the balance sheet, are dependent on a 
steady flow of transactions. This is different to a traditional house-building 
process where the invoicing is dependent on the individual utilization of each 
billable resource.  
 
The supply chain should not be fragmented since the industrialized house-
builders are dependent on low process variation and reliable deliveries rather 
than a high degree of flexibility. Thus, off-site production needs the supply 
chain to be less fragmented and more long-term, meaning that the 
industrialized house-builders need to secure relationships with the supplier 
rather than choosing the supplier who offers the best price for the current 
project. The industrialized house-builders need a collaborative method of 
purchasing. 
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Collaborative product development is a strategy well suited to small business 
since it involves the sharing of resources in order to attain an outcome that is 
greater than the sum of its parts. 
 
However, collaborative product development has weaknesses, termed 
‘barriers’. These barriers are hindrances to an efficient purchasing process. 
One barrier include that small companies do not have the resources for 
collaborative product development projects. Other barriers withhold that the 
legal contracts do not support collaborative processes, and that the level of 
maturity in ‘industrialized thinking’, such as the ability to have a product 
view, differs between participating companies. 

3.4.2 Paper I: How is Value Defined? 
Paper I presents a study in which the ambiguity of term ‘value’ is discussed. 
The different actors in the industrialized house-building supply chain have 
different perspectives on value. The client will value different things than the 
contractor or the industrialized house-builder or component supplier. 
 
The main findings from paper I are that in practice ‘value‘ is ambiguous 
because actors generally value different things and these views seldom 
converge during projects. The results indicate that the actors involved strive 
for value individually. Analysis using utility theory allows the actors to 
establish a shared conceptualization of value, in the paper expressed in 
monetary terms.  
 
This means that if the focus, and thereby what actors value, is on one-off 
buying and finding the lowest price, the process will not support the supply 
chain collaboration. The legal contracts that support the collaboration need 
to provide the process with a framework and long-term agreements. The 
contracts also need to define the way in which development costs are 
distributed. The traditional legal methods applied to procurement, so deeply 
rooted in construction culture, will also act as a barrier. 
 
This means also that the different perspectives can change over time. The 
level of maturity or immaturity in ‘industrialized house-building thinking’ 
among the participating companies will affect how the actors are able to see 
the overall process in a business where project orders are predominate. One 
way of defining value, according to paper I is to use the product definition. 
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A mature process and product view that is shared among the partners will 
support a common ground, helping to tackle the different problems that will 
arise during the collaborative product development project. 

3.4.3 Paper III: Small Companies, Small means 
Paper III presents a method that includes validating process improvement 
strategies, as an outcome from value stream mapping, with discrete event 
simulation before implementation is performed. Value stream mapping is a 
process mapping tool. Value stream mapping, as many ‘lean’ tools, lacks the 
ability to analytically predict the effects on the improved supply chain 
performance.  
 
This can cause confusion when the managerial decisions need validation of 
the improvement strategies, often in monetary terms, before implementation. 
Another issue, handled by the simulation enhanced method, is that value 
stream mapping assume a deterministic process when the supply chain system 
components should be modeled as random variables, since random variation 
in demand or lead-time can have a major influence of the performance of the 
Supply chain.  
 
The need for validation before changing processes becomes even more 
important for the small industrialized house-building company. First of all 
these companies needs to evaluate processes before implementing since their 
fixed assets, on the balance sheet, are dependent on a steady flow of 
transactions. Implementing a new process could increase process outcome 
variation. 
 
The second reason is that small industrialized house-building companies do 
not have the slack in resources needed for developing new products as a 
venture. These companies need to save their resources for real projects that 
will lead to real orders. Small companies do not have the resources necessary 
for running productive product development projects. 
 
A development project needs to have people who know details of the system 
and have the authority to make decisions. The project also needs resources in 
order to be able to execute the activities and thus achieve its objective, which 
is often difficult for small companies. 
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3.4.4 Model of Analysis 
The industrialized house-building supply chain process consists of producing, 
buying and selling material to the client. Information flows in the other 
direction along the chain (Figure 11). This model only considers the 
purchasing aspect of the process, not the production. Process productivity 
(Agrell and Wikner 1996, 401-411) is used to show how the value stream is 
affected by barriers to collaboration, both in the flow of material downstream 
and the flow of information upstream.  
 
The model of analysis (Figure 11Figure 1) shows the supply chain in an 
industrialized housing context as a process transforming inputs into outputs. 
Information flows from customer to supplier through the industrialized 
house-building company. Suppliers deliver products, which are shown by the 
supplier interface in the model. The interface can consist of one or more 
suppliers. 
 
Products have value added to them by the industrialized house-building 
company and delivered to clients. The client is represented by the customer 
interface. The flow of information along with the customer’s requirements 
are passed from the client to the industrialized house-building company and 
then forward to the supplier. 
 
Barriers for collaboration seen in the industrialized house-building context 
are: 

The lack of collaborative product development process capabilities and 
capacities for small companies  
Legal contracts does not support collaboration 
Immaturity in ‘industrialized house-building thinking’ 

 
The lack of collaborative product development process capabilities 
and capacities for small companies means that there is a need for 
resources that cannot be totally occupied with daily operations. It means also 
that the actors involved need capabilities, such as competence and 
understanding, for project management in general and for collaborative 
product development particular. Issues are: 

How does the project need to be organized 
What resources does the project need 
How are the project members communicating 
What are the time constraints 
What method for collaborative product development should be used? 
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Legal contracts does not support collaboration means that there are 
barriers that are connected to the construction environment and how 
companies in these setting normally do business. 
 
A final barrier in the model is the degree of immaturity in 
‘industrialized house-building thinking’. This means that companies 
need the same perspective on what products are and that products might be 
different from the building project. Are they one-off and unique, or are the 
house-building processes repetitive and the same even though the building 
can be unique?  

Figure 11 A model of analysis for the case study. Barriers identified in the 
literature are illustrated as jagged lines 

The relation of the output to the input provides a measure of productivity 
that a company can use, such as total cost, or, lead time.” or “as total cost or 
lead time, both of which are relevant when using a make-to-order 
manufacturing strategy. The model is used to analyze how the different 
barriers in the two case studies of collaborative product development affect 
the potential to improve productivity in the purchasing process.
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4 Results 
The results chapter includes empirical results from both the first and the 
second case studies. Empirical data are presented in the form of a short 
description of the company designated as project owner in both cases and 
thereafter the results are presented.  

4.1 The Supplier Interface - the First Case Study 
The first case study involved a collaborative product development project 
owned by an industrialized house-building company. The company invited 
eight strategic suppliers (Table 2) that they knew well to participate in a 
product development project for a new model of house.  
 
Prerequisites for this model of house were that it should be “standardized, 
cheap and easy to erect”. The concept was created by the CEO and 
production manager. Their idea was to offer small contractors a pre-built 
house which these contractors could then finish the interior of themselves for 
their own client. The small contractor would be the house-building 
company’s customer.  
 
The CEO strongly believed that, in this way, the small contractor could free 
up resources for their customers. Small construction companies have a 
problem during the summer months when production capacity used for short 
repair projects can be tied up if they undertake one or two house-building 
projects. When this happens, there is a serious impact on cash-flow.  
 
The house-building company studied had been started by the owners of a 
construction company a few years earlier. For some years, the owners had 
believed that if they could manufacture off-site components then the 
productivity of a house-building project on-site would increase. The 
construction company built individual family houses for insurance companies 
and multi-storey houses from concrete for their own local real estate 
company; they also developed projects for not-for-profit municipal housing 
associations in the north of Sweden.  
 
The owners had a strong belief that if the company could use industrial 
methods for planning and manufacturing they would increase their profits. 
They would also be able to move personnel from the construction company 
to the house-building company during winter months and pre-fabricate 
components for use in the busy summer months.  
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Table 2 Participant companies. Company information from 2008 (UC allabolag AB ) 

Company Time trading 
on market 

Net Sales 
(MSEK) 

No of 
employees 

Net 
Margins 

Industrialized house-
builder3

< 5 years 46 30 1 % 

Bathroom pod supplier > 15 years 275 200 9 % 
HVAC and electrical 
installation contractor 

> 15 years 32 25 2 % 

Heating boiler and 
system supplier 

> 15 years 181 101 14 % 

Windows and patio 
doors supplier 

10 years 11 10 4 % 

Door supplier > 15 years 34 18  1 % 
Truss Supplier > 15 years 30 24 8 % 
Roof metal plate 
supplier 

> 15 years 77 29 5 % 

Construction material 
(timber, gypsum board 
etc.) supplier 

> 15 years 475 148 6 % 

 
During the first three years, the company manufactured make-to-order 
deliveries. The main parts of the deliveries were individual family houses for 
larger construction companies that developed whole areas. The deliveries 
consisted of: 

wall elements (outer load-bearing, inner load-bearing, apartment 
dividers, room dividers) 
floor elements (for residential and non-residential buildings) 
technical drawings of floor and wall layouts, particularly for areas such 
as bathrooms and where walls joined 

 
A typical project consisted of 10-40 houses, delivered as wall and floor 
elements with the windows and doors already assembled. The house-building 
company had started to standardize these solutions in what they called “The 
Building System”. However, the predefined solutions were rarely used.  
 
The company always came in late in the client design phase and had to issue 
a tender based on architectural drawings. These drawings were created by 

                                      
3 The company is owned by a general contractor company. 
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architects who had no knowledge of the building system because, during the 
design phase, it was not known which supplier of wall elements would win 
the contract. The purchasing method used by the large contractors was a 
traditional construction tendering process (see 3.1.1 Purchasing process). 
 
The house-builder used the same procedure for their purchasing. Once the 
architectural drawings had arrived from the customer, the request for 
quotation documentation was copied and sent to the house-builder’s 
suppliers. Normally, the production manager would select up to four of their 
best known suppliers to request quotations from. The date that suppliers had 
to return their quotations was a week before the house-building company 
awarded the tender. 

4.1.1 Product development project organization 
The choice of suppliers by the industrialized house-building company was 
based on their geographical location being close to the house-building 
company and the trust built up with them during previous projects rather 
than on financial considerations or size. A big part of the decision was based 
on the fact that the CEO of the industrialized house-building company 
“knew the owners well”. 
 
All the suppliers (table 3) agreed to participate, even though none of them 
had participated in product development project, but agreed, during the first 
workshop, that it would be a “good idea to test”. The companies normally 
followed a traditional design phase of construction and purchasing. 

Table 3 Project Organization. Project members and their organizational roles. 

Company Position 
Industrialized house-builder CEO 
Industrialized house-builder Production Manager 
Industrialized house-builder Engineer 
Bathroom Pods Development Manager 
HVAC and electrical installations CEO 
Heating boiler and system Sales Manager 
Windows, patio doors CEO 
Doors Production Manager 
Trusses CEO 
Roof metal plates CEO 
Roof metal plates Engineering Manager 
Construction material CEO 
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There was no formal project organization even though the CEO of the 
house-building company appeared to own the project. No one really knew 
who the project owner was, and this was not explicitly stated to the suppliers. 
Development of tasks seemed to grow organically and soon the project was 
organized around some in-house functions (Table 4). 
 
The heating boiler and system supplier’s sales manager, and the supplier of 
roof metal plates’ engineering manager started to investigate how solar panels 
could be used in the solution. 
 
The bathroom pod supplier and engineer from the industrialized house-
builder, along with the heating boiler and system supplier and sales manager, 
investigated how the technically complex areas such as the kitchen, the 
combined boiler room/wash-room and toilets could be prefabricated in the 
same way as the bathroom pods. All these groups (Table 4) were supposed to 
report their progress at the next meeting: they did not. 

Table 4 Project sub-groups. The Groups that were formed during the project and the 
group their output 

Functional 
area 

Group members Project 
meetings 

Output 

Roofing Industrialized house-
builder, Roof metal 
plates supplier 

0 Draft roof lay-out 

Solar Panels Roof metal plates 
supplier, Heating 
boiler and system 
supplier 

2 Prototype bracket 
for solar panels 

House frame Industrialized house-
builder, Window 
supplier, Architecture 
student, Bathroom 
pod supplier 

1 Initial draft 

Technical 
areas 

Heating boiler and 
system supplier. 
Bathroom pod 
supplier 

0 Draft lay-out  

Windows Industrialized house-
builder, Window 
supplier 

0 Draft bathroom 
pods design 
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No formal contracts were established for the project or the collaboration. 
The CEO of the house-builder raised a question at the second workshop 
about the collaboration: 
 
“Should we create a new company around this house model and call it Kalixstugan 
where we could take joint responsibility for the financial results?” 
 
The question was not answered by any of the other CEOs at the meeting and 
the question was not raised again. During the coffee break, one of the 
participants stated that: 
 
“We do not know anything about selling and building whole houses – how are we 
supposed to assume responsibility when we only know a part of the whole project?” 
 
The companies were well aware of each others’ activities despite the fact that 
several of them had never collaborated before. Initially the meetings were 
driven by either the CEO or the production manager of the house-building 
company, but later on in the process, more of the group members expressed 
their opinions during the work-shops, but would not contribute ideas or 
report on their progress. 
 
The CEO of the HVAC supplier stated during an interview that there was 
too much time spent on discussing walls, windows and doors; the HVAC and 
electrical installers did not have any relevant input to the meetings: “15 
minutes at the most”. Usually, only a part of the customer’s specification is 
sent to the HVAC supplier and the business is protected by the contractor.  
 
According to the HVAC CEO, ‘protected’ means that a contractor would 
not let the HVAC supplier communicate directly with the client, in order to 
keep the terms of the deal and the profit margins of the project secret. The 
contractor could be concerned that if the client learnt where to buy HVAC 
systems from, they would bypass the contractor the next time. The CEO 
stated: 
 
“The reason for this behavior is either fear or incompetence. There is also an issue 
about power. The contractors want to keep the control and power over the relationship 
with the customer during the tendering phase and some contractors become really angry 
if the HVAC contractor tries to find out what the customer really needs, since it might 
lead to a higher project cost. Most contractors think that there should be a hierarchy in 
the business where the contractor is on the top.” 
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The same issue was raised during an interview with the CEO of the window 
supplier where she stated that: “the contractor does not want us to contact 
the architect to discuss window solutions since the contractor perceives the 
architect’s solutions as unnecessarily complicated”. 

4.1.2 Project Communication 
The communication in the project was either conducted verbally during 
workshops, brainstorming sessions and project meetings or via e-mail 
between the meetings. The number of e-mails shows the level of 
commitment and level of communication in the project (Table 5). 

Table 5 Communication. E-mails sent during the collaboration project 

Company Number of e-mails % of total amount 
Industrialized house-builder 68 49 
Window supplier 41 29 
Roof metal plates 17 12 
Heating and boiler supplier 9 6 
HVAC supplier 3 2 
Bathroom pod supplier 2 1 
Door supplier 0 0 
Truss supplier 0 0 
Construction material 0 0 
  
The project did not formalize what software to use for drawings, documents 
or spreadsheets. The standard for most of the companies is Microsoft office 
for documents and spreadsheets. AutoCAD is used by the industrialized 
house-builder and the bathroom pod supplier for drawings and the engineer 
made PDFs for the other parties when drafting the house model. 

4.1.3 Collaborative Product development method 
Initially there was no formal method for collaboration rather an idea that the 
suppliers would participate in the development of a new model of house and 
thereby ensure that they would deliver parts for that house without having to 
follow the traditional purchasing process. This would mean that the 
component suppliers would trade their competence for a part of the 
development work in exchange. The objective was to have a house ready in 
October 2009. 
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During the third workshop, the project group was trying to find a common 
method of working and a conceptual model was developed (Figure 12) for 
the collaboration. 
 
The model is described as a ‘waterfall’ model, where the next step should not 
begin before the previous one has been completed; it is based on a practical 
handbook for creating customer value written by (Lindstedt and Burenius 
1999). This style of model from the handbook was proposed by the 
production manager. During workshop 4, he waterfall model was followed 
and the question of cost came up. The CEO of the window supplier asked: 
“How much should the house cost”? The group came up with a number of 
13 000 SEK per square meter including sales tax (VAT), but this cost was not 
broken down into its component parts. 
 
The cost was stated by the CEO of the house-building company and then he 
asked each of the participants to make a calculation of the cost of their 
component and bring that cost to the next meeting. The price was not based 
on any market analysis or research, just on the experience of the CEO in 
house-building. The next workshop only discussed the house model and 
none of the suppliers had brought their cost estimation. No one, not even 
the CEO of the house-building company, asked for any cost estimations. 

 

Figure 12 A method for product development. The circles show on what 
workshop each activity was discussed. 
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4.1.4 Time Constraints 
The project started in January 2009 and ended in December 2009. Figure 13 
shows the level of participation during the meetings. All members were 
invited to all the meetings. It was clearly stated that the project members 
should work on their specific tasks between meetings but they did that very 
rarely. 
 
Some project members never came to any of the meetings or contributed to 
any of the progress but were not excluded from the project. It is worth 
noting that the construction material supplier, who is the number one 
supplier in respect of volume (SEK/year) to the industrialized house-building 
company being studied, did not participate in any meetings (Figure 14); 
neither did the truss supplier or the door supplier. The manager from the 
door supplier said: 
 
“If we are to sell one door to one house the profit is gone after our first meeting if we 
drive by car about 150 km to participate” 
 

Figure 13 Time and participation. Participation (%) during the project 
activities. 
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Participation started to decline and no activities, either by one of the 
companies or in executive meetings, were carried out during the last four 
months. The project was considered closed by the end of 2009. The house-
builder, window supplier and bathroom pod supplier continued a project 
together to develop a regional model for the house. They also delivered and 
erected what they called the Kalixstugan at the end of 2010. 

Figure 14 Commitment. Company participation during the project of total 5 
workshops 

4.1.5 Legal Contracts that Support the Collaboration 
There was no defined method for procurement neither was there agreements 
that would support collaborative product development; however, as the 
CEO of the house-building company stated during the fourth workshop: “all 
suppliers should create a cost calculation based on the house model draft”. 
Neither the formal calculation method nor the agreement method was stated. 
 
Since no detailed discussion about a long-term contract had taken place, it is 
reasonable to assume that the suppliers had assumed a traditional cost 
calculation using a tendering process where the house-builder would consult 
with their other suppliers 
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4.1.6 Product and Process View 
The main characteristic of this product is that it was complex and did not 
exist prior to the project start-up. This is why there was a large effort to 
produce this brand new product. The project group formalized a definition 
of the product during the fourth workshop after it became obvious that the 
house would not be ready in October as initially planned: 
 
“The group has decided and committed, as a first step, to create a product, a house 
model, that costs 13 000 SEK per square meter including sales tax and consumes 70 
kWh/m2 for heating. The volume is planned for one house per week. The process 
should be led by the house-builder but all the project participants are obligated to 
proactively share their competence and suggest solutions. In this way, the group will 
make money and develop each business. In the second step the house should consume 
50 kWh/m2. An objective is to create a digital drawing to be presented on 17th 
March in Kiruna”4

 
The project members usually discussed their own projects, since each order 
was a unique product that usually required some customization. Conversely, 
the bathroom pod supplier and the heating boiler and system supplier were 
used to industrial manufacturing where there is less customization of products 
and they pushed for the project group not to agree to customize of the final 
solution if asked to. This was not stated in either the objective or the product 
description. 

4.2 Customer Interface - the Second Case Study 
The second case study involved a collaborative product development project 
owned by a timber component supplier. The company is a saw mill, founded 
in 1944, that made a strategic decision in 2010 to increase the production of 
value added components for the industrialized house-building sector. The 
objective is to offer components to the market by the end of 2013 and for 
these products to be a major source of revenue: 

Planed and sawn components 
Processed timber components including precut, drilled and milled to 
fit their customers’ building systems 
Industrial surface treatment of timber components with pre-fabricated 
base and finish painting 
Wall and floor elements in timber for individual family houses and 
multi-storey houses 

                                      
4 A quotation from the minutes from meeting 4 

 48 



 Results 

Trusses 
Sawn timber roof sheet with pre-fabricated painting and sarking felt 

 
The timber component supplier has developed relationships with two house-
building companies (Table 6) over a long period of time. Both of the house-
building companies invited the timber component supplier to participate in 
the tendering process for simple timber products, but over time the 
component supplier has explicitly stated that they want to develop products 
for these house-building companies. 
 
The idea was to develop an existing product with the industrialized house-
builder, and to develop a different existing product with another house-
builder and a wall element supplier, but also to investigate how a totally new 
product might be developed. 

4.2.1 Product Development Project Organization 
The project members were introduced to the idea of collaborative product 
development during separate meetings: the industrialized house-builder at 
one workshop and another house-builder and the wall element supplier at 
another workshop. 

Table 6 Project Organization. Company information for 2010 (UC allabolag AB, 
2011 ) 

Company Time trading 
on market 

Net Sales 
(MSEK) 

No of 
employees 

Net 
Margins 

Timber component 
supplier 

< 50 yrs 201 50 0 % 

Industrialized house-
builder 

> 25 yrs 419 147 0 % 

House-builder (ltd.) > 50 yrs. 9 136 2 043 10 % 
Wall element 
supplier 

> 5 yrs. 36 22 4 % 

 
The house-building companies were aware that the component supplier 
delivered to both of them. It was even explicitly stated, by the buyers, that it 
was beneficial for both companies if the component supplier was involved in 
the development of both projects so they could bring experience from one to 
the other (Figure 15). 
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Two formal collaborative product development project organizations were 
set up consisting of project groups from all the companies. The customers, as 
listed in Table 7, brought a product specification and a list of requirements 
that were not currently met by any suppliers or products in the market. 
 
The contractual basis for the collaborative product development projects in 
both cases was a framework agreement in which the industrialized house-
builder and the house-builder committed themselves to buy timber based 
products from the component supplier. With the wall element supplier there 
was a third-party agreement where they agreed to buy from the component 
supplier but the price and terms were negotiated with the house-builder. 

Figure 15 Model for the second case study. A conceptual model of the 
collaborative product development projects with component supplier as the 
common denominator. 

Table 7 The collaboration project. Project members and their 
organizational roles. 
Company Position 
Component supplier Marketing Manager 
Component supplier Production Manager 
Industrialized house-builder Purchasing Manager 
House-builder Category Manager for wood products 
Wall element supplier Factory Manager 
Wall element supplier Purchasing Manager 
 
Based on these formal contracts, rules were created for how the collaborative 
product development project should be managed. The house-builders would 
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be the project owners and the component supplier’s sales manager would 
assume the project manager role, meaning that he would call project 
meetings, coordinate minutes of meetings and follow-up progress. There 
were three project groups (Table 8). 

Table 8 Task teams. Groups that were formed during the project and their output 

Product Group 
members 

Project 
meetings 

Output 

Lifting pole Component 
supplier, 
industrialized 
house-builder 

3 Process description 
Product description 
Drawing 

Precut timber packed 
in a assembly order for 
infill walls 

Component 
supplier, Wall 
element 
supplier 

5 Process description 
Call off template 
Order confirmation 
template 
Packaging instructions 

Underlay roof with 
roofing felt 

Component 
supplier, 
House-
builder 

3 On-site test and 
evaluation 
Prototype 

4.2.2 Project Communication 
The communication during the project was either verbal during workshops 
and project meetings, with documented minutes of those meetings, or by e-
mail between the meetings. The number of e-mails is shown in Table 9 The 
preferred communication method, stated explicitly, was verbal either during 
meetings, face-to-face or on the telephone. 

Table 9 Communication. E-mails sent during the collaboration project 

Company Number of e-mails % of total amount 
Component supplier 76 73 
Industrialized house-builder 12 11 
House-builder 7 6 
Wall element supplier 11 10 
Total 106 100 
 
The project did not formalize what software to use for drawings, documents 
or spreadsheets. The standard used by most of the companies was Microsoft 
Office for documents and spreadsheets. AutoCAD and DDS Huspartner were 
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used by the industrialized house-builder and the wall element supplier; the 
house-builder only used AutoCAD. Drawings were shared in PDF format. 

4.2.3 Collaborative Product Development Method 
The method of collaboration involved all parties actively exchanging 
information and process knowledge by visiting each other’s production sites. 
Each party would finance their own project-related costs such as travel or 
development of internal processes, be they for ICT support, modification of 
machines or process changes. 
 
There was no structured model developed for the collaborative product 
development project. From a task list that defined each step, the project tasks 
grew organically. When reporting completed tasks to the project manager, 
new tasks would then be assigned and followed-up. The task lists consisted of 
the following headings: 

System interfaces: how would the products be connected to each 
other 
Prototyping: who would make the first prototype, where it would be 
sent, how it would be tested 
Issues: questions and unsolved problems from the prototyping phase, 
that needed to be further analyzed or developed by each partner 
Logistics: how would logistics be handled at the receiving site, how 
would the products be picked and packed, what is the state of the 
order processing workflow, how should forecasting and production 
capacity planning be conducted, what documents must be produced 
ICT integration: how would data about the product be handled 
between different ICT systems as a result of different data formats 

 
No common objective was defined in either of the collaboration projects; 
however, targets were set up (Table 10) but they were not communicated 
explicitly between project members. 
 
Value chains for both the lifting pole and the precut timber packed in 
assembly order for infill walls were process mapped using Value Stream 
mapping. This gave a basis for finding improvements to the supply chain 
process and to help the different companies understand each other’s 
operations better.
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Table 10 Objectives. Different actors objectives the for projects 

Product Component supplier 
Objective 

Customer Objective 

Lifting pole 
(Industrialized house-
builder) 

Single source supplier 
Call off 4 weeks before 
delivery 
Standardized product 
CAD/CAM integration 

Standardized process 
without quality defects 

Precut timber packed in 
assembly order for infill 
walls 
(Wall element 
manufacturer) 

Single source supplier 
Call off 4 weeks before 
delivery 
Standardized product 
CAD/CAM integration 

Increase throughput by 
25% without increasing 
inventory or personnel 

Underlay roof with 
roofing felt 
(House-builder) 

Single source supplier 
Industrial manufacture 
of roofing felt all year 

Minimize time on roof 
for carpenter 

4.2.4 Time Constraints 
The project ran from June 2010 to September 2011. Figure 16 shows the 
number of meetings and workshops. The members were invited to the 
meeting or workshop relevant to them. The project members were also 
supposed to work on their specific tasks between meetings. 
 
Project members always participated in the meetings and the workshops they 
were invited to i.e. the level of participation was 100 %. The number of 
meetings varied over time and between groups.  
 
The product for the industrialized house-builder was tested in September 
2011 with some changes to the process description required. These changes 
were reported to the industrialized house-builder immediately. The wall 
element supplier had only ordered about 20% of the agreed volume of timber 
components from the component supplier at the end of the project. The 
house-builder tested the product and added the product to their wood 
product catalogue at the end of the project. 

 53 



 Results 

Figure 16 Commitment. Number of project meetings and workshops in 2011. 

4.2.5 Legal Contracts that Support Collaboration 
The basis for the legal contracts relating to the collaborative product 
development project between the timber component supplier and the 
industrialized house-builder was a framework agreement, where the prices 
for the products were laid out in one document. Development costs were 
shared between the parties as previously described.  
 
This meant that the industrialized house-builder would not start a tendering 
process for one of their projects after developing a product collaboratively 
with the timber component supplier. This does not, however, mean that the 
timber component supplier can raise the prices. In fact, the industrialized 
house-builder will compare the prices on the open market at the end of each 
agreement period, which range from two to three years. 
 
The house-builder used a framework agreement where the prices for the 
products were laid out in one document. Each project could then make call 
offs based on that agreement. During the tendering phase, the house-builder 
negotiated with multiple suppliers and once that phase was complete, an 
agreement was reached with the timber component supplier. Development 
costs were shared between the parties, as previously described. This meant 
that the house-builder would not start a tendering process for one of their 
projects after developing a product collaboratively with the timber 
component supplier. 
 
The wall element supplier makes the call offs based on the contract 
negotiated by the house-builder but they assume the responsibility for 
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ordering the right quantity at the right time which does not impact the 
framework agreement.  

4.2.6 Product and Process View 
The products are simple products (Table 11) defined by technical descriptions 
of the work and material required (AMA) (Svensk byggtjänst, 2009). The 
AMA books are a collecting of books where the work and material described 
are basically standard materials and job descriptions for electrical work, 
house-building activities, sheet metal work and the like. 

Table 11 Products. Three different products in the collaborative product development 
projects 

Product Described in AMA Additional 
specifications 

Lifting pole The base material is 
described in AMA, but 
the product is 
specifically for the 
industrialized house-
builder 

Drawings and tolerances 

Precut timber packed in 
assembly order for infill 
walls 

The base material is 
described in AMA 

Lengths and cut angle 

Underlay roof with 
roofing felt 

Base material described 
in AMA but it is not a 
general component that 
can be “bought off the 
shelf” 

No 

 
During the interview, the purchaser for the house-builder stated that: 
 
“The house-builder has worked for a long time with product standardization.” 
 
According to the purchaser, the house-building company had already defined 
the materials that are supposed to be used for both multi-storey housing and 
individual family dwellings; they had also defined how integration should be 
achieved, that is, how windows and doors etc. are connected to the walls.  
 
The house-builder had also decided on the sizes of the modular components 
to use for apartments. This product standardization affected their view of the 
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project, which led them to focus on the process even though the project 
viewpoint has been pre-dominant. The central purchasing department was 
the driving force behind this work. 
 
During the workshop held at the site of the wall-element supplier, it was 
stated by the participants that they were working with a process view and 
looking at each project as an order, not as a project: “The project name is 
only a collection of orders delivered to a specific address”. According to the 
location manager, they needed resources for adjusting the sizes of some 
products and producing their production drawings. The location manager 
had an idea: 
 
“…that we should do the opposite to everybody else since they are doing something 
wrong” 
 
The industrialized house-builder had not started by defining the product 
standard but had started from a process perspective and tried to standardize 
the processes (Jansson 2010). The standardized processes led to the 
standardization of the products (Meiling 2010). However, the lengths of 
poles are not standardized as a product.
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5 Analysis 
The theoretical framework was used to construct a model of analysis as 
illustrated in Figure 11. The cross paper-analysis was conducted based on that 
small industrialized house-building companies collaborative product 
development process has barriers. 
 
Barriers to collaboration in the small industrialized house-building context 
are: 

The lack of collaborative product development process capabilities and 
capacities for small companies  
Legal contracts does not support collaboration 
Immaturity in ‘industrialized house-building thinking’ 

5.1 The Lack of Collaborative Product Development Process Capabilities and 
Capacities for Small Companies 

The organization of the project can be seen as critical since both case studies 
show that the scheduling of resources and time is crucial in order to achieve 
the objectives. The results of the first case study imply that the new product 
to be produced by collaboration was interesting for the actors; however, if a 
project does not establish a project plan, as in this case, the likelihood of 
losing resources as the project continues, increases. In the second case study, 
the organization was formalized and the deliverables were defined. These 
factors affected participation, which differed greatly between the first and 
second case study. 
 
However, there was a clear difference in the resources between the 
companies in the two case studies. All of the companies involved in the 
second case study were at the upper end of the scale for small businesses, 
except for the house-building company, a large company. In the first case 
study, a large number of the companies were small business with few 
employees and thus whose resources were harder to release to a development 
project (Table 2). 
 
This cannot, however, be the sole explanation of the commitment shown by 
companies to the project since one of the most active companies was the 
window supplier from the first case study. It was the smallest employer with 
the lowest net operating margin.  There seems to be, therefore, other issues 
that make that supplier more committed to the project than the others. 
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In the first case study, where both the product and the method of production 
were new, the need for face-to-face meetings to discuss and evaluate the 
current situation was apparent. There needed to be questions answered such 
as what are we doing and why are we doing this, and what are the possible 
outcomes? By asking questions and describing the solutions a mutual 
understanding and consensus of what problems to tackle would have resulted. 
The suppliers were intimidated by the new method and did carry out 
‘business as usual’. 
 
In the first case study, it seems that ideas were not exchanged outside the 
workshops which could explain why commitment and participation declined 
as the project progressed.  
 
The companies in the second case study were already familiar working with 
non-traditional purchasing methods and were developing fairly simple 
products. Therefore, it might not have been as important to meet as often. In 
addition, the customers and both the industrialized house-builder and the 
house-builder, were used to collaborating within framework agreements. 
This meant that the situation was not as unusual as in the first case study.  
 
The number of participating companies differed greatly between the two case 
studies. It is clear that managing a project with more participants is more 
difficult since the complexity of the communication increases and the 
logistics of sharing a meeting with many people slows things down. The 
project from the first case study could have been driven forward by the 
industrialized house-building company if they had taken ownership of the 
project rather than asking the suppliers: what do you want?  
 
In the first case study, many of the companies were not used to working with 
ICT tools but rather with faxes and paper drawings. Often when there are 
few resources available and participants are not used to working with 
advanced collaboration tools, the actual amount of collaboration can be 
reduced even if there is the intention to participate. 
 
Both case studies did, however, involve products that were not totally new to 
the market and so this cannot fully explain the reluctance of either group of 
participants to set a deadline. The first case study set a deadline after the third 
workshop. Since the project group was not aware of what activities to carry 
out before the deadline, it had no meaning. The deadline was delayed and 
eventually forgotten. 
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In the second case study, tasks were set deadlines after a while but these 
deadlines did not cover the whole project. Deadlines could be in the form 
“…before the next meeting someone should carry out something” and 
followed up at the next meeting.  In the second case study, as the project was 
owned by the customer, it was more difficult for the supplier to set a deadline 
leading to the supplier stating requirements, something that is not common 
in the house-building sector. 
 
The lack of a collaboration method in the first case study shows that it is 
crucial to ensure there is a process of producing a common strategy and 
objective for all the companies in the collaboration. Creating a brand new 
product requires a whole new model of product rather than simply 
modifying an existing one. An early involvement of all the participants in the 
collaboration is important, along with some sort of structured collaboration 
channel or tool. 
 
Neither of the case studies had a formal procedure for collaborative product 
development even though the first case study created one in order to progress 
the project. Formal procedure is difficult with some small companies since 
they have few resources. A formal procedure often means more bureaucracy 
and most small companies feel that they do not have the time or resources to 
handle that. 

5.2 Legal Contracts Does Not Support Collaboration 
In the first case study, it was implied that the cost calculation phase was based 
on a tendering process for each house delivered, since the CEO of the house-
building company stated that the members should make a cost calculation. In 
the second case study, there was a framework agreement which made the 
supplier more willing to admit weaknesses and ask for clarification. Extra 
barriers can be added if a small company feels that the customer has the 
power of changing the supplier, making the supplier more reluctant to discuss 
problems it might be experiencing and thus hindering improvement of the 
process. 
 
A small company also suffers from a lack of resources that means that sharing 
them is often at the expense of using them in other phases of the project such 
as tendering. A small business cannot afford to have personnel at meetings 
that do not lead to more business; such personnel better serve the business by 
being in the office, managing quotations and orders. This can make small 
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businesses reluctant to participate in meetings, something that became clear in 
the first case study. 
 
In the second case both of the buyers worked with medium-ranged, one-
three years, framework agreements with their suppliers. Both of the buying 
companies also showed that there is a great loyalty from the companies 
regarding these agreements which made the supplier comfortable. Even 
though the price for components probably was lower in the second case it 
was compensated with higher volume and real orders which made it easier 
for the small companies to participate. 
 
The purchasing method should support a long-term relationship. A long-
term relationship does not imply that the supplier is protected from 
competition, quite the opposite. However, it is the suppliers’ job to show 
how the productivity of the process can be increased during the agreement 
period by, for example, reducing costs or defects. 

5.3 Immaturity in ‘Industrialized House-building Thinking’ 
The first case study did not have a clear definition of the product or the 
intended market. The project was in an early phase, which could provide an 
explanation. However, since the group did not agree on one product, it was 
impossible to continue the development process. Another explanation is that 
the participating companies were not familiar in this situation. They are used 
to view each delivery as unique and one-off rather than looking at the 
process as repetitive. 
 
By comparison, in the second case study, the product was clearly defined 
even though it was a new product. In addition, the customer was present at 
all times and both of the house-building companies had a product strategy 
based on a process view. Both of the customers in the first case study had 
worked with the standardization of processes for more than 10 years. 

5.4 Summary 
The framework identifies the need for securing a reduction of the barriers to 
a collaborative product development project. Reduction of these barriers can 
be made by creating a mutual collaboration method, defining project 
objectives, such as time and expected results, as well as creating channels for 
communication with the actors. The collaboration should be facilitated by 
formal project agreements, as well as use of a clear dialog. It is also important 
when selecting the participating actors. 

 60 



 Discussion and Conclusions 

6 Discussion and Conclusions 
The finding from the analysis is presented with implications of the research; 
its validity and possibility of generalization. 

6.1 Conclusions 
It can be argued that collaborative product development supports the 
purchasing process in small and medium-sized industrialized house-building 
companies. Both theoretical and practical results back up this position. 
 
Three research questions were presented in the introduction chapter; these 
research questions have been answered partly by carrying out a literature 
review and partly by examination of two case studies. The research questions 
and corresponding conclusions and discussion are as follows: 
 

How do small and medium-sized industrialized house-building 
companies purchase products? 

 
Industrialized house-building companies purchase products as they 
traditionally do in the construction context. However the industrialized 
house-building supply chain should not be fragmented since it is more 
dependent on low process variation and reliable deliveries rather than a high 
degree of flexibility.  
 
This means that the industrialized house-builders need to secure relationships 
with the supplier rather than choosing the supplier who offers the best price 
for the current project. The industrialized house-builders need a collaborative 
method of purchasing.  
 

How can small and medium-sized industrialized house-building 
companies develop products collaboratively? 

 
Small industrialized house-building companies can use collaborative product 
development as a purchasing strategy to make a make-or-buy decision 
together with the supplier. However in order to understand how the method 
can be applied the final questions needs to be answered. 
 

How does the construction environment affect the purchasing for 
small and medium-sized industrialized house-building companies? 
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The construction environment can hinder the use of collaborative product 
development as a purchasing strategy. Barriers for collaborative product 
development are: 

The lack of collaborative product development process capabilities and 
capacities for small companies  
Legal contracts does not support collaboration 
Immaturity in ‘industrialized house-building thinking’ 

 
The organization of the collaborative product development project, or the 
lack of it, can make it hard for the participating organizations to be aware of 
what is expected to be their input into the development project. If 
participants do not know what is expected of them it is likely that they will 
behave in their normal manner, i.e., looking at traditional purchasing and 
reacting thereafter. 
 
Effective project communication requires tools for communication. 
Drawings and documents need to be able to pass through different systems 
without losing data. For communication to be effective, the project members 
need to meet regularly in person, which means resources, thus difficult for 
small companies 
 
Time constraints affect whether already strained resources remain in the 
project and change the relevance of questions that are asked throughout the 
process. At the beginning of the project, the focus is on novelty, creativity 
and processes, but by the end the focus has shifted to production issues, 
modifications and process deviations, which means resources, hence difficult 
for small companies 
 
The selected collaborative product development method can act as a barrier. 
Without a method project members would not know what to do, which is 
wasting resources from a small company perspective. With the wrong 
method for that project members may be hindered by the bureaucracy that 
then ensues. 
 
A formal contract covering the project organization, or a common 
agreement of what the project should deliver, can reduce the barriers by 
stating what expectations each of the participants have of the project. If there 
is formalization of the objectives and structure of the collaboration, with the 
rewards and benefits of being part of it made clear, there is a greater 
likelihood that a project member will understand what is expected of them.  
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The project member can then make an informed decision as to whether to 
participate or not. 
 
Actors have different and diverging views on products and processes since 
the construction industry does not have a broad consensus on the need for 
products. The results of this study highlight the need for close collaboration. 
Suppliers are likely to be more dependent on fewer buyers and the 
transparency inherent in the relationship makes it easier for the buyer to 
question alterations in deliveries as well as see the relationship between cost 
and supplier efficiency, and overall profit margin. Therefore, a consensus on 
the definition of a product and process view needs to be established by all of 
the actors involved before there can be a successful collaboration. 
 
The likelihood of succeeding with a collaborative product development 
project is dependent on how the barriers affect the outcome (Table 12). In 
these two case studies, the degree of success can be determined by evaluating 
the product development projects for the following criteria: were the project 
objectives met, did the project produce a product or a prototype, did the 
product go into production and what are the current relationships between 
the actors in the project? 

Table 12 Outcome of collaborative product development projects 

Measurement The Supplier 
Interface 

The Customer 
Interface 

Meeting project 
objectives 

No Yes 

Product as an outcome 
of the project 

No Yes 

The supply chain is 
producing the 
developed products 

No Yes 

Relationship regarding 
the product 

Informal Formalized 

The first case study did not meet the project objectives even though the 
objectives were changed at one point during the project. The second case 
study did achieve the clearly stated objectives. The objectives of the second 
case study were more concise and precise but the product was more complex 
than that being developed in the first case study.  
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Currently, the companies observed in the second case study is producing the 
products and there is a framework contract for the products but the 
companies in the first case study do not produce any products, despite a 
project involving two models of houses being delivered in 2011. 

6.2 Conclusion validity and Possibility for Generalization 
The research questions and answers support the position that collaborative 
product development can enhance the purchasing process for small 
industrialized house-building companies. However, the results do not 
conclusively prove or disprove the idea that collaborative product 
development can be used by small industrialized house-building companies.  
 
There are barriers, but when handled appropriately, the method can increase 
outcome of the purchasing process. Any analysis that focuses exclusively on 
barriers will only tell part of the story, and a simplistic model, as used here, 
could decrease the reliability of the analysis. By analytical triangulation of the 
two case studies and the theoretical framework, its validity has been 
strengthen 
 
The theoretical framework is bounded by small and medium-sized companies 
within industrialized house-building and is viewed from a supply chain 
perspective. The model of analysis is created for this context and that might 
weaken its possibility to generalize the findings. However, the analysis shows 
that it is reasonable to think of different barriers disturbing the flow of 
information, thereby disturbing the flow of material and even the purchasing 
process. 
 
The case studies were, however, different from each other in some aspects 
even though both used collaborative product development as the unit of 
analysis. In each case study, the client differed in size, a factor which probably 
affects the client/buyer behavior. For example, it is likely that companies 
with smaller resources are more reluctant to participate actively.  
 
The first case study was exclusively a new product development but in the 
second case study only one product was completely new. The other two 
projects were modified versions of existing products. Further, the first case 
study looked at the unit of analysis from a supplier interface perspective 
whilst the second case study investigated the customer interface by looking at 
the model of analysis. The different perspectives strengthened the analysis and 
the argument since the barriers were identified in both studies; however, 
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because they were linked to different factors, it is difficult to state how 
significant and dependent each may be. 
 
The external validity could have been strengthening by analytically 
triangulating archival documents relating to building regulations and 
construction contractual law rather than using a case study regarding the 
effect of the construction environment. 
 
The analysis could have been undertaken from the viewpoint of trust or 
power and the material and information flow could have been described from 
an operations management perspective instead of from a supply chain 
management perspective. Further theoretical validation supported by 
empirical studies is required to obtain a deeper understanding of the barriers 
and the ways in which they are interrelated.  

6.3 Future research 
Further research into the application of purchasing and collaborative product 
development in the industrialized house-building and construction context is 
required. Elfving (2004) shows a dynamic model where time on market will 
affect what processes needed to be developed between the buyer and the 
supplier. This could be applied to the model presented in this thesis.  
 
Furthermore, the idea that regulations, rules and policies can be barriers that 
affect the whole sector is interesting. The significance is that since the rules of 
Swedish construction are developed by large companies and large clients and, 
given that the small businesses cannot affect the legislation, the rules might be 
biased. The research is also motivated by the actors developing the rules 
represents traditional construction, which is different from industrialized 
house-building. 
 
In addition, research aimed at identifying practical methods for collaborative 
product development in construction is warranted: a significant limitation of 
the method discussed in this paper is its reliance on a model which is not 
readily applied in practice.  
 
Finally, this method needs to be investigated how the different capabilities of 
various small companies can affect the outcome of collaborative product 
development.
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THE AMBIGUITY OF VALUE 
Jarkko J. Erikshammar1, Anders Björnfot2, and Viktor Gardelli3 

ABSTRACT 
‘Value’ is a central concept in all of the principles and methods applied in Lean 
Construction, but it is rather difficult to provide a precise definition of the term. The 
problem lies in the word value itself: its ambiguity and vagueness make theorization 
difficult. This paper investigates the philosophical concept of value from a Lean 
Construction perspective. Several elements that contribute to value are considered, 
including objective elements such as waste reduction, quality, price and functionality, 
and more subjective elements such as design. 

The hypothesis of this paper is that the reduction or removal of elements that 
detract from value, such as waste and costs, is not the only means by which value may 
be increased. The Sorites paradox is used to form a cohesive perspective on some 
different meanings of the word ‘value’. One of the known ‘solutions’ of the paradox, 
utilization theory, is then explored through a case study in off-site construction that 
illustrates how different actors in the construction process view value, and how utility 
theory can be used to provide a consensus on value that is acceptable.  

In practice, ‘value’ is ambiguous because actors generally value different things 
and these views seldom converge during projects. Our results indicate that the actors 
involved strive for value individually. Analysis using utility theory allows the actors 
to establish a shared conceptualization of value, expressed in monetary terms. The 
work described in this paper aims to improve our understanding of value and of how 
to design products in construction to improve value for clients of industrialized 
housing.  

KEY WORDS 
Lean Construction, Value, Product, Philosophy Sorites paradox.  

INTRODUCTION 
Several efforts have been made to define the concept of value in Lean Construction 
(Salvatierro-Garrido et al, 2009; Bertelsen and Koskela, 2004, Kelly et al., 2004). 
Two main issues have been identified. The first has to do with the logical grammar of 
the term ‘value’, i.e. there seems to be an inadequate conceptualization of production 
which has led to imprecise concepts such as value (Koskela, 2004). Secondly, the 
metrics commonly used to define value do not seem to capture all of the attributes that 
are valued by the customer (Salvatierro-Garrido et al., 2009).  

Waste reduction is a measurable value metric pursued by the Lean Construction 
community (e.g., Taylor and Björnsson, 2002, Josephson and Saukkoriipi, 2003, 
Höök, 2006). One reason for this is of course that waste is measurable. This approach 
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has been criticized since it implies that reducing waste will always result in more 
value. Other ways of increasing or improving value are rarely discussed at all since 
they are difficult to measure and, consequently, difficult to understand. 

However, even if waste reduction is the dominant way of improving value in 
Lean, there are certainly other ways that value can be managed. One approach is to 
focus on quality issues, or defect reduction, as in TQM. The impact of poor quality on 
value has been described by e.g. Saukkoriipi (2004). The impact of project control 
and supply chain control on value has also been investigated, with an emphasis on 
costs and earned-value (Kim and Ballard, 2000). Finally, some academics have made 
an effort to describe value generation in terms of capturing and describing 
functionality or clients’ requirements (Leinonen and Huovila, 2000). 

In construction design, the architect is the carrier of the clients’ value. During the 
design process, the architect manages intangible attributes on which different actors 
will place different values. Emmit et al (2004, 2005) have suggested that these can be 
captured by value design, in which collaborative creative workshops are used 

In light of the various perspectives on value discussed above, it is clear that the 
term value is subjective and therefore ambiguous. In this paper we present the utility 
theory, originating from the Sorites paradox, as a means of removing the ambiguity of 
the term value in construction. 

The hypothesis of this paper is that the reduction or removal of elements that 
detract from value, such as waste and costs, is not the only means by which value may 
be increased. Instead we argue that the term value, as a whole, can be conceptualized 
and applied in practice using a philosophical method. First the context of the term 
value is defined within Lean Construction and then the Sorites paradox and utility 
theory are discussed. In addition, empirical results consisting of interviews with 
construction practitioners are used to verify the philosophical solution. To conclude, 
the significance of using a philosophical approach to a known problem and future 
research is discussed.  

THE VALUE CONCEPT – A CONTEXTUAL OVERVIEW  
Some concepts are straightforward: either you have a Ph.D. degree or you do not. 
Other concepts, such as ‘being funny’ or ‘being tall,’ are less straightforward: one can 
be funny in the sense of being amusing (cf. “John Cleese is a funny guy”), and one 
can also be funny in the sense of being strange (cf. “Forrest Gump is a funny guy”). 
Forrest Gump might be hilarious, but he is not comical, while John Cleese is. This 
shows that the predicate ‘funny’ is ambiguous. On the other hand, while the 
qualitative meaning of ‘tall’ is obvious, it is not clear exactly when ‘tall’ begins to 
apply: is someone who stands 1.80 m ‘tall’? If not, how about 1.90 m? This indicates 
that ‘tall’ is a vague concept, involving boundary issues; there seem to be gray-zones 
where it is unclear whether the concept applies or not.  

Value, as a theoretical concept, seems to be both ambiguous and vague, as the 
term itself can be viewed from many different perspectives.  

VALUE IN CONSTRUCTION 
The discussion on value within the Lean community mainly originates from Womack 
and Jones (2003) who state that value is the overall objective of any production 
system and describe the paradigm with what they call the Lean principles; Specify 
Value, Identify the value Stream, Flow, Pull, and Perfection.  
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Bertelsen and Koskela (2002) use the Transform-Flow-Value to define value in 
construction. The TFV model suggests that construction should be understood as the 
generation of value for the client. Value is generated by a process that forms a 
workflow of transformation performed by the contractor under a contractual 
arrangement. Koskela (2004) analyzed the five Lean principles and their theoretical 
deficiencies, and concluded that the common conceptualization of ‘production’ is 
inadequate, and that this has resulted in an imprecise definition and concept of the 
term ‘value’ that focuses on product delivery from a production point of view. 

Value in construction has also been discussed by Christoffersen (2003) who states 
that the perception of value is individual and personal, i.e. it is subjective and will 
change over time. This was supported by Salvatierro-Garrido et al. (2009) who 
suggest that in the past, value in construction was defined primarily monetary, but that 
recently it has also come to be defined in terms such as function, cost and quality.  

Product Offer Theory (Björnfot and Stehn, 2007) represents another perspective 
on the intangible nature of value. In this case, the product’s technical platform 
requires the client to lock their options; “value is specified by specific product for 
specific customers, which enables stability.” 

Classification of value being either internal or external (Emmit et al, 2005, 
Björnfot and Stehn, 2007) even when considered in relation to the value creation 
process as a whole rather than the project is valuable in many situations but does not 
necessarily describe the elements of value. 

Lean Construction members have advocated an expanded definition of the term 
‘stakeholders’ that extends beyond project group members to encompass the whole 
construction process, and potentially even society as a whole (Ballard 2006, Kelly et 
al, 2004). The question raised is “value for whom?”, and the conclusion is that each 
actor has their own definition of value, which is subject to change over time.  

Value as Waste Reduction 
The Lean Construction has focused heavily on waste reduction and consequently, the 
concept of value has been transformed to something it is not (Arbulu and Tommelein, 
2002, Alwi et al 2002). However, value cannot be achieved solely through waste 
reduction (Salvatierro-Garrido et al 2009). The key is to understand the customer’s 
perception of value and strive for that. Once the value flow has been decided, waste 
reduction can start. An unduly heavy emphasis on waste reduction could even become 
counterproductive, with low inventory or a lack of productive capacity leading to 
supply chain disruptions. Consequently, value cannot be achieved through waste 
reduction alone: 

Value ≠ Waste Reduction 

Value as Quality 
Quality management has traditionally sought to achieve customer satisfaction through 
process control and defect reduction. In recent years, its definition has expanded 
somewhat to encompass capturing customer satisfaction in relation to customer needs 
(Bergman and Klefsjö, 2010). In this way, customer satisfaction can be related to the 
quality or value delivered to the customer. The ideas behind lean production are in 
harmony with total quality management (Bergman and Klefsjö, 2010); defect 
reduction needs a defined process, that can be measured, and that aims to reduce or 
eliminate variation by treating each deviation as an opportunity for improvement. As 
is the case with waste reduction, a system that places excessive emphasis on reducing 
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process variation may be counterproductive in terms of increasing value. Hence, the 
reduction of process variation or defects is not the only way to increase value:  

Value ≠ Variation Reduction 

Value as Price 
According to Salvatierro-Garrido et al. (2009), value cannot be described in monetary 
units alone. It has, however, been suggested that value can be added by increasing 
stakeholder value, either by reducing the price charged to the customer or by reducing 
the producer’s costs (Vaidyanathan, 2003; Lindfors, 2000). Risk reduction is a key 
objective in supply chain management because disruptions of the supply chain are 
costly. By reducing activities, or risks, costs can be minimized in order to increase 
value. Costs can be lowered further by reducing buffers and operational costs or by 
increasing throughput. Hence, decreasing costs is not the only way to add value:  

Value ≠ Cost Reduction 

Value as Function 
Clearly stated functional requirements reduce client uncertainty by providing 
unambiguous definitions of both the functionality of the object and the customer's 
requirements (Lennartsson et al, 2008, Nam Suh, 1998). However, the reduction of 
uncertainty does not confer value in and of itself: the object may be better defined 
according to the product offer theory, but that does not explain how or why different 
stakeholders assign different values to the same functional requirements:  

Value ≠ Uncertainty Reduction 

Value as Design 
Emmitt et al (2005) discuss the importance of focusing on value early in the design 
process, and argue that it can be enhanced by efficient communication and 
cooperation between the client and the other stakeholders. Classically, the architect's 
job is to translate the client's needs and visions into a realisable set of plans and 
concepts; design thus plays a central role in value creation. The intangible elements of 
value in construction relate to the Vitruvian values - Beauty, Functionality, Durability, 
Suitability, Sustainability, and Buildability (Emmitt et al., 2005). Architects 
qualitatively capture intangible values through e.g. material samples and prototypes. 
Good design must pay equal attention to all of these intangible elements: beauty 
without function is not good design, and so we can state that 

Value ≠ Design 

On the basis of the reasoning above, we can conclude that value cannot be understood 
simply by considering one individual element such as waste reduction. Instead, value 
should be seen as the sum of its various elements since each actor values each element 
differently (Figure 1). Thus, value is created through the combination of all of the 
elements discussed above. This can be illustrated using a mathematical function: 

Value = ƒ(Waste | Variation | Cost | Uncertainty | Design)  
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Figure 1: Value illustrated as a sum of the individual elements. 

SORITES PARADOX 
The Sorites Paradox is a paradox of vagueness. The paradox, first stated in 700 B.C, 
takes the form of an argument with two seemingly uncontroversial premises that yield 
a paradoxical solution: 

(1) A collection of 10 billion grains is a heap 

(2) Removing 1 grain does not cause a heap to cease to be a heap. 

(3) Hence: A collection of two grains is a heap. 

By iteration, the 10 billion grain heap can be reduced to a ‘heap’ of two grains, which 
most would not consider to be a heap. Several solutions to the Sorites paradox have 
been suggested (Hyde, 2008); we focus on a pragmatic solution called weak 
conventionalism (c.f. Giedymin, 1982), which sets aside the deeper problem of 
determining the ‘real’ truth in favour of establishing a group consensus on the matter 
(c.f. Quine, 1981). This approach can be used to deal with the problem of the 
ambiguity of value. Hence, we suggest that the various actors in the construction 
process should collaborate and strive to understand one another’s priorities in order to 
establish a collective working definition of value. 

Utility Theory 
If this proposed definition of value is to be applied in practice, it would be beneficial 
to be able to measure the different elements of value on a single scale, so as to 
conveniently determine how much emphasis the different actors place on any given 
element. For instance, one might wish to determine the relative importance of costs 
and design to each actor. This can be done using von Neumann-Morgenstern utility 
theory (Resnik, 1987; von Neumann & Morgenstern, 1947). Suppose that you present 
a client with a plan for a building, on which it would be possible to make one of three 
different improvements: superior waste reduction, fewer defects in construction, or 
enhanced functionality. Suppose he prefers functionality to waste reduction, and 
waste reduction to defect reduction. We want to know how much more, in order to 
know what monetary value to assign to the different options. Utility theory suggests 
that we can use hypothetical lotteries to answer this question. 
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Suppose that the client would be indifferent between reducing Waste on the one 
hand and on the other hand a lottery with a 75 % chance of reducing Uncertainty and 
a 25 % chance of reducing Variation. Then we assign the utility-numbers to the 
options as follows: 1 to Uncertainty, 0.75 to Variation and 0 to Waste. Hence, we can 
assign numerical values to the different options and by iteration we can assign 
monetary values to each possible alternative. This can be used both within Design to 
find out e.g. how much a certain client would value one façade over another, but also 
to find the balance in weight assigned to Design in comparison to some other 
attribute. 

METHOD 
A qualitative case study focusing on the product development process was conducted, 
whose design and analysis was based on the approaches discussed in the preceding 
section of this paper; the sources of the data analysed are shown in Table 1. The 
process was led by a Swedish off-site timber construction company. The company 
produces detached dwellings for leisure and for single- or family-occupancy; the 
dwellings are constructed using pre-fabricated elements that are assembled on-site. 
The construction company invited eight suppliers to collaborate in the design and 
production of single family housing for the B2B market. Rather than using a 
traditional approach to development, the idea was to collaborate, i.e., the suppliers 
were to become part of the product development process and design input was 
provided by architects and potential clients. It was anticipated that collaboration 
would lead to a better housing design and a more efficient supply chain. 

 Table 1: Sources of data obtained during the product development process. 
Data collection Number 

Interviews 12 

Group Interviews 7 

e-mail 1358 

RESULTS AND ANALYSIS 
The product development process was conducted during a series of joint meetings, 
supported by the authors. However; the project ran into a number of early problems. 
The first product developed by the group seemed to have no value for the client, and it 
rapidly became apparent that the group did not have a well-defined target customer 
for their product. The project team then decided to use a product development method 
used by small companies, but quickly became troubled by the price of the new design. 
The technique of target costing was tried, but as it was unfamiliar to many of the 
participants, it did not prove useful. These problems led the group to consider 
questions of value, such as “Who is our client and what do they value?” and “How 
can we incorporate these values into our design?” The project group began to lose 
focus, and the contractor decided to slow down the development. 

Interviews with clients made it clear that the market valued different things in the 
tender phase than did the producer. It also became apparent that production personnel 
tended to ignore input from the design process, presuming that features intended to 
add value would only serve to increase the cost of construction. The production 
personnel also tended to consider design input to be vague and difficult to understand. 
The suppliers did not seek to play an active role in the design process, and were 
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content to sit back and wait for an order to produce, which is the way they are used to 
working in traditional construction. 

Using the theory outlined in the preceding sections together with the empirical 
data collected, an analysis was performed using utility theory and the composite 
model of value illustrated in Figure 1. Utility theory was used to determine the 
monetary ‘value’ of Design to each actor, as this is the only element whose ‘value’ is 
not easily specified in monetary terms. On the basis of the empirical data, it is 
possible to define three archetypical actors in the value creation process; the self-
righteous client, the mean contractor, and the structured supplier, all of whom 
prioritise different elements of value. For example, the client may wish to secure his 
long term investments, while the contractor would tend to focus more on his short 
term economical gains from each project. 

THE SELF-RIGHTEOUS CLIENT 
The stated primary desire of the self-righteous client is to obtain a defect-free product. 
The client’s project manager is an old school site manager who knows that while costs 
do not vary much, contractors tend to take short-cuts when it comes to quality. He 
considers himself to have an extensive knowledge and is keen to bargain and haggle.  

Using utility theory, we sought to evaluate the client’s true desires by means of a 
lottery, weighing various elements of value against quality improvements. After 
iteration, and having assigned utility numbers we could state that the actual priorities 
of the self-righteous client value are as follows (illustrated in Figure 2):  

Cost > Variation > Design >  Uncertainty > Waste 

Similarly, the lottery can be used to determine the monetary value of design to the 
client; no such procedure is required to determine the monetary value of the other 
elements, as their costs are readily evaluated.  Therefore we can relate design to cost 
by stating that (where 1 and 2 symbolizes any numerical value): 

(1) Design > Uncertainty > 1 AND Design < Cost < 2 

(2) Hence: 1 < Design < 2 

THE MEAN CONTRACTOR 
The mean contractor is primarily interested in costs and time. He needs to deliver the 
project on time even if the architect is late in delivering the plans. He knows that one 
thing design is good for is that it can always be used as a bargaining chip when 
negotiating the contractually-acceptable level of the job. After some iteration and the 
assignment of utility numbers, the elements of value prioritised by the contractor were 
ranked as follows (Figure 2): 

Cost > Waste  > Variation  >  Uncertainty > Design 

As was done with the client, a hypothetical lottery was used to assign a monetary 
value to design. The structured supplier (Figure 2) and other actors in the construction 
process emphasise other elements of value. Using similar reasoning and procedures to 
those described above, it was determined that the supplier is most keen on waste 
reduction. Of course, because value is subjective in nature, other clients, contractors, 
and suppliers will prioritize different elements of value. 
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Figure 2: Exemplification of the emphasis placed by the archetypal actors on the 
different elements of value. 

DISCUSSION & CONCLUSIONS 
We argue that the reduction or removal of elements that detract from value, such as 
waste and costs, is not the only means by which value may be increased; this position 
is supported by both theoretical and practical results. Our theory identifies five 
different elements that contribute to value, while the empirical results demonstrate 
that different actors (exemplified by a client, a contractor, and a supplier) do indeed 
have different opinions on what constitutes ‘value’. However, the results do not 
conclusively prove or disprove the hypothesis. The analysis shows that it is 
reasonable to think of the overall ‘value’ of a project as a multivariable function of the 
different elements of value. Therefore, any analysis that focuses exclusively on one 
element will only tell part of the story. However, further work is required to obtain a 
deeper understanding of the elements and the ways in which they are interrelated.  

If a project is to be successful, it is important that every actor involved obtain 
some form of value from it. In construction projects, value is often something that is 
not gained during the process, but is instead accumulated by other means such as 
extra work. Actors do also value different things and their views seldom converge 
during projects. The Lean Construction promotes close collaboration; however, 
results show that the actors involved strive for value individually. Therefore, the 
establishment of a consensus definition of ‘value’ to all of the actors involved is a 
necessary prerequisite for successful collaboration. Such a consensus can only be 
established by removing the ambiguity in the meaning of ‘value’, which necessitates a 
method for placing monetary units on the more qualitative and subjective elements 
that contribute to value, such as design. 

We have suggested that utility theory may be a useful tool for assigning monetary 
values to these elements; this allows actors to whom such elements are important to 
express their priorities on the same terms as are used when discussing more 
conventional costs. We propose that at the start of the project, a quantitative 
evaluation of each actor’s value preferences in terms of the five elements of value 
discussed in this paper should be performed, generating data similar to that shown in 
Figure 2. This is similar to the assessments performed in value design.  

Further research into the application of utility theory is required. Additionally, 
research aimed at identifying practical solutions to these problems is warranted: a 
significant limitation of the method discussed in this paper is its reliance on 
hypothetical lotteries, which are not readily applied in practice. It is not evident that 
the use of our definitions and solutions to the problems discussed in the paper will 
necessarily lead to more efficient management of value, although the results obtained 
so far are promising. There is also a need, in Lean Construction, to further develop 
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methods for the quantitative assessment of qualitative elements of value in the design 
process, especially from a perspective other than that of production. 
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Abstract
Research Question/Hypothesis: Value Stream Mapping (VSM) can, independently of work 

repetition, improve the performance of civil engineering projects by allowing the site 
management to visualize and to see the flows of materials, resources and information. 

Purpose: The purpose is to show how VSM can be used by on-site practitioners to see the 
day-to-day flow of work, to understand the effect of straight-forward improvements to 
workflow, and to see the effect of applying industrialized working methods. 

Research Design/Method: Applicability of VSM to civil engineering is examined through the 
fixing of reinforcement in traditional bridge construction. VSM is first used to map the 
workflow, which is then analyzed to identify waste and to improve the flow of work. 
The effect of alternative industrialized production methods is then analyzed.

Findings: The performance of civil engineering projects can be improved by allowing the 
site management to visualize and to see workflow. Addition of easy to understand and 
calculable metrics for lead time, inventory level and manufacturing costs, emphasize 
the potential savings of reactive (74-83 %) and proactive workflow (89-92 %). 

Limitations: The fixing of reinforcement of two bridge construction projects is considered. 
Additionally, the so called future state bridge (implementing pull supply) was not 
constructed, i.e. he saving for the future state, even if reasonable, is approximated. 

Implications: The framework to visualise current, future and ideal workflow provides a 
framework to extend the VSM methodology to civil engineering projects. 

Value for practitioners: To overcome the sub-optimized mindset in civil engineering that 
leads to the same practice over and over, a straight forward and easy to use 
framework to visualize and analyse the effects of workflow improvements is proposed. 

Paper type: Case Study 
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Introduction
Due to the unique nature of most on-site projects, it can often be difficult to define 

generic production steps that are adding value. This is perhaps more evident in civil 
engineering construction projects as value is often viewed differently by different 
participants (Simonsson and Emborg, 2009). Also, the time between award of contract and 
start of the construction work is normally short. Even though the construction process is 
not standardized and needs to be re-developed each time, the contractors focus is not to 
plan and optimize the on-site building process. Several productivity studies (e.g. Horman 
and Kenley, 2005; Simonsson and Emborg, 2007; Mossman, 2009) also indicate that there is 
much waste generated on construction sites. 

The key to improve on-site construction is in the management of flow of materials, 
resources and information (Jongeling and Olofsson, 2007). Also, a standardized flow of for 
example materials makes it possible for the site management to plan ahead rather than 
“extinguish fires” (solve urgent matters). For this, site management need be trained to 
differentiate between value adding and wasteful activities and hence, eliminate waste 
from the construction process. Deming (cited from Liker, 2004) emphasized, that “the next 
process is the customer” – this kind of thinking is seldom realized in on-site construction 
projects. Consequently, learning to see work flow has great potential.  

Value Stream Mapping (VSM), originating from the manufacturing industry, is often 
used to visualize material and information flows (Rother and Shook, 2004). Visualization of 
flows in civil engineering projects, such as road construction or bridge construction, is 
pretty much none-existent in literature to date. On the other hand, the application of VSM 
for projects of more repetitive nature, e.g. housing construction seems more common; see 
for example Yu et al. (2009) and Sacks et al. (2009). A reason for this is the large variation 
in physical lay-out and relatively few standardized work task in civil engineering projects 
(Jongeling and Olofsson, 2007). 

However, as VSM is mainly about the visualisation of flows and to make these flows 
transparent for the whole organisation (Rother and Shook, 2004), the VSM methodology 
should also be readily applicable to the unique nature of civil engineering projects and 
useful as a tool to help on-site construction practitioners see work flow. Björnfot et al. 
(2011) concluded that the effect of successfully applying the VSM methodology in 
construction components manufacturing is an organizational change towards a Lean 
culture. Certainly the same can be expected in civil engineering projects. The hypothesis 
of this article is thus that VSM, independently of work repetition, can improve the 
performance of civil engineering projects by allowing the site management to visualize and 
to see the flows of materials, resources and information. 

The applicability of the VSM methodology to civil engineering projects is examined 
through the fixing of reinforcement in traditional bridge construction projects. VSM is first 
used to map the workflow, which is then analyzed to identify waste and to improve the 
flow of work. The effect of alternative industrialized production methods is then analyzed. 
The aim of the studies is to show how VSM can be utilized by on-site practitioners to see 
the day-to-day flow of work, to understand the effect of straight-forward improvements to 
workflow, and to see the effect of applying industrialized working methods. 



Simonsson, Björnfot, Erikshammar & Olofsson: ‘Learning to see’ the Effects of Improved Workflow in 
Civil Engineering Projects 

© Lean Construction Journal 2011 page 3 www.leanconstructionjournal.org 

Understanding & improving workflow 
A flow is composed of transformations, inspections, moving and waiting (Koskela, 

2000). According to Womack and Jones (2003), workflow refers to the movement of 
material, information and resources through a system. To create a smooth flow of work, 
the availability of material, information and resources must be controlled during the whole 
production process (Thomas et. al, 2003). Reducing on-site material handling and lead 
times through proper workflow management is an important part of the construction 
industry’s improvement of productivity (Ballard et. al. 2003). According to Formoso et al. 
(2002), waste elimination is a focus for workflow improvement within Lean production. 

Womack and Jones (2003) defines waste as; any human activity that absorbs 
resources without creating any value; waiting time, over production, unnecessary 
inventory, erroneous processes, unnecessary movement and transports, products with 
errors, and not meeting customer demands. Koskela (2000) identified construction waste 
as poor/incorrect quality of the product, rework, excessive and left over materials, 
material handling, materials in stock, and work in suboptimal conditions. Mossman (2009) 
argued that waste should be defined in relation to value, i.e. waste elimination through 
value creation. Also, an over-emphasis on waste reduction can become counterproductive 
as low inventory, or a lack of production capacity, can lead to supply chain disruptions. 

Improving the flow of work 
The most readily applicable method for improving work flow is pull production. Pull 

means that no upstream actor should produce anything until the customer downstream 
asks for it (Womack and Jones, 2003). In construction the most recognized and applied tool 
to generate pull is the Last Planner system of production control. However, there are 
certainly other attempts at establishing pull in on-site construction of which Line-of-
Balance (Seppänen et. al., 2010) and pull production of multi-storey housing (Sacks and 
Goldin, 2007; Sacks et al. 2009) are but two examples. 

Another approach to minimize wasteful activities is to standardize work tasks. The 
execution of work tasks varies from construction site to construction site and from worker 
to worker (Nakagawa, 2005). Work is standardized to systemize operations and materials 
so that human motion between operations and needed resources is used in the best known 
order and hence most efficiently. Through process standardization, the manufacturing 
process becomes more robust, leading to operational excellence, continuous improvement 
and elimination of non-value-added activities (Álvarez et. al. 2009). 

Achieving the right flow of work in production processes is important. Decisions made 
early affects how, e.g. a bridge is to be built and hence affects the workflow on-site. Such 
factors as location, type and shape, material choice and detail design all affect the flow of 
work (Ray et al., 1996; Lam et al., 2006; Jergeas and Van Der Put, 2001). Hence, to 
achieve workflow at the construction site, the design and planning phase needs to be 
controlled and managed from a buildability perspective. Adams (1989) stated that the key 
to success is the early design stage where knowledge from all vital actors is gathered to 
create buildability for a specific project. Wong et al. (2004) states that design decisions 
affect how a building is to be built and determine the types as well as level of resources to 
be involved in the conversion process, and also that designers often lack the knowledge 
and the incentive to take the right decisions. 
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Consequently, it is possible to work with work flow at both the early stages of a 
construction project using so called proactive workflow methods and during the project 
execution at the construction site using so called reactive workflow methods (Figure 1): 

Proactive workflow management. Aims at removing hindrances to even 
workflow in design. Common methods are e.g. improved buildability and proper 
production planning. Another useful method for proactive workflow 
management is simulation using for example 4D planning (Björnfot and 
Jongeling, 2007).
Reactive workflow management. Aims at removing hindrances to even 
workflow during production. Common methods are e.g. arranging for pull 
production and standardizing work tasks. Another useful method for reactive 
workflow management is to highlight workflow by mapping the value stream 
(Yu et. al. 2009).  

Figure 1: Applicability of proactive and reactive methods to improve workflow. 
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Highlighting workflow 
Value stream mapping (VSM) is an effective method to capture both the material and 

the information flow of manufacturing, transactional and administrative processes and to 
provide a good communication tool for practitioners as well as a reference model for 
theoretical analysis (Álvarez et. al., 2009; Mehta, 2009).  By focusing on continuous flows 
rather than machine, transport or personnel utilization, the likelihood of sub-optimization 
is reduced (Ballard et. al., 2003). The focus on continuous flow enables the contractor to 
involve suppliers, standardize processes and reduce variation of products (Arbulu et. al. 
2003). VSM is divided into mapping the current, future and an ideal state and the 
implementation of what is defined as yearly value stream plan (Rother and Shook, 2004) 

Khaswala and Irani (2001) argue that VSM is best utilized for high volume production 
since it is difficult to follow the work flow from finished goods to raw material. However, 
if the processes are standardized and the project consists of multiple objects, then it is 
possible to use VSM even for civil engineering projects. Wilson (2009) argues that value 
stream mapping can be applied to any business process including service, product 
development, manufacturing and office processes.  

Effects of workflow improvements 
A process can be characterized by lead time, inventory and operational costs. Lead 

time is the time from when a work item enters a process until it exits, i.e. time needed to 
produce adequate output. Inventory, is the stock level, or input that the project needs to 
transform into output. Operational costs are costs connected to the transformation of 
input to outputs, e.g. wages, rental of machines and other resources, and overhead costs. 

© Lean Construction Journal 2011 page 4 www.leanconstructionjournal.org 
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In a normal process, an optimization of either of these parameters will lead to an increase 
in the others; hence we have a sub-optimized situation. By looking at the system and only 
by reducing all three or having status quo on two and reducing one will give an improved 
system (Maskell and Kennedy, 2007; Brosnan, 2008).  

Lead time, inventory and operational costs are actually a transformation of financial 
terms used to optimize the results of a project; increased net income and at the same 
time maximizing return on investment and increasing cash flow (Olhager, 1993). The 
traditional measures of lower operational costs, lower capital costs and increased sales 
would lead to better revenue for the project (Mehra et. al., 2004; Sheu et. al., 2003). 
From a workflow perspective, this implies: 

Smaller capital costs through fewer inventories. 
Smaller operational costs through less staff. 
Fewer inventories mean smaller storage areas at the construction site. 
Less material handling and internal transportations. 
Less damaged or obsolete materials and waste. 
More projects in a shorter time mean more income. 

Based on Olhager (1993), the workflow perspective is illustrated in Figure 2; smaller 
batches will lead to shorter lead time and less material handling. Shorter lead time in turn 
means less work in process (WIP) and less safety stock. Less WIP means fewer inventories, 
hence reduced capital costs. Less safety stock and faster stock turnover means fewer 
inventories or less capital costs. Less material handling increases likelihood of delivering 
the project on-time which means more projects and increased income. Consequently, lead 
time, inventories and manufacturing costs are good measures of project performance and 
should indicate how workflow improvements also improve project performance. If one 
metric can be improved without making the others worse or at least status quo the model 
should show that the workflow method has potential to improve project performance. 

Figure 2: Illustration of the economic benefits of improving lead times, reducing 
inventories and lowering manufacturing costs. 
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Learning to see workflow 
VSM is divided into mapping the current, future and ideal state (Rother and Shook, 

2004). Mapping the current state reveals both value and non-value adding activities. The 
objective of the future state (to-be scenario) is to create a value stream where every 
individual process is connected to a customer by either continuous flow or a pull system. 
The ideal state is a representation of the organization vision; a state to strive for but not 
necessarily currently attainable due to e.g. a low technology level.  

To evaluate the applicability of the VSM methodology as a tool for improving on-site 
construction management (Figure 3), the effect of VSM implementation should be tested to 
the identified process variables (Lead time, Stock level (Inventories), and Manufacturing 
cost). First a VSM of the current state is performed to identify the symptoms to occurring 
waste. Next, straight-forward improvements to work flow (Highlight work low, Standard
work, and Pull production) are introduced and the process response is again checked. 
Finally, an ideal state is arranged in which proactive solutions to work flow are 
implemented (Buildability, Visualization, and Production planning). 

PROCESS RESPONSE
CURRENT STATE

(SYMPTOMS OF WASTE)
FUTURE STATE

(REACTIVE SOLUTION)
IDEAL STATE

(PROACTIVE SOLUTION)

Lead time 

Stock level 

Manufacturing 
cost 

Waiting 
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Unnecessary inventory 

Unnecessary movement 

Rework 

Transports 

Highlight workflow 

Standard work 

Pull production 

Buildability 

Visualization 
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Figure 3: Process response in relation to the VSM current, future and ideal states as 
well as the suggested reactive and proactive improvements workflow. 

Case study research: rebar management in Civil Engineering 
The case study is composed of two different civil engineering projects (Table 1) that 

focus on visualizing and analyzing the workflow of reinforcement fixing. Both projects 
were carried out by the same contractor, albeit with different management and workers. 
The first project represents the current traditional state, whereas the second project 
introduces alternative production methods, for example prefabricated reinforcement, 
which is a representation of an ideal state in bridge construction. The first project is also 
used to analyze the potential of reactive workflow solutions, i.e. the future state. 
However, it should be noted that the future state bridge was not actually constructed. The 
results from the future state are instead reliant on the experience of the authors. 

Table 1: Summary of the two bridge construction projects. 
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Case study Project Year Used for 

Bridge construction 1. Traditional on-site construction methods 2005 Current & Future states

Bridge construction 2. Industrialized construction methods 2006 Ideal state 

VSM, according to Learning-to-See (Rother and Shook 2004), is used to visualize and 
analyze the workflow. The method has been modified since it is suggesting working 
upstream, i.e. from finished goods backwards to raw material which of course is difficult 
to accomplish in the case of bridge construction as building a bridge can be considered a 
one-of-a-kind flow as the work crew, management, site characteristics, etc. are rarely 
consistent between projects. Therefore, the construction progress was followed from start 
to end and the data collected was used to work backwards. The studies are used to create 
a VSM of the current, future and ideal states that are analyzed according to Figure 3. 

Data for the two projects were collected through frequent construction site visits by 
the main author. During the site visits, the on-site management was asked to give 
statements on the work performed and to validate the data collected. However, the main 
goal of the site visits was to collect quantitative data on lead times and inventory levels. 
Information about lead times was achieved by collecting data on delivery of the material 
to the construction sites (e.g. reinforcement deliveries) and the date for which the 
reinforcement was mounted and fixed into the bridges. 

In addition, some of the waiting time for the reinforcement in between activities was 
measured and estimated. It was difficult to establish the waiting time for the traditional 
and future states, since at least one ton of reinforcement is lifted upon the superstructure 
at the same time and after that each single rebar is manually transported and fixed on the 
superstructure. Through this mounting and fixing procedure it becomes difficult to exactly 
establish the waiting time for each rebar and hence an average total waiting time for all 
the reinforcement in the superstructure becomes more relevant to measure and estimate.  

Case study results – Bridge construction 

Current state 
The first project was the construction of a superstructure for a girder bridge of 

reinforced concrete. This bridge was part of a project consisting of four bridges to be 
constructed by the same contractor. The different bridges were viewed as individual units 
resulting in little cooperation between the different construction sites despite that they 
were located only a few hundred meters apart. As an example, there was no cooperation 
in delivery of reinforcement or utilization of mobile cranes. 

The studied bridge had two abutments and a mid support with spans of 19 and 16 
meters (Figure 4). The width of the bridge was 11.35 meters and the total length was 48.5 
meters. Approximately 420 m3 of concrete and 60 ton of reinforcement were used during 
construction of the superstructure. An identical and parallel bridge had already been 
erected by the same work crew. However, interviews with site management made it clear 
that not much learning between projects occurred as the same kind of waste was 
observed, for example rebar being fixed piece by piece, highlighting unnecessary and high 
levels of material inventory on site. The current state VSM is illustrated in Figure 5. 
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On day zero of the bridge project a truck arrives with all reinforcement required for 
the superstructure. The first project had 60 ton of reinforcement in the superstructure; 
this has been scaled down to be able to be compared with the Ideal state bridge which 
used 16 ton of reinforcement for the superstructure. The time for construction of the 
superstructure has also been recalculated to reflect the reduced amount of reinforcement. 
Unloading the rebar takes approximately a half day for two workers. The remaining value 
adding time for using the crane and fixing the rebar are illustrated in Figure 5. 
Consequently, the amount of waiting time is considerable as the reinforcement arrives on 
day zero and is fully consumed only after 13 weeks. 

Figure 4: Illustration of bridge construction using traditional production methods. 

Figure 5: Illustration of the current state VSM of bridge construction and a 
schematically drawn diagram of the actual superstructure rebar inventory level. 
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Future state 
The future state can be viewed as a reactive state, involving the same activities as 

the current state (Figure 5). By highlighting workflow and introducing more standardized 
work tasks, improved production planning and control is achieved resulting in 
implementation of a pull system where, for example, reinforcement is delivered when 
needed at the construction site. In the case study, the reinforcement was delivered in 
large batches by full trucks for each construction site. Instead a so called “milk run 
system” can be implemented supplying adequate amount of reinforcement to all 
construction sites using one truck during the same run. These runs can be initiated using 
pull signaling systems either on activities to be performed or inventory levels. 
Implementing these changes would provide a future state VSM as illustrated in Figure 6. 

The production process in this case is similar (lead time and workers) to the current 
state process, with one exception; the reinforcement arrives Just-in-time. In this case, 
just-in-time means the arrival of reinforcement approximately two days prior (Figure 6) to 
the planned fixing to provide a small buffer for unexpected disturbances in the production 
process. It should be noted that pull production as explained above was not implemented 
as this version of the bridge was never constructed. Therefor the presented process, even 
if highly likely, cannot be verified. 

Figure 6: Illustration of the future state VSM of bridge construction and a schematically 
drawn diagram of the expected superstructure rebar inventory level. 
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Ideal state 
Besides pull production as described in the future state, the ideal state involves 

design and planning, i.e., proactive workflow management by improving buildability. The 
ideal state was evaluated on a slab bridge with a total length of 17 meters, a width of 15 
meters, and approximately 250 m3 of concrete and 25 ton of reinforcement were used, i.e.
in all regards a similar bridge, albeit smaller, to the one studied in the current state. Due 
to the utilization of prefabricated reinforcement cages (Figure 7) for the foundations and
rebar carpets (Figure 7) for the superstructure, the construction process involved fewer
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activities if compared to traditional bridge construction. Improved buildability was enabl
through early design decisions. 

To fully utilize the potenti

ed

al of the new production methods, production planning 
was im

ll

d in 

ting of the rebarcarpets takes approximately one day in total for upper and 
lower  of 

-site

proved, especially in the precision of deliveries. For example, the reinforcement 
cages were pulled to the site and mounted directly in the formwork. Also, the rebar 
carpets used for the superstructure were delivered the same day as they were used. A
reinforcement for the superstructure was fixed in one week which resulted in an average
time of 2.5 days for reinforcement in stock during fixing and another 2 days for it being 
delivered before fixing (as a time buffer for unforeseen events). Consequently, more 
efficient use of inventory at site was achieved. The VSM for the ideal state is illustrate
Figure 8. 

Moun
 layers of reinforcement. The shear force reinforcement takes an additional 4 days

fixing for four workers. The reason why the project is finished earlier then in the previous 
cases is because more prefabricated methods of construction have been used. As an 
example rebar cages for the foundations were used, see figure 7. This reduced the on
work of fixing the two foundation reinforcement from 6 days in total to 1 hour.  

Figure 7: Use of prefabricated re rcement cages (left) and rebar carpets (right). info
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Figure 8: Illustration of the ideal state VSM of bridge construction. 
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Seeing the potential of workflow improvements 
Waste observed in the current state was moving materials around the construction

site, waiting for materials, machines or instructions, rework and interruptions of
progressive work. In fact, a study of productivity at the specific bridge indicated that only 
about 30 % of working time was actually adding any value. Other typical wastes that were 
observed are presented in table 2. By introducing reactive solutions such as a pull system,
milk run deliveries and improved production planning, the current state can be improved.
As a consequence of the improvement, the waste of high inventory levels and long lead 
times can be reduced (Table 3). Also moving the reinforcement inventory around the site 
due to other activities is reduced dramatically. In addition, cash funds being tied up in 
inventory are minimized and in some cases it might even be possible to earn money on
interest on advance payment from the client.

Table 2. Observations of waste during bridge construction 

Type of waste Cause of waste

Unnecessary sorting and measuring of reinforcement Disorder upon delivery and too large stock

Lifting, measuring and sorting Stock size

Waiting Lifting, measuring and sorting

Discussion Disorder and sorting

Errors and rectification work Disorder and sorting
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In the ideal state, much of the reinforcement was pulled just-in-time to the 
construction site, i.e. it came the same day as it was supposed to be fixed into the 
construction (plus a two day buffer). The ideal state improved the lead time and inventory 
levels from current state with approximately 90 % (Table 3). Also, the manufacturing cost 
at site decreased significantly (-68 %) in the ideal state at the expense of an increase in 
the procurement of the prefabricated rebar structures of approximately 30 %. Still, the 
overall construction cost decreased as well as construction time on-site.  
Table 3: Lead time, inventory level and manufacturing cost for the current, future and 
ideal state of bridge construction. Numbers in brackets are improvement in percent.  

Process response Current state Future state Ideal state 

Lead time [days] 65 17 (-74 %) 7 (-89 %) 

Inventory level [days] 57,5 9,5 (-83 %) 4.5 (-92 %) 

Manufacturing cost [€] 3,1 3,1 (0 %) 1 (-68 %) 

The lead time (Table 3) is calculated as the total time for the process to be 
completed, i.e. the times indicated in the current (Figure 5), future (Figure 6) and ideal 
(Figure 8) state VSM’s. The Inventory level is the average time the reinforcement is laying 
in inventory on site, i.e. the area on the inventory level curves (Figure 9). The inventory 
level has in all cases been simplified to a linear consumption, which it in fact is not but it 
provides a good approximation and a straight forward analysis. The manufacturing cost is 
calculated as the amount of work performed (in hours) × number of workers × hourly 
salary. In Table 2, the manufacturing costs are normalized with one for the ideal state as 
the case company does not wish to reveal any economic data. 
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Figure 9: Comparison of the inventory level for the current, future and ideal states of 
bridge construction. 

Visually comparing the inventory levels for the current, future and ideal states 
(Figure 9) clearly indicates the impact of reactive and proactive solutions for improving 
the workflow on site. Firstly, the inventory level is drastically reduced by such simple 
reactive measures as dividing the delivery of reinforcement into smaller batches, in the 
future state meaning delivery of all reinforcement for the superstructure in good time 
(two days) before production is commenced. Secondly, proactive workflow management at 
the early design stage admitted the use of e.g. rebar carpets in the ideal state solution. 
The resultant inventory level can thus be decreased by about 50 % (Table 3). However, 
without commitment from all participants i.e. contractor, client, material supplier and 
designer, the ideal state would not have been possible to achieve. 
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Conclusion & Discussion 
In this paper we have shown that the performance of civil engineering projects can 

be improved by allowing the site management to visualize and to see the workflow on the 
construction site. By ‘learning to see’ workflow, the on-site management is able to 
understand the potential effect of improving the current workflow. Schematically 
visualizing the traditional flow of work and merely identifying potential waste, is rarely 
enough for changing traditional practices. However, with the inclusion of easy to 
understand and calculable metrics for lead time, inventory level and manufacturing costs, 
the potential savings of reactive solutions (future workflow) is emphasized.  For example, 
in this study it was possible to improve project performance by 74–83 % by using relatively 
simple methods such as reduced batch sizes and pull supply. 

By relating rebar management to project time table and the expected work load or 
consumption and making sure that deliveries are made using visual planning according to 
e.g. the Last Planner System, managers will decrease holding costs, minimize steel 
corrosion, avoid theft of rebar, minimize wasteful activities such as searching for right 
material or moving rebar stock around due to other work tasks. Consequently, productivity 
will increase as well as profits for the specific construction site. Instead of sub-optimizing 
the system by resource or sub-process utilization, focus should be moved to the whole 
process, as is the case using the Value Stream Mapping (VSM) method. Another benefit is 
that bridges are often constructed in compact urban environments with limited space for 
inventories; proper planning thus becomes a necessity. 

On-site management often minimizes transportation costs with the mentality that 
“the trucks are so expensive” since this is a cost viewed at the project income level. 
However, the minimization of transportation costs will sub-optimize the construction 
process, decreasing overall project performance as is quite obvious from the relatively 
simple VSM analysis performed in this article, e.g. delivery of the 16 tons of reinforcement 
required for the superstructure as a batch “just-in-time” would in this case reduce the 
lead time by 74 %. In addition, the use of large inventory levels leads to lower inventory 
turnover that in turn leads to more material handling and obsolete or disappearing 
materials. Consequently, there is great potential to work with reactive production 
methods to improved workflow using VSM visualization and analysis. However, to truly 
improve the performance of bridge construction, the on-site management must learn to 
see the benefits of an ideal workflow using proactive solutions such as buildability. 
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Abstract 
Process improvement in Lean Construction is recommended to be based on 
incremental steps. Value stream mapping is commonly used to identify the 
gap between current state and future state and to suggest appropriate Lean 
methods for implementation of supply chain improvements with an iterative 
process. These unnecessary iterations are in direct conflict with the core of 
Lean philosophy where waste should be minimized. The problem is that the 
Lean methods lack the ability to analytically predict the effects on the future 
state supply chain performance, which causes confusion when the managerial 
decisions needs validation of the future state before implementation. Another 
issue is that value stream mapping assume a deterministic process when the 
supply chain system components should be modeled as random variables, 
since random variation in demand or lead-time can have a major influence of 
the performance of the future state. A method that includes validating future 
state before implementation is presented. Discrete Event Simulation is 
proposed as the primary validation tool. Future state simulation helps to 
analyze the model and draw conclusions about whether the suggested 
improvements effectively address the current state gap or not. A case study is 
used to demonstrate the method. 
 
Keywords: Value stream map, Discrete Event Simulation, Lean Construction, 
Supply Chain Management, Process Improvement
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1. Introduction 
As a production system, housing construction is meeting high variability in 
demands and on-site coordination of many sub-contractors why supply 
chains are suffering from low productivity increase. One suggested 
production system approach for improving construction supply chain 
performance is industrialized construction (Koskela, Vrijhoef 2001). 
Industrialized house-building is a mean to reduce process variation by 
standardization (Alves, Tommelein & Ballard 2006), by use of prefabrication 
and modularization (Lennartsson, Björnfot 2010) to minimize the spread in 
process tolerances (Höök, Stehn 2008) but need a trade-off between Lean 
(efficiency) and Agile (effectiveness) to coordinate different fluctuations and 
demands in the value chain (Lu, Olofsson & Stehn 2011). 
 
A predictable process outcome is important for industrialized house-building 
companies because it is closely linked to highest possible factory utilization. 
Any decision for supply chain change needs predictable and low variability 
since variability must be taken into account in risk management and in the 
decision making process (Singh 1986). For industrialized house-building 
decision makers, with fixed assets, such as manufacturing resources, on the 
balance sheet a pre-evaluation of the future state is essential. 
 
The Lean method of value stream mapping (VSM) enables a production 
process owner to focus on supply chain improvements. The execution of a 
VSM is suggested to be iterative and incremental, i.e. several small steps that 
will lead to an improved process (Rother, Shook 2003). A problem with the 
VSM plan is that it is not possible to predict the effects on supply chain 
performance in the future state. This is one reason to why incremental steps 
are suggested (Marvel 2009).  
 
Another non-value adding drawback with VSM is that it could lead to 
unnecessary iterations (Ferrin, Muthler 2002). Discrete Event Simulation 
(DES) is a technique for predicting performance and evaluating the process 
variability (Banks, Carson 1984). DES has also been utilized to predict 
demand and delivery variability for industrialized house-builders (Lu and 
Olofsson, 2011). 
 
The purpose is to develop and validate a method by integrating VSM and 
DES to make an assessment if a suggested supply chain improvement effort 
effectively address a current state gap or not
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2. A Theoretical Development of the Proposed Method 
Process improvement according to Lean often follows continuous 
improvement (Kaizen) or radical change (Kaikaku) strategies (Imai 1986). 
The crucial prerequisite for these strategies is a standardized process in a 
defined production system as a part of a supply chain. In the absence of a 
known and standardized process the process improvement requires process 
mapping, to define the key problems to address, before deciding on what 
improvements to measure, i.e. performance measurement. The last steps 
would be to design and implement the new process with appropriate 
methods, which then are based on validated data. 

2.1. Process Mapping 
Process mapping is used to model and analyze business processes since the 
visualization and the ability to evaluate alternative processes support change 
management (Vanderfeesten, Reijers & van der Aalst ).  
 
The reason to choose VSM is that the method is aimed to be a tool for 
communication (Alvarez et al. 2009), and to detect process availability 
through e.g. lead-time reduction, throughput increase, and reduction of 
work in progress (WIP) (Alvarez et al. 2009). The output of VSM is the 
reason for its communication qualities; it shows material and information 
flows on the same view and also showing non-value adding activities 
(Serrano, Ochoa 2008). 
 
VSM is described as a method, “Learning to see”, for mapping and analyzing 
value streams, see figure 1 (Rother, Shook 2003). A VSM is divided into the 
current state, the future state and a yearly value stream plan. The current state 
visualizes value adding activities and non-value adding activities. The future 
state is a value stream where the gap between current state and future state is 
closed.  
  

Process 

mapping 

Current 

State Gap 

Future state 

design 

Yearly Value 

Stream plan 

 
Figure 1 VSM based on Rother and Shook (2003) 
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A particular disadvantage making the usefulness of VSM reduced is that is 
does not provide ‘hard facts’, merely a direction where to find the real 
problems. The process owner should use other methods to find ‘hard facts’ 
basing to solve the root cause problem (Khaswala, Irani 2001).  VSM is also 
criticized of being deterministic since it does not take into account demand 
or process variability (Hampson 1999, Hines 2004). If the future state map 
ignores process variability, for example in customer demand, the e.g 
inventory levels to be larger in order to meet customer requirements, than it 
would have been if process variability were taken in account.  
 
The important conclusion is that VSM does not have an ability to analytically 
predict the effects on the future state supply chain performance, since it is an 
outcome of discussion and consensus building rather than an objective 
analysis. 

2.2. Performance measures 
A supply chain operational process performance can be described by lead 
time, inventory and operational costs (Brewer, Speh 2000). Lead time is the 
time from when an input enters a process until it exits, i.e. the time needed 
to produce adequate output. Inventory, is the stock level, or input that the 
project needs to transform into output. Operational costs are costs connected 
to the transformation of input to outputs, e.g. wages, rental of machines and 
other resources, and overhead costs. 
 
Based on (Olhager 1993), the workflow perspective is illustrated in Figure 4 
for the correlation between lead-time and inventory levels. If the production 
batches are reduced the total amount of inventory within the system finished 
goods and raw material, i.e. inventories, are reduced, but also the amount of 
work in progress (WIP) material are reduced.  
 
Figure 2 is true if customer demands are assumed to be the same. Reduction 
of WIP and Inventory will give a shorter lead time according to the equation 
known as Littles law (Spearman 1990). A reduced lead time means a more 
flexible supply chain. 
 
Figure 2 is used for the motivation of the selection simulation parameter lead 
time. Inventories and WIP can be transformed into time by dividing the 
average inventory level with average customer demand, if assuming a fairly 
reoccurring seasonal variation. Assuming seasonal variation is not assuming a 
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deterministic system, rather that the random variables might be higher during 
summer months and lower during winter months since it follows seasonal 
variation in construction production. 
 

Reduced batch 

Less WIP Less 

Shorter lead 

 
Figure 2 Correlation between reduced batch size, inventory and WIP and its effect on lead 

times. Based on (Olhager 1993) 

2.3. Improvement Methods 
Lean tools used for lead-time reduction are Just-in-time (Tommelein, 
Weissenberger 1999), Kanban (Tommelein, Li 1999), Takt (Shook 2004), 
Pull production(Arbulu, Ballard 2004), decoupling point (Hoekstra, Romme 
& Argelo 1992), and Single-Minute Exchange of Die (Shingo 1985)in a 
batch oriented system that is transformed from push to pull (Rother, Shook 
2003) and thereby improving performance of the whole supply chain. 

2.4. Discrete Event Simulation in Industrialized House-Building 
Simulation is a method of developing and experimenting with computer-
based modeling of construction supply chain systems to analyze process 
variability effects (AbouRizk 2010). The supply chain can be, through 
simulation, evaluated and re-designed until it has achieved expected 
performance before implementation. DES is used to feed optimal resource 
allocation by stochastic simulation-based scheduling (Lee et al. 2010) and 
enhance the operational performance of construction project (Peña Mora 
2008). 
 
Importantly DES has been used to integrate Lean and simulation methods to 
improve construction value chain performance (Lu et al, 2010) and is viewed 
as a ‘Lean thinking’ method to re-engineer a production system (Al Sudairi 
2007).  It has been shown that simulation-enhanced Lean design process can 
be used for validating a future state of the value stream (Marvel 2009). 
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Following a re-engineering reasoning the simulation enhanced approach can 
be applied to VSM (figure 2) to validate the future state before implementing 
the yearly value stream plan (figure 3).  
 
Figure 3 A conceptual model of the VSM enhanced with Simulation according 

to (Marvel 2009). 

Process 

Mapping 

Current 

state Gap 

Future State 

Design 

Future State 

Validation 

Yearly value 

stream plan 

2.5. An integrated method 
The proposed method is based on the plan-do-check-act (PDCA) cycle. 
PDCA is a method (Deming 2000) which originates from statistical process 
control and total quality management (Bergman 1994) has been used in 
industrialized house-building production as a model handling continuous 
improvements (Meiling 2010). 
    
The proposed method is decomposed into four interdependent steps (figure 
4). The first step is planning, where the current state process is mapped. VSM 
is utilized to the planning phase including collecting data. VSM is also an 
iterative process where the value stream needs to be re-evaluated in order to 
find a new current state. 
 
The second step is analyzing, where the gap between future and current state 
is identified and where improvement methods are suggested. Value Stream  
Analysis (VSA) is the step of analyzing data and proposing the future state and 
improvement methods. The third step includes simulation, where effects and 
consequences are simulated in order to get ‘hard facts’. DES is used to 
validate expected outcome. DES is performed in iterative steps, i.e number of 
runs, where the process evaluated is simulated with different scenarios by 
changing variables. 
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The final step is implementation where selected improvement methods are 
implemented in the organization. The steps are interdependent and the cycle 
is continuously reworked after each process mapping.  

 
Figure 4 A conceptual model based on PDCA to integrate VSM and DES 
By combining VSM and DES the number of iterations can be reduced in a 
yearly value stream plan, What-if scenarios can be created, and decision 
making simplified by the use of communicative tools.
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3. Methodology 
A qualitative case study, combined with a DES designed as an experiment, 
where unit of analysis as the model in figure 4. The sources of the data 
analyzed are shown in Table 1 where the point of data collection is indicated 
in the figure.  

 
Table 1: Sources of data obtained during the VSM process 
 
In order to strengthen the validity of the case study a priority has been to 
give the respondents opportunity to verify the correctness of the interviews 
(table 1) regarding on customer requirements. The validity has also been 
strengthening by triangulation of VSM results with worker time report 
sheets, post calculations and simulation. Participant observations, during the 
VSM workshops and data collection have given the researchers a possibility 
to compare respondent interview data with action in real life situations and 
thereby build a simulation model that is reliable. 
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4. Results 
In order to validate the method a Swedish component manufacturing 
company was chosen. The company was forced in to a change process by its 
customer, where the objective was to increase production flexibility, which 
also made the company suitable for the study. The company was facing two 
major issues in their current batch-oriented system: 

Increase production flexibility in the current batch-oriented system 
Reduce lead time without building finished goods inventory 

 
  The company produces patio doors, windows and other components for 
industrialized house-building companies (figure 5).  

Saw mill 
Patio doors 

Case Study 
Industrialized 

house-builder 
Windows 

Etc. 

Client 

Figure 5 Conceptual drawing of the value chain. The case study company is 
between the saw mill (a batch oriented system) and the industrialized house-builder, 
a (single piece flow system). 
 
The productivity parameter ‘lead time’ is used both in VSM and DES. The 
selection of lead time is based on that the relation between lead time and 
material buffers are linear. With increase of work in progress (WIP) the lead 
time will in increase and vice versa. Inventories and WIP can be transformed 
into time by dividing the average inventory level with customer demand. 

4.1. Process Mapping using VSM 
The manufacturer was studied during 18 months. The studied value stream is 
patio doors from goods receiving of raw material to delivery to four 
production lines for Sweden’s largest detached house-building manufacturer 
with about 30% of the total market share. A total of eight different patio door 
models are produced and the demand is even, for example the demand of 
patio doors was 248 doors per month. 
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Preparation started with several discussions with the managing director. The 
first workshop was held with the managing director, the production manager 
and an operator due to her skills and detailed knowledge of the process, 
machines and staff. On the workshop, the Lean philosophy and Lean tools 
was presented. 
 
The second workshop during three days was held at the plant, where the 
VSM team and researchers, walked through the process to get an overview of 
activities and to interview personnel. During the workshop frequent visits, 
‘Gemba’ walks, were made to the shop floor.  
 
First, the team walked rapidly through the production flow from raw material 
to finished goods. Then a mapping of the current state was made with post-it 
notes to mark operations and inventories starting from finished goods and 
ending up at goods receiving of raw material. The result was transcribed 
(figure 6) using the usual notation for VSM (Rother, Shook 2003). 
 
The Value stream began with the goods receiving of a monthly delivery of 
raw material. After the material had been waiting for about 15 days it was 
processed through a planeing machine. ‘Working’ was the following process 
was drilling for espagnolett, and for the mounting of arc and for the hinges. 
As a third step was to ‘fill and repair’ manually from holes and other quality 
defects the pieces before entering ‘prime painting’. After ‘prime painting’ and 
‘drying’ the ‘top painting’ and another sequence of ‘drying’ followed. The 
final steps were ‘mounting hinges’, ‘assembly’ of the patio door and 
packaging 8 doors per pallet before a weekly ‘dispatch’.     
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Figure 6 Illustration of current state VSM from the initial workshop. 

 
Then a brainstorm was performed around the question; “how would you 
change the process to world-class performance and what would the process 
look like in 10 years”? The ideas where put on the white board using post-it 
notes and became the future state. (figure 7). Then all proposed changes 
where categorized as “act immediately”, 2-5 work days, and >5 work days.  

Figure 7  Illustration of future state VSM from the initial workshop. 
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A Gantt chart was used to make a one year that was robust rather than 
wishful thinking. All activities had a responsible person and the production 
manager was appointed as value stream manager. The VSM was posted in a 
place were everybody could see it. 
 
The collected data from VSM was transcribed into a spread sheet program 
(table 2). 

4.2. Future state design using VSA 
The data gathered during the VSM showed some effects in the supply chain 
system that where symptoms that needed to be address (table 2): 
 

Whole month production demand as production batch sizes released at 
the same time into the production system 
Total lead time (69 days) longer than customer demand horizon (25 
days) 
Waiting time (22 days) causing personnel to start producing other 
orders 

 
From the data (table 2) it is obvious that due to the long die change (Set up 
time, table 2) for the planeing machine, up to twelve hours, it is reasonable 
for the company to make the whole batch at one set up and thereby reduce 
the set up times. Given the customer demand, 248 doors per month, the 
company needed to release the whole monthly batch in to production in 
order to be able to use the planeing machine for other orders as well. 
 
Since there was a whole monthly production batch as WIP (table 2) it was 
impossible for the personnel to see which component to prioritize, hence the 
management gave everybody access to the production schedule which is the 
same as the delivery schedule. From the interviews and participant 
observations it became clear that once everybody had the delivery schedule 
they started to optimize their own work and batch the components the way 
that would gain their process step the best, which was not always optimal for 
the following process step. 
 
Excessive material expressed as time (table 2), due to large internal 
production orders and according to interviews impossible for the 
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management to see how they were performing according to the plan gave 
both waiting time and other wastes such as quality defects for an example 
when a pallet where backed into piles of other material. During the waiting 
time the staff started to produce special orders, since they did not have 
anything to do at the moment and wanted to have high utilization at their 
process step. These actions lead to even more orders and materials in the 
system.  

Table 2 Data from VSM 

 
Given this information it is safe to assume a transportation batch that is 
reduced so that only the daily customer demand is processed in each station. 
Based on a yearly customer demand of 2100 doors, gives a weekly demand of 
46-48 (reduction of vacation and other). That gives a daily takt time 12 
doors/day Monday to Thursday which is equivalent to 1.5 pallets per day 
since every pallet carry 8 patio doors (table 2). 
 
Given the production time of about 2 hours per door (table 2) it gives 24 
hours per day with a process buffer initially of 2 hours per day. Four persons 
need to work 6 hours per day, Monday to Thursday in order meet up with 
customer demand. One day is freed up for other production every week. 
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The first process step, the planeing machine, needs to make components for a 
supermarket (according VSM, figure 9) for about 250 units, since we can 
assume a quality loss 8 doors per batch about 3% (table 2).  
 
If the planeing machine produces 8 weeks of material that equals to 8 die 
changes per year which is the same as today. Once the company works with 
die change reduction, the batch sizes can be reduced. The storage area is 
planned according to historical distribution of the different types of doors. 
The finished goods inventory needs a 2 week safety stock (due to monthly 
deliveries) which is 192 doors (12 pallets), distributed according to the 
forecast from the customer (table 2). 
 
The future state reduction of lead-time can be achieved by reduction of 
production batch to equivalent of one day of customer demand. This will 
give a reduction of lead time from 45 days to 24 days. Other positive effects 
of reducing batch size are to gain a visual control of the system. Each day we 
can say how we are performing against the plan: takt and less material hassle 
due to lack of production space. 
 
After the VSA the team suggested some improvements in order to reduce 
non-value adding activities. From the theoretical framework following 
actions would reduce lead-time:  

Reduction of batch size to weekly batch instead of releasing a monthly 
batch 
Reduce time for die change at the planeing machine in order to be 
able to reduce batch sizes. SMED techniques should be applied. 
Create a small finished goods inventory in order to level the 
production at the decoupling point 

However the implementation paused when the managing director said at the 
final meeting: 
 
“I can see it, I can believe it, but how can I be sure that these improvement 
strategies will give us the benefit and not plunge us into a chaos” 
 
The objective of the research was to validate the integrated method and 
verify the improvement strategies suggested with a simulation in order to 
verify the performance. The most interesting parameter to simulate was the 
batch size reduction since it would, according to the VSM, have the largest 
impact on WIP and thereby lead-time.  

14/25 



4.3. Future state Validation using DES 
The DES was made on the same abstraction level as the VSM (Figure 9). The 
input in the model where: (a) Product variants, (b) customer demand, (c) 
process and waiting time, (d) production and transportation batch, (e) defects. 
The output from the simulation model where a production summary of patio 
doors, machine utilization reports and inventory reports 
 
Patio door variants is an interesting variable since the mix of products will 
give a larger WIP. Defects or quality errors i.e. reduced number of output 
after a process step based meaning that the process needed to produce the 
missing parts. Process time is the time for a part to pass a process step. 
Waiting time is the WIP and other inventory transformed into time 
accordingly using Little’s Law. The output was in production summary i.e. 
the number processed in each process step, inventory level number of items 
in the process and machine productivity showing the total processing time 
per patio door. 
 

Input 

Patio door variants 

Customer Demand 

Time 

Transport batch 

Quality Defects 

Simulation 

Model 

Production Summary 

Machine Utilization 

Inventory reports 

Output 

Figure 8 Simulation model input and Outputs. 
 
Components for the patio doors depending on the product mix is Part A, for 
wider patio doors, 125 pieces and Part B, smaller patio doors, 125 pieces per 
transportation batch following the same processing time on each machine. 
 
Current state simulation (9) shows that with current state batch and lead 
times are as we assumed larger than if reduced batch size. Mean inventory 
level, transformed by Little’s law to time gives us 26.5 days compared to 21.8 
days with reduced batch sizes. 
 

15/25 



Processing time standard deviation is calculated to 40 from Normal (600, 40) 
meaning a 99, 99% probability for processing time (520, 690) seconds. This is 
calculated from historical data for a five year period. This gives that reduction 
of batch size will not affect the productivity negatively and the order delivery 
time will be the same (Figure 9). The total time for processing one door in 
the future VSM is actually less, mean 2.15 hours, compared to current VSM 
with mean 2.7 hours. This can be explained by higher utilization of 
individual resources. 
 
The total delivery to finished goods is was reduced about 70 doors compared 
to current state of 115 components. The delivery time varies according to 
inventory level. The future state reduction of lead-time can be achieved by 
reduction of production batch to equivalent of one day of customer demand. 
This will give a reduction of lead time from 26 days to 22 days.
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Figure 9 Simulation Results 

4.4. Implementing the Value Stream Plan 
After the presentation of results at the final workshop with both managers 
and production staff after a long silence one of the workers stated: 
“I knew that there was something wrong when the harder the effort then less 
material came out from the system” 
 
During an interview the manager stated that the simulation facts could be 
used for calculating the need extended fro of cash flow (finished hoods 
inventory) and to calculate the need of workforce. This way the production 
manager could show to the managing director how a reduction of batch sizes 
(reduction of inventory) would affect productivity (status quo or perhaps 
even better) and mean order delivery time (status quo).  
 
By solving the issue of large batch sizes according to the simulation and using 
takt time to visualize what order they were working on the work in progress 
and the lead-time was reduced. 
 
After the presenting the simulation results the managing director gave a ‘go 
ahead’ to the production manager who implemented following strategies 
suggested from the VSM (figure 8) 

Reduction of die change time based on SMED for the planeing 
process 
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Supermarket after planeing so that the planning process can produce 
according to forecast minus actual process buffer 
Reduction of batch sizes to weekly batches (not daily) in the first step 
from supermarket and beyond. Takt production with Patio door 
production 4 days/week 
Weekly production plan only distributed to assembly, planeing and 
dispatch. 
Decoupling point at the assembly giving shorter lead times after order. 
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5. Analysis 
The use of the integrated method (figure 4) showed an interaction of system 
components that cannot be addressed by a static Lean analysis such as VSM. 
The DES model revealed that if not a finished goods inventory where in 
place customer demand variability would probably effect on the assembly 
performance (figure 7). 
 
In other words the simulation model was able to address concerns regarding 
the future state the traditional VSM could not have identified.  
 
Table 3: Gap and selected improvement strategies suggested from Future state 
design using VSA, Future state Validation using DES, and Implementing the 
Value Stream Plan. 
 

Gap Future state 
design using 
VSA 

Future state 
Validation using 
DES 

Implementing the 
Value Stream Plan 

Increase 
production 
flexibility in 
the current 
batch-
oriented 
system 

Reduce batch 
size 
 

Reduce batch size Reduce the 
transportation and 
production batch 
after the 
supermarket

Reduce lead 
time without 
building 
finished goods 
inventory 

Release weekly 
increments 
Schedule at 
decoupling 
point 
 

Release daily 
increments 
A small finished 
goods inventory

Release weekly 
increments 
Decoupling point at 
assembly combined 
with a finished 
goods inventory

 
The implementation passed through the tollgate once the manager got “hard 
facts” and indeed the model for simulation needed to be developed since 
each of the process step needed to be developed during the process 
improvement phase, meaning that the VSM model and the simulation model 
needed to be revised several times before it was reliable enough. 
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Each process step in our method cycle indeed needed to perform according 
to a PDCA cycle; in fact the analysis shows that the process is iterative rather 
than sequential. 
 
The static model VSM, even when using spreadsheets for analysis, could not: 

Predict the effect of variability in the supply chain for an example 
quality defects and the reproduction based on a normal distribution 
Consider the effects of random variation in processing times and 
customer demands 

These are the questions that the managing director wanted to answer before 
giving a ‘go-ahead’ for the implementation. The managing director could 
translate the effects on cash-flow management. 
 
Use of the simulation model helped the value stream manager and the 
managing director asses the future state instead of using a trial and error 
method for supply chain improvement after implementing methods such as 
takt time. 
 
Simulation experiments identified when the supply chain process had to 
increase or decrease the finished goods inventory due to quality defects or 
change in customer demand and support the decision making.
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6.  Conclusion and discussion 
In this paper it is showed with a case study that using VSM enhanced with 
DES, an improvement of the process can be verified and implemented. The 
method gave the manager a possibility to verify outcome before proceeding 
with improvement strategies. The analysis shows that it is reasonable to 
assume that simulation helped the management to make decisions which 
other researcher have verified. 
 
Another reason for the fast implementation after the DES could be that the 
manager had time to understand the problem description and suggested 
solution and it might have been implemented as fast only by having 
discussion about production strategy. This is the weakness of social studies 
which have been showed earlier that the persons or organizations studied 
might be affected by the researcher’s presence. 
 
The weakness that is often overlooked in VSM such as random variability is 
considered in the validation step by using DES. Further more we have 
developed and validated a method; consisting of an integration of DES and 
VSM which makes it possible for improving supply chain performance in 
industrialized house-building. 
 
The enhanced method makes is possible to analytically validate VSM 
solutions and compare current state with a future state regarding throughput, 
inventory, or operational costs. In general this could mean that process 
improvement strategies for supply chains in this sector could be increased by 
the use of the method. The method needs to be developed even more to 
define interfaces between the different steps and different actors  
 
If assuming a fairly reoccurring seasonal variation this model is valid. Fairly 
reoccurring seasonal variation means that the demand from the customer can 
vary over time (seasons) but does not have large variation in a smaller time 
unit (month) therefore the model should be valid in construction setting. 
However the model should be tested in future research with a seasonal 
variation on customer demand in order to give greater generalization. 
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Interview questions – mapping value in the house-building value chain 





Appendix 1: Interview questions – mapping value in the house-building 
value chain 

Intervjuguide för värdekedjan 
Den övergripande målsättningen är att få reda på hur värde uppfattas i 
värdekedjan för småhus från beställare till leverantörer. Vad är värde för 
beställare, arkitekten, entreprenören, leverantören och underleverantören i 
nästkommande led? På detta sätt vill jag se om värdet ändras i kedjan och 
om/hur processen utifrån värde. 
 
Mitt synsätt: Jag anser att personen har mindre individuell påverkan i hela 
systemet, dvs. de regler, belöningar, kulturer och omvärld styr vårt 
handlande, med andra ord är individens påverkan är liten. Respondenterna 
ses som aktörer i detta system, dvs. det är intressant vad de svarar från sin 
befattning. 

Begreppet skall följas i förädlingskedjan/nätverket under rubriken nätverket 
som är en omskrivning av frågorna under rubriken Värde. De frågorna som är 
ställda under rubriken Värde (1-18) är prioritet. Frågorna 19-48 är till mer för 
att stämma av produkten i nätverket och görs i mån av tid. Frågorna 49-66 
ställs till underleverantörer inom nätverket. 

Värde 

Allmänt 
1. Vilken befattning har du och på vilket sätt påverkar/s den 

anbudsprocessen och de krav som ställs på leverantörer eller 
underentreprenörer från er? 

Här ges en definition på leverantör och entreprenör till respondenten. 
”Leverantör är någon som levererar material som exempelvis kök, fönster 
eller hus ofta inom ramen för ABM07. Entreprenör är någon som utför 
arbete på arbetsplatsen; ofta inom ramen för ABT, ABT-U.” 

2. Vilken typ av hus; lösvirke, planelement eller volymelement har ni 
kommit i kontakt från hustillverkare? 
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Appendix 1: Interview questions – mapping value in the house-building 
value chain 

Anbudet 
3. Kan du utgå från bilderna för anbudsprocessen (bilaga 1) och 

avtalsförhandlingen och berätta med egna ord om hur det går till hos 
er. 

4. Finns delar finns det i anbudsprocessen som inte fungerar bra eller som 
inte känns effektiva? 

5. Vilka förbättringar tycker du att era leverantörer (eller själv om det 
kommit många punkter på leverantör i 4) skulle behöva göra i den här 
processen? 

a. Varför 
6. Vilka uttalade krav ställer Ni på era leverantörer av hus? 

Listan används till att verifiera och stimulera 
a. Utseende på offert formalia 
b. Media (papper, e-post) 
c. Bemötande (ex svarstider) 
d. Service (ex kunskap om produkt) 
e. Hus (ex teknisk specifikation, AMA, BBR etc.) 
f. Pris (fast pris, index, kvadrat meter) 
g. Kvalitet (AMA, utöver AMA?) 
h. Leveransprecision (vecka, dag, timma) 
i. Annat? 
j. Outtalade? 

7. Hur tycker du att leverantörer uppfyller kraven för anbudet? 
a. motivera 

Genomförande projektet 
8. Kan du utgå från bilderna för genomförandeprocessen (bilaga 2) och 

berätta med egna ord om hur det går till hos Er. 
9. Vad upplever du fungerar mindre bra eller som ineffektiv i 

genomförandets faser projektering och leverans/bygge 
10.Vilka förbättringar tycker du att era leverantörer skulle behöva göra i 

den här processen? 
11.Vad är värdefullt för er i ert dagliga arbete när det gäller 

genomförandefasen? 
12.Vilka formella krav ställer företaget på leverantören? 

Listan används till att verifiera och stimulera 
a. Bemötande (ex tillgänglighet) 
b. Service (ex kunskap om produkt) 
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Faktura (tid, etc) 
c. Kvalitet (AMA, utöver AMA?) 
d. Leveransprecision (vecka, dag, timma) 
e. outtalade 
f. Hur tycker du att leverantörer uppfyller kraven? 
g. Hur upplever Ni informationen du får från leverantören under 

denna fas angående ÄTA och andra eventuella ändringar? 

Avslut 
13.Vilken kontakt har Ni med leverantören efter leveransen? 
14.Hur följer företaget upp kraven under garantitiden mot leverantören? 

-------------------------------------------- 

Detaljfrågor 

Produkten 
15.Hur fångar ni upp era kunders krav för ett visst område (funktion, 

design, ekonomi, teknik) 
16.Hur viktigt är det med visningshus/Koncepthus vid nybyggnation av 

ett nytt område? 
17.Under vilka omständigheter upphandlar ni ett standard hus? 
18.Vad ogillar ni bland de befintliga standardhusen? 
19.Vilken information får er kund om husen? 

Funktion 
20.Vilken är den normala boytan som söks? 
21.Vilket är antalet rum? 
22.Hur värderar ni funktioner i boendet såsom garderober, kök 
23.Vilken roll har driftskostnad i valet på funktionalitet och layout 
24.Hur mycket tittar ni på nya smarta tekniska lösningar? (återvinning av 

värme från avloppsvatten, etc.). vem gör det? 
25.Hur omvandlar ni ekonomi till funktioner? 

Humana värden/Design 
26.Hur viktig är individuell design kontra pris för era kunder 

[samarbetspartners] 
27.Hur värdesätter ni flexibilitet i att flytta rum, fönster, panel 
28.Hur värdesätter kunden genomtänkt design 
29.Hur viktigt är det att ha spegelvända modeller? 
30.Vilken roll har arkitekten i processen? 
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31.Hur kan arkitekten tänkas kunna styras in i regelverk för en standard 
produkt? 

32.Funkis/strikt stil eller standardvilla vilket är det viktigaste? 
33.Hur viktigt anser du är valfriheten till att ändra layout invändigt? 

Teknik 
34.Vilken omfattning skall det vara på entreprenaden? (varför) 
35.Vad anser du om leveransprecision? 
36.Hur ser du på montage tid (tid för entreprenaden) 
37.Hur värderar ni leveranstid (avrop till beställning) 
38.Hur värderar ni fuktsäkert byggande? 
39.Vilken service förväntar sig era kunder vid tillval? 
40.Hur ser tillvalen ut? 

a. Farstukvist 
b. Carport 
c. Garage 
d. Ta bort/ändra väggar 
e. Bastu 
f. Färdig och inredd övervåning 
g. Energisystem 

Ekonomi 
41.Hur anser du att ekonomihänsyn påverkar kundernas val idag? 
42.Hur viktig är energiförbrukning? 
43.Vilken pris per kvm gäller
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