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I. Preface 

I. PREFACE 

…PhD students are those strange people not being able to get a real job… 

This was my apprehension five years ago, and I would have laughed if someone 
had told me that I was going to be one of them. Fortunately I got a “real job” 
after my master exam, but in some strange way I started thinking about 
becoming a PhD student instead. Do not ask me why and how I changed my 
opinion about PhD students that day, but I think I defended myself by the fact 
that I actually already had got a “real job”. This was the beginning of a choice 
that I many times have regretted. Now that I have finished my thesis, I look 
back on my years as a PhD, and I really do not have any regrets.  

My supervisor professor Lars Stehn, head of Timber structures, once said: “It
should not be easy to become a doctor”. I know he is right, but I sometimes wonder 
if it is not harder to be the supervisor. I would not have accomplished this thesis 
and my years as a PhD student without Lars’ incredible power of inspiration. I 
will miss the cooperation we have developed during my years at Timber 
Structures. My long and detailed descriptions and his feeling for concretizing 
have now ended up in this thesis that would probably had consisted of several 
hundred more pages without Lars’ “paper-burning” pen. 

Without the support from Clas Sjöberg, Erling Lind, Georg Svensson and Stefan 
Lindbäck at the TVE housing companies and the financial support from Kempe 
research foundation this research project would never have been performed. 
Thank you, very much! 

I wish to thank all my colleagues at the division of Structural Engineering, and 
especially my old and new friends at the research group of Timber Structures. 
You have brightened up my daily life, and I have had a really good time with 
you during work, tea-breaks and other fun activities. Since my move to Umeå I 
have really missed you all, and I will certainly miss my visits to LTU in Luleå! 

I am also grateful for all support from my mother, father and “frisky-sister”. You 
are always there for me, night and day. I have channelled all my frustration from 
writing this thesis and being a PhD student out on you, and you are the best 
family ever! 

Finally, all my love to you Andreas, you are the steady rock in my life, that in 
some strange way always manage to keep my artistic temperament on a smooth 
level, even through the work with this thesis. 

Umeå, April 2008 

Matilda Höök 
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II. Abstract 

II. ABSTRACT 

Industrialization and the use of timber have been put forward through their 
potential for increased efficiency in housing construction. Industrialized housing 
is based on learning from manufacturing, though it is shown that the influence 
from the construction culture should still be considered. There is room for 
further improvements, and these are particularly related to culture. Most 
scientific work on industrialized housing is based on learning from the lean 
concept, also argued to act as a catalyst for cultural change. This potential for 
cultural change is, however, a lacking area in construction research and 
specifically in industrialized housing. The aim of the thesis is thus to describe 
and understand how to approach a lean culture in industrialized housing. Based 
on a theoretical future state (from a lean culture perspective) and an empirical-
based current state of Swedish industrialized Timber Volume Element (TVE) 
housing, this thesis determines the gap between the two states and proposes 
change strategies. 

The thesis is based on four appended papers and a cover paper, all based 
theoretically on the lean concept and the construction culture. Empirical results 
are based on data gathered in a multiple case study and three focus group surveys 
with four Swedish industrialized (TVE) housing companies, a production 
questionnaire with workers at the TVE companies, and a single case study at 
one of the TVE companies. A survey comprising 64 potential customers was 
also used in the collection of empirical data.  

Results in the thesis show that industrialized TVE housing has similarities to 
manufacturing, such as stable supplier relations, a single process owner and the 
repetitive factory production. However, it is found that the construction culture 
(based on norms of traditional, on-site and project based construction) still 
influences the organizational culture of industrialized housing related to a 
lacking standardization of work and routines, lacking employee loyalty to settled 
strategies and a lack of top-management support and strategies. It is shown that 
long-term influence and cultural change towards a lean culture in industrialized 
housing are achieved by:  

Standardization of process 

Manage unique projects in repetitive process 

A top-down (performance focused) and bottom-up (person focused) 
change process 

Small-step changes 
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III. Sammanfattning 

III. SAMMANFATTNING 

Industriellt och träbaserat byggande har lyfts fram för sin potential för en ökad 
effektivitet i husbyggandet. Industriellt husbyggande kan relateras till lärande från 
tillverkningsindustrin, men byggandekulturen måste fortfarande beaktas när 
utveckling av industriellt husbyggande diskuteras. Det finns möjligheter till 
ytterligare förbättringar och dessa är speciellt relaterade till kultur. Forskning 
inom industriellt husbyggande är främst baserat på lärande från lean-konceptet, 
vilket också har argumenterats vara en katalysator för att uppnå förändringar i 
kultur. Kulturella förändringar relaterade till lean-konceptet utgör däremot ett 
glapp i byggforskningen och i synnerhet när det gäller industriellt husbyggande. 
Avhandlingens syfte är därmed att beskriva och förstå hur en lean kultur kan 
uppnås i industriellt husbyggande. Baserat på ett teoretiskt börläge (från ett 
kulturellt perspektiv) och ett empiriskt baserat nuläge för Svenskt industriellt 
TräVolymByggande (TVB), utvärderar denna avhandling glappet mellan nuläget 
och börläget och föreslår förändringsstrategier. 

Avhandlingen baseras på fyra artiklar och en kappa, där artiklarna och kappan 
har sin teoretiska bas i lean-teori och byggandekultur. Empiriska resultat är 
baserade på data insamlade genom en multipel fallstudie och tre 
fokusgruppintervjuer med fyra svenska TVB-företag, en produktionsenkät med 
arbetare vid TVB-företagen samt en fallstudie vid ett av TVB-företagen. 
Intervjuer med 64 potentiella kunder har också använts vid insamlandet av 
empirisk data. 

De funna resultaten i avhandlingen visar att trävolymbyggande har likheter med 
tillverkningsindustrin, såsom stabila leverantörsrelationer, en processägare och en 
repetitiv fabriksproduktion. Däremot påverkar byggandekulturen (som är 
baserad på värden i traditionellt plats- och projektbaserat byggande), fortfarande 
organisationskulturen i industriellt husbyggande, t.ex. när det gäller bristen på 
standardiserade arbetssätt och rutiner, bristande lojalitet hos anställda gällande 
fastställda strategier, samt bristande support och tydliga strategier från 
företagsledningen. En långsiktig påverkan och förändring av kulturen mot en 
lean kultur i industriellt husbyggande kan uppnås genom: 

Standardisering av processer 

Hantering av unika projekt i en återkommande process 

Förändringsprocesser med ett samtidigt ”top-down” (prestationsbaserat) 
och ”bottom-up” (personrelaterat) perspektiv 

Förändringar i små steg 
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1. INTRODUCTION 

This thesis is about industrialized Swedish timber volume element housing and the 
potential future development in approaching an organizational lean culture. An 
understanding of how industrialized factory based companies can approach a lean culture 
defined from practices, tools and attitudes and how this can be obtained practically are the 
rationales for this research. 

1.1 Background 

Construction is generally known for its outstanding project management, where 
large and complex projects are handled, e.g. with innovative problem solutions 
that arise at the construction site. However, construction as an industry has also 
been blamed for its poor performance, mainly when compared to process based 
industries such as manufacturing, and it is argued that there are few 
improvements in construction compared to manufacturing (Winch, 1998). This 
ongoing debate about low profitability and high construction and error costs 
have led to increasing demands for cost savings, quality and longer guarantees in 
construction. 

The consensus among governmental appointed building investigations (SOU, 
2002; SOU, 2000) is that the Swedish construction sector is in need of change. 
A proposed way towards construction development in Sweden is 
industrialization (Boverket, 2006; Industrifakta, 2006). According to Apleberger 
et al. (2007), the emerging industrialization development in Sweden follows an 
international trend. Koskela (2003) argues that industrialization is one solution 
to the problems and development needs of construction. Industrialization and 
prefabrication is also argued to be key visions for improved performance e.g. in 
Australia (Hampson and Brandon, 2004) and UK (Egan, 1998). 

Two reasons why industrialization efforts in Sweden are mostly found in multi-
family and multi-storey housing are 1) the increased requests for dwellings,

9



1. Introduction 

mainly in city districts, Figure 1.1, and 2) industrialization requires the repetition 
effects in production; these possibilities are mainly found in housing.  

Figure 1.1: Dwellings in buildings begun by type of building 1960-2006 (SCB) 

The definition of industrialized housing applied in this thesis is:

Production is done in a closed factory environment, where only assembly and some 
finishing are performed at the construction site, with one owner of a specific process who 
has a clear goal of selling, producing and delivering a product based on repetition in 
housing design and production.

This definition of industrialized housing relates to a specific process defined by 
the product and is independent of the production method. Hence, different 
types of industrialized housing production methods can be integrated in the 
definition. Industrialized housing is based on taking control of the construction 
process being conducted with industrial principles using prefabricated 
components, but with a varying degree (preferably more than 50%) of 
production performed in factories (also called prefabrication degree).

The need for improvements in Swedish housing has also resulted in a national 
strategy promoting the use of timber in housing as a catalyst for increased 
quality, where the excellent prefabrication (material) characteristics of timber 
should be further developed (Ds, 2004; VA, 2004). For the last ten years, the 
research group of Timber structures, Luleå University of Technology, has 
studied industrialized timber housing in different projects. The empirical 
research and understanding of industrialized housing in this thesis are thus based 
on Swedish Timber Volume Element (TVE) prefabrication, representing a 
building system that relates to the definition of industrialized housing, further 
described in chapter 1.4. 

10



1. Introduction 

1.2 Research motives 

Why conduct an investigation on industrialized (and timber) housing, and what 
are the most critical improvement areas? Although industrialized housing is a 
growing trend, literature within the area is limited. Luleå University of 
Technology has several ongoing and completed research projects that focus on 
different (general) development areas for industrialized TVE housing. Johnsson 
et al. (2006): An IT-based investigation on how to automate the design process 
in four TVE companies; Meiling (2007): quality assurance of the product 
development at one TVE company and a staircase producer (i.e. a sub-supplier); 
and Stehn and Levander (2007): whole life costing calculations for addressing 
building owners’ uncertainties. The conducted studies have investigated the 
industrialized TVE building system, focusing mainly on the product and 
production from different perspectives. 

Having identified the benefits of Lean Production in manufacturing, the 
application of lean principles in construction in general (within the research 
community of Lean Construction (e.g. Koskela, 2000) is increasing, and most 
scientific work on industrialized housing is based on learning from the lean 
concept. Some examples are Lessing et al. (2005): characterization of 
industrialized housing on the concept of lean production and Björnfot (2006): 
understanding industrialized housing using the lean thinking concept. However, 
in my licentiate thesis (Höök, 2005) it was shown that it is not possible to 
directly adopt manufacturing techniques and culture because a traditional and 
project based construction culture is still a large part of industrialized housing. 
Today, industrialized housing is found in the interface between the culture in 
traditional construction (implying a project focus with a “one-of-a-kind” 
perspective) and a manufacturing culture (implying a repetitive process focus), 
Figure 1.2.

Figure 1.2: Industrialized housing in the interface between construction culture and 
manufacturing culture (adapted from Höök, 2005). 

Apleberger et al. (2007) conclude that future developments in industrialized 
housing must include long-term customer and supplier relations together with a 
social context and cultural perspective. The eight characteristics of industrialized 
housing in Lessing et al. (2005), such as planning and control of the process, 
systematic performance measuring and reuse of experience, are connected to an 
organizational culture that incorporates how the production is performed, how 
the product is designed and relations to customers and suppliers. Schein (2004) 
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1. Introduction 

claims that if one wants to make construction organizations more efficient and 
effective, the role of the culture have to be better understood and consistent 
with organizational goals and strategies. Thompson (1993) argues that 
congruence also must exist between the organizations values and the 
environment.  

Cultural shifts are also promoted to improve the effectiveness and 
competitiveness of the construction industry in Great Britain (Egan, 1998), and 
Barthorpe et al. (2000), supported by Zuo and Ma (2005), argue that managing 
culture must be considered a major issue in construction development for the 
new millennium. Hence, industrialized housing has to approach the 
manufacturing culture to improve further, while considering and adopting this 
culture in the construction context. 

The lean concept has been identified as one agent to catalyze a cultural change 
in construction (Kumaraswamy et al., 2002). Due to the claimed cultural change 
potential, the lean concept not only relates to the need of increased efficiency 
and quality, but also corresponds to the need of an understanding and change of 
culture. Learning from the lean concept to construction (mostly conducted 
within the Lean Construction research community) has until today principally 
focused on the production efficiency and the planning and control of the 
processes, thus seemingly neglecting the cultural and social aspects (Pavez and 
Alarcon, 2007). There are some studies that focus on lean from the cultural 
aspects in construction (e.g. Chan and Tse, 2003; Thomas et al., 2002; Zuo and 
Ma, 2005; Zuo and Zillante, 2005), though these studies are performed on a 
project level and directed towards on-site construction. Therefore, previous 
research (including my own licentiate thesis) indicates the importance and need 
for understanding of cultural aspects, but has not deepened the understanding of 
a lean culture or argued how to approach a lean culture in industrialized 
housing.

1.3 Aim and research questions 

Based on the research motives presented, the aim of this thesis is to: 

Describe and understand how industrialized housing can approach a lean culture 

With approach, the aim addresses the fact that a lean culture has to be adopted in 
a construction culture context. Industrialized housing companies are found in a 
specific industry setting, the construction culture, and an understanding of how
to adopt a lean culture in this specific context is imperative. In this thesis, the 
lean concept is evaluated at an organizational cultural level that focuses on the 
culture as an organizational attitude, though where specific lean principles and 
practices form this lean culture, following the definition of Hofstede (2005). The 
aim in approaching a lean culture in industrialized housing is thus twofold, i.e. 

12



1. Introduction 

find improvement areas that can be developed by a lean cultural approach and 
find change strategies towards the lean culture.

The lean culture is seen as an important development goal in industrialized 
housing, and is utilized as a model for an industrialized housing organization to 
strive for, i.e. the lean culture characterizes a future state. To understand how a 
lean culture can be approached the current state and the “strived-for” future 
state of industrialized housing must be understood. On a cultural level this 
understanding is obtained by studying the practices of industrialized TVE 
housing, i.e. the design of the current production process and product. The 
current state is where industrialized housing is today, regarding the product and 
production process, and related to the industry and organizational culture. The 
future state is what is hypothetically aimed at and is described by the lean 
organizational culture. The aim in the thesis is met by performing the research 
in five steps: 

1) Identifying the current state of industrialized TVE housing 

2) Evaluation of the lean concept through a cultural view, the lean culture, as a model 
for a future state 

3) Comparison of the current state to the lean culture (future state) 

4) Identifying development areas of the current state compared to the future state. 

5) Develop strategies and suggestions for an approach towards the lean culture in 
industrialized TVE housing 

This thesis consists of four appended Papers and this cover Paper. My licentiate 
thesis can be seen as a pilot study and the basis for the chosen direction in this 
doctoral thesis. Paper I was part of the licentiate thesis and Paper II is based on 
the results found in the licentiate thesis. Paper III and Paper IV and the 
empirical investigations presented build on the development needs found in the 
licentiate thesis. The appended Papers contribute to the steps 1) to 4) addressed 
above. The cover Paper deepens the understanding of the future state and 
suggests strategies for change in industrialized housing towards a lean culture. 

Throughout the research project and the Papers, my understanding of 
industrialized housing, the meaning of the empirical results, and the theoretical 
understanding of the results has evolved. Hence, the theoretical perspectives and 
the understanding of the empirical results sometimes differ between the 
appended Papers and this cover Paper. However, the combination of these 
Papers and the cover Paper broadens the understanding of the context and 
contributes to the aim of the thesis. 
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1. Introduction 

1.4 Timber Volume Element prefabrication 

1.4.1 Historical perspective 

The history of Swedish TVE prefabrication started in the 1950s. The principal 
product was either detached housing or standardized booths and barracks 
produced in factories where the exterior was characterized by the volume 
element technique. Mainly based on concepts for movable houses, these volume 
element products then developed towards permanent buildings with a higher 
amount of customization and flexibility, even though a high degree of 
standardization was maintained.

In 1995, when the Swedish building codes were changed, TVE housing 
manufacturers faced two different strategies. Some continued to focus on 
commercial buildings (schools, office-buildings) whereas others developed from 
detached housing and entered the market of multi-storey housing. Today, TVE 
housing manufacturers prefer either of the two strategies. 

1.4.2 Production process 

The actual production process in industrialized TVE prefabrication begins in the 
sales process that (for a 20 apartment house) takes around 12 weeks, followed by 
the design phase of 12 weeks, and the production (manufacturing) phase of only 
4 weeks. Assembly of a house on-site only takes between 1 to 4 days (depending 
on the size), but the on-site finishing (installations etc) requires another 4 weeks. 
Of the total production time for a volume element house, 80-90% occurs in the 
factory or within the assembled house on-site, both indoor conditions.

The building system is based on timber volume element prefabrication, where 
the timber volume element (TVE) is a closed three-dimensional structure built 
up by floor, roof and wall elements. The production phase for a single volume 
element is divided into five stages, as well as the complete production process, 
Figure 1.3. Work is based on craftsmanship with handheld tools and the 
factories have static workstations where elements such as interior roofs, floor 
structures, partition and volume separating walls are manufactured. The frames 
of the elements are finished first, and thereafter the electrical installations are 
placed inside and the elements are insulated. Boards are then placed on the 
frame to seal out the elements, and window panes and doors are assembled to 
the frames. The finished wall elements are affixed onto the floor structure 
element and the roof element is placed on the top. The volumes are completed 
with flooring, finishing, installations, wardrobes, cabinets and white goods. The 
completed volumes are then covered with moisture-proof tarpaulins before 
being transported by truck to the construction site. The volumes are assembled 
into the complete house at the construction site.  

14



1. Introduction 

Figure 1.3: Production process including volume element production 

1.5 Demarcations 

This thesis comprises an understanding of a lean culture in industrialized housing 
in a construction cultural context, but does not include construction in general, 
such as monumental buildings, bridges and roads. However, the construction 
culture is generally considered, but only by its influence on the social and 
cultural context that industrialized housing is a part of.  

The studied industrialized TVE housing companies have not adopted a strategy 
to become lean, and hence lean principles are not applied to the companies and 
their production. Rather, this thesis is based on finding and suggesting possible 
development strategies towards a lean culture, though they are not practically 
evaluated in industrialized housing. 

Timber volume element housing is related to the whole process included in the 
product offer, i.e. from design to a complete house or project. However, 
structural engineering and technical solution developments for industrialized 
housing and the timber volume elements are not explicitly considered in this 
thesis.

Paper II considers the total population of Swedish TVE producers that 
manufacture and offer commercial, multi-family and multi-storey houses, but 
does not include detached housing for private consumers. Potential and present 
customers are demarcated in the study to primary purchasers of the TVE 
product offer, such as real estate trustees, municipalities, etc., and not final 
customers such as private tenants. The attitudes of final customers influence the 
demands of TVE prefabrication, though in this research this effect is considered 
through primary customers and purchasers.  
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1. Introduction 

Other areas that may influence the development of industrialized housing and 
TVE prefabrication towards a lean culture are, for example, governmental 
strategies, though these aspects have not been included in the study. From an 
industry perspective, governmental strategies are mentioned, but not further 
developed in this research. 

Consequences of the demarcations presented above are further discussed in 
chapter 3 and 5 regarding validity and generalization. Demarcations, choice of 
theoretical concepts, and consequences of these choices are discussed in chapter 
2.

1.6 Disposition of the thesis 

This thesis is structured into two parts. The first part is the cover Paper 
containing chapters 1 to 6 described below. The second part comprises four 
appended Papers presenting the main empirical results, specific literature and 
analyses. 

Chapter 1: Introduces the reader to the research area, presents the research 
motives, aim and research questions and guides the reader through 
the disposition of the thesis.

Chapter 2: Contains the theoretical framework with the purpose to link the 
appended Papers, serve as a basis for analysis of empirical results, 
and cross Paper findings and analysis presented in chapter 4. 

Chapter 3: Presents the research process and the researchers’ background 
together with a description and discussion of research strategy and 
design.

Chapter 4: Shows and analyses empirical results presented in appended Papers, 
together with additional findings from the research project and the 
licentiate thesis.

Chapter 5: Summarizes the findings and conclusions in the thesis, and presents 
suggested development strategies towards a lean culture as well as 
proposals for further research.

Chapter 6: Presents references referred to in chapters 1 to 5. 
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1. Introduction 

Paper I: Connecting lean construction to prefabrication complexity in 
Swedish Volume Element Housing.

Written by Matilda Höök and Lars Stehn and published in 
proceedings of the 13th Annual Conference on Lean Construction 
(IGLC-13), Sydney, Australia, 2005. Matilda Höök’s contribution 
was planning, performing and evaluating the multiple case study. 
Both authors contributed to fundamental ideas for the Paper. The 
first manuscript was outlined by Matilda Höök, examined by Lars 
Stehn, and finished by Matilda Höök. 

Paper II: Customer value in lean prefabrication of housing considering both 
construction and manufacturing

Written by Matilda Höök and published in proceedings of the 14th

Annual Conference on Lean Construction (IGLC-14), Santiago, 
Chile, 2006. The empirical results in the paper are based on focus 
group surveys with key persons from the TVE companies and a 
customer survey. Matilda Höök planned and performed the 
customer survey, and evaluated the data statistically. The author 
documented and analysed all focus group surveys and wrote the 
complete paper. 

Paper III: Applicability of lean principles and practices in industrialized 
housing production 

Written by Matilda Höök and Lars Stehn, and is tentatively 
accepted for publication in Construction Management and 
Economics (Spon Press). Matilda Höök’s contribution was the 
fundamental ideas, planning and performing of the production 
questionnaire. Matilda Höök performed the statistical principal 
component analysis of the empirical data and wrote the main body 
of the paper, while the overall analysis was performed with the co-
author. 

Paper IV: Lean principles in industrialized housing production: the need for a 
cultural change 

Written by Matilda Höök and Lars Stehn, and is tentatively 
accepted for publication in Lean Construction Journal. Matilda 
Höök’s contribution to the Paper was the fundamental ideas, 
planning, performing and evaluating the production questionnaire. 
The case study was performed in a master thesis supervised by 
Matilda Höök. Matilda Höök wrote the majority of the paper and 
Lars Stehn contributed with valuable viewpoints and comments. 

17



1. Introduction 

Appended Papers and conclusions can be read and understood independently 
from each other, though for the reader to properly understand cross Paper 
findings and systems conclusions in the thesis, the reader is recommended to first 
read chapters 1 to 3 in this cover Paper, followed by the four appended Papers 
and conclude with chapters 4 to 5. To obtain an increased readability of the 
thesis, a plain outline and discussion of the chosen research strategy and method 
are found in chapter 3, while a deeper description of the research design is 
attached in Appendix I-III.

18



2. THEORETICAL FRAMEWORK 

This chapter presents the theoretical framework of the thesis and outlines the model of 
analysis.  The theoretical framework aims for an evaluation of the lean concept through a 
cultural view, the lean culture, as a model for a future state in industrialized TVE 
housing, and a theoretical understanding of how to approach a lean culture (understand 
cultural change). 

2.1 Introduction 

The specific purpose of the theoretical framework is to develop a model of 
analysis related to the characterization of a lean culture as a future state. The lean 
concept is developed in manufacturing environments while industrialized 
housing is part of the construction industry. The purpose of the theoretical 
framework is obtained through a theoretical evaluation of the lean concept and 
the construction context from aspects of culture laying out the theoretical path 
to follow to change strategies to approach the lean culture in a construction 
context, Figure 2.1.

There are other theoretical concepts than the lean concept that could have been 
used to understand and propose improvements for industrialized TVE housing. 
McGeorge and Palmer (2002) set out seven concepts that have been in focus in 
construction the last two decades: Value management, Constructability, 
Benchmarking, Reengineering, Total Quality Management, Supply Chain 
Management, and Partnering. All related to the perceived problems of 
fragmentation in construction. However, industrialized TVE housing does not 
show the same problems of fragmentation in the value chain as traditional on-
site construction (Höök, 2005) and is more related to factory production and 
manufacturing, which is the basis for the lean concept. Figure 2.1 shows how 
the evaluation is performed considering an organizational level in an industrial 
context. 
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Figure 2.1: Evaluation of the lean concept and construction context through a 
cultural view 

There is however a risk in the use of the lean concept through the eyes of 
culture as a future state in industrialized housing. It is important to understand 
that there is no ideal culture or model able to guarantee success for a company 
because every company is unique and so is industry (Brown, 1995). Hence, this 
thesis evaluates the lean concept from different perspectives; this framework 
(together with Paper II) evaluates the lean culture to the specific industry 
context, while the empirical studies (mainly presented in Paper I, Paper III and 
Paper IV) evaluate the lean culture from an organizational view considering the 
influence from the construction culture.  

The lean concept and culture is the model that is evaluated, therefore the 
construction context and culture is dealt with as independent variables. This 
means that the construction context and culture are excluded from the model of 
analysis specifically, but are used in the analysis of the lean culture in the 
theoretical framework. This also means that the characterization of the 
construction culture is used to understand the approach (cultural change) toward 
a lean culture in a construction context. 

2.2 Culture 

Culture, as a theoretical field, has been claimed to be one way to understand 
underlying patterns of thinking and behaviour in a social context (Schein, 2004). 
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Schein (1999) assert that culture is important because “it is a powerful, latent 
and often unconscious set of forces, that determine both our individual and 
collective behaviour, ways of perceiving, thought patterns and values”. Culture 
in research has been studied in different dimensions and is a complex 
conception, which is why it is difficult to give a single definition (Rollinson and 
Broadfield, 2002; Ott, 1989). For some culture refers to an appreciation of good 
literature, music, art, and food.  For a biologist, it is likely to be a colony of 
bacteria or other micro organisms. For anthropologists and other behavioural 
scientists, culture is the full range of learned human behaviour patterns. Other 
acknowledged cultural dimensions are e.g. national culture (Hofstede 1980, 
1998, 2005; Trompenaars 2003; Trompenaars and Hampden-Turner 1998), 
industry culture (Hofstede, 2005; Riley and Clare-Brown, 2001) and 
organizational culture (Deal and Kennedy, 1982; Handy, 1985; Schein, 2004).  

In this thesis the interest lies in the understanding and evaluation of 
organizational culture, i.e., the culture forming or formed by an organization 
related to the industrialized housing companies. The understanding of the 
construction culture and the construction industry is connected to the theory of 
industry culture, which embraces the behaviour and minds found in a specific 
industry.

2.2.1 Organizational culture 

In general terms, organizational culture is the personality of the organization and 
is comprised by the assumptions, values and practices of organization members 
(Schein, 2004). New members of an organization soon come to sense the 
particular culture of an organization. 

Pepper (1995) has identified six reasons why the study of culture is relevant 
regarding a deep understanding of organizations: 

Culture focuses on communication at all levels of a corporate hierarchy 

Culture focuses on daily routine and “sense-making” that is the process of 
building identities and shared reality among organization members 

A cultural approach focuses on largely ignored issues such as assumptions 
and brings underlying values and motives to the surface 

Understanding of culture offers insight to managers and leaders of 
organizations

Understanding culture will help identify novel approaches and 
understanding of future organizations 

Culture is pervasive, not simply a variable that affects the organization, 
but indistinguishable from the organization
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Because the lean concept is believed to outline a future state and a culture to 
strive towards in industrialized housing, the above objectives for using an 
organizational culture approach all relate to the intention to understand the lean 
concept both from a philosophical and practical view point.

Organizational culture has been defined in various ways. Hofstede (1980) 
describe organizational culture as the “collective programming of the mind”, 
and another (and what seems to be the most frequent) definition of 
organizational culture relates to “how things are done around here” as stated by 
Drennan (1992). Organizational culture is thus the underlying mind of people 
and Weiner (1988) claims that most researchers of organizational culture agree 
that shared values are a key element in the definition of culture. However, many 
definitions seem to hide the fact that the organizational culture is built up by 
many factors and is influenced by variables that change over time. A wider 
definition of organizational culture is thus that by Schein (2004) who defines 
culture in a development context, meaning that culture is: 

”a pattern of shared basic assumptions that has been learnt whilst solving problems, that 
has worked well enough to be considered valid and, therefore, to be taught to new members 
as the correct way to perceive, think, and feel in relation to those problems” 

Hence, culture develops through traditional methods by which things are done 
and the acceptable standards are established and become the norm. By viewing 
lean as an organizational culture, the concept of lean is not solely related to an 
eclectic selection of tools, or as a philosophy to solely remove waste with the 
producer in mind. Instead the lean culture is viewed as the understanding of the 
lean underlying mind, closely connected to the culture definition by Schein 
(2004). This means the lean culture is related to the shared assumptions that 
have proven to be successful and to be the known “best way” to think and act 
from the basis of the lean concept.  

2.2.2 Industry culture 

Compared to research undertaken within organizational culture, the research 
field of industry culture, as a concept, is a limited theoretical area, and much of 
the industry culture research is enclosed in the organizational culture research 
(e.g. Hofstede, 2005). Organizations within an industry share distinct cultural 
values and practices (Chatman and Jehn, 1994; Gordon, 1991), with a 
communality that is not random, but arises from similar industry demands 
(Hofstede et al., 1990). Christensen and Gordon (1999) note that it is clear that 
the influence an industry has upon the culture of its members relates to the 
nature and certain characteristics of the industry. The authors further emphasize 
that it is not the characteristics themselves (as capital intensity) that is important, 
but its effect on “how things are done” in the industry. These arguments relate 
to the belief that the industry culture of construction influences the 

22



2. Theoretical framework 

organizations of industrialized housing and thus the approach towards a lean 
culture in the companies. There is however a change in emphasis when 
comparing national, industry and organizational culture; the shift is from values 
to practices (Hofstede, 2005), Figure 2.2.

Figure 2.2: Differences between national, industry, and organizational culture (from 
Hofstede, 2005) 

Accordingly an industry culture shows an equally weighted set of values and 
practices. In this research this implies that when the organizational culture is 
evaluated the emphasis is on the practices because the practices form the culture. 
When the industry culture is evaluated and discussed, the emphasis is more on 
values, although practices still have their place in the understanding, as stated by 
Christensen and Gordon (1999). A more thorough discussion and evaluation of 
the influence of the industry culture on the organizational culture in 
industrialized housing is found in Paper III and Paper IV. 

2.2.3 Cultural change 

The concept of culture is also important when attempting to manage change 
and development. The illustration by Hofstede (2005) in Figure 2.2 implies that 
organizational culture can be influenced if practices are changed, but that 
industry culture should be influenced more by values. Because deep-rooted 
values (e.g. values of the construction industry culture) are more difficult to 
influence (at least in a short-term), it is the organizational culture at the 
industrialized housing companies that might be influenced by an approach 
towards a lean culture. Hence, understanding and developing practices and 
working methods are important in the industrialized housing companies to 
understand an approach towards a lean culture. In this study the cultural change 
of the organization is in focus, while other research (e.g. Apleberger et al., 2007) 
suggests industry changes through governmental strategies. 
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Over the past decade much literature (e.g. Akgün et al., 2007; Cameron and 
Quinn, 1999; Gagliardi, 1986; Schein, 1999) has been generated to better 
understand how to manage change in organizational cultures. However, when 
organizational culture and change is aimed at, one has to keep in mind that it is 
a long-term commitment. Organizational culture is hard to influence because it 
is in the mind of the employees (Schein, 2004). For companies with a very 
strong and specific culture it will be even harder to influence the current culture 
(Kotter and Heskett, 1992). Cummings and Worley (2005) present six 
guidelines for organizational cultural change, Table 2.1. 

Table 2.1: Guidelines for organizational cultural change (adapted from Cummings 
and Worley, 2005). 

Guideline Description

Formulate a 
clear vision 

In order to make a cultural change effective, a clear vision of the 
firm’s new strategy, shared values and behaviours is needed. 

Display top-
management
changes

A cultural change must be managed from the top of the 
organization, as willingness to change of the senior 
management is an important indicator. 

Model culture 
change at the 
highest level 

A successful modelling of the cultural change develops a 
picture that is appealing to employees, customers and 
stakeholders. If the vision is too complicated or too blurry, such 
that its essence cannot be easily communicated, the vision is 
inadequate.

Modify the 
organization to 
support
organizational
change

Guide the organization to empower others to take action by 
communicating the new vision. Any obstacles that might 
prevent changes must be removed. These obstacles or 
“blockers” are of three kinds; the organizational structure may 
impede change, staff may resist by placing self-interest ahead 
of institutional goals, and senior staff may make demands that 
are inconsistent with the overall effort. 

Select and 
socialize
newcomers and 
terminate
deviants

Long-term implementation is connected to the organizational 
membership. Until new behaviours are rooted in the 
organization’s social norms and shared values there is always a 
danger of degradation to the old ways. Two factors are 
particularly important in the change process - demonstrating 
why the new approaches have helped improve performance 
and ensuring that the next generation of top management 
personifies the new approaches. 

Develop ethical 
and legal 
sensitivity

Changes in culture can lead to tensions between organizational 
and individual interests, which can result in ethical and legal 
problems for practitioners. 
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2.3 Lean concept 

2.3.1 Background to the lean concept 

The concept of lean began in manufacturing environments in the 1950s, and is 
based on Toyota’s development of ideas that later became the concept of lean. 
Lean development was pushed by a Japanese industry that was exhausted, with 
suffering infrastructure, financial weakness and low levels of demand, leading to 
the need for high flexibility, short lead times and coordinated supply chains. 
Based on the need for change, Taiichi Ohno at Toyota built on the already 
existing internal schools of thought (with inspiration from Henry Ford and 
Taylor) and spread its breadth and use into what has now become the Toyota 
Production System (TPS). It is principally from the TPS, but now including 
many other sources, that the lean concept is developing.

It is generally claimed that the concept of lean was at first introduced to the 
western world with the book “The Machine that changed the World” 
(Womack et al., 1990). The book introduced the term “lean” which actually 
was a description (from an US point of view) of TPS and its evolution. 
However, almost a decade earlier major studies on just-in-time (JIT) and the 
TPS were published by Hall (1983), Monden (1983) and Schonberger (1982), 
but these were not accepted in the same manner as Womack et al. (1990). “The 
Machine” was influenced by the coincidence of the publication with a major 
crisis of the US auto industry. Holweg (2006) argues that the book was a “story 
of fear and hope” at a time when it was obvious that the western manufacturing 
industry was in distress. Although the lean concept has developed since the 
western introduction, the conclusions of Holweg give us important information 
about approaching a lean culture and cultural change in different areas. Lean is 
best accepted and understood when a crisis is experienced and when the lean 
message is relevant to practitioners’ own concerns. 

The commonly-used terms to describe the lean concept are lean manufacturing 
or lean production, although these terms mainly relate to the US concept of 
lean. Lean  production and TPS are often (but in some sense incorrect) argued 
to be similar, because the TPS is related to the Japanese way of doing things 
while lean manufacturing/production is more related to the US apprehension of 
how things are done in TPS.  

2.3.2 Lean culture 

Definitions and descriptions of lean vary, and the apprehension of the goal and 
focus of lean seems to differ. Nightingale and Mize (2003) and many others, 
define lean as a process of eliminating waste with the goal of creating value. 
Motwani (2003) assert a similar description and claim, in his background to a 
lean business process change framework, that management of lean should: 
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“Focus on each product and its value stream rather than organizations, assets technologies, 
and career paths... identify which activities are waste and which truly create value.” 

This usual definition of lean is also found in Paper I and Paper II where the 
definition of lean is: “lean is about waste elimination and value creation”.

A debate in lean research (e.g. Hall and Leidecker, 1981), related to the 
definition of lean, compare the lean concept to other improvement and 
management methods. Cristiansen et al. (2003) and Shah and Ward (2003) state 
that the concepts promoted by lean includes many of the characteristics from 
Just-In-Time (JIT), Total Preventive Management (TPM), Total Quality 
Management (TQM), and Human Resource Management (HRM). From this 
point of view lean can be seen as taking a very similar approach to other 
improvement methodologies. However, Forsza (1996) asserts that lean as a 
management method differentiates itself through its relationship with the market 
in the sense that the market influences production. In the comparison of the 
lean concept towards Fordism and Taylorism, Forsza (1996) claims a second 
difference, which is where human workforce is seen as a resource which 
naturally wants to work. Forza means that this has given way to the idea of a 
unified community with a strong cultural identity and a climate of greater 
collaboration. 

The importance of the people in an organization as a part of a lean culture has 
through the research project evolved to become a part of the understanding, and 
has thus been included in Paper III and IV where the arguments of Veech 
(2004) are followed. Veech claims that a company must build on a platform of 
employee satisfaction and a person-focused culture in order to master the lean 
techniques. Veech argues that there is a difference between lean organizations 
and conventional organizations doing lean things. The difference lies in the way 
the company views its workers. A conventional organization focuses on getting 
things from the employees, as improved productivity, ideas and work. A true 
lean company focuses on improving people and providing something for the 
employees. Veech (2004), supported by Mann (2005), implies that the lean tools 
have to be viewed as tools for improving people, and state that: 

“Focus on the people and the results will follow. Focus on the results, and you’ll have the 
same troubles as everyone else – poor follow-up, lack of interest, no ownership of 
improvements, diminishing productivity.” 

This theoretical view of lean leads us to understand where the focus has to be, 
and that is a two-sided focus of performance and people. In the following the 
performance/people focus in the lean culture is discussed from a “tool-based” 
versus a “flow-based” approach. The tool-based approach is related to the view 
that seems to be shared by many, i.e., that lean is a set of tools that assist in the 
identification and steady elimination of waste, improvement of quality, 
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production time and cost reduction. From this point of view, lean is taking a 
very similar approach to other improvement methods such as JIT and TQM.  
However, the second approach, the flow-based approach, is the one that is 
promoted by Toyota. Here the focus is on improving flow or smoothness of 
work (through continuously eliminating waste) through the system and not on 
waste reduction per se. This is argued to be the fundamental difference of lean 
compared to other improvement methods. The difference between the tool-
based and the flow-based approach is thus not the goal but the prime approach 
to achieving the goal. The implementation of smooth flow exposes quality 
problems that already exist and thus waste reduction naturally happens as a 
consequence. In the flow-based approach the tools are seen as work-arounds 
made necessary where flow could not be fully implemented and not as aims in 
themselves. Toyota's view is that the methodology is not the tools but the 
method of exposing problems systematically and to use the tools where the ideal 
cannot be achieved. However, what seems to be even more important, from the 
Toyota view, is that all of the concepts, tools and techniques have to be 
understood, appreciated, and embraced by the actual employees who build the 
products and therefore own the processes that deliver the value. The cultural 
and managerial aspects of lean are thus just as important, and possibly more so, 
than the actual tools or methodologies. 

The flow-based approach to a lean culture is followed in the book “The new 
lean toolbox” (Bicheno, 2004). In the explanation to what lean really is, it is 
emphasized that the first principle in TPS is “the customer first”. This is 
accomplished by the flow in Figure 2.3. A lean tool is employed that have the 
underlying aim of improving customer benefits. One example ((1) in Figure 2.3) 
is e.g. the lean 5S tool that has the direct practical purpose of “cleaning” the 
workplace. The indirect purpose of the tool is to work on standardization and 
employee involvement by making the workplace a better place for workers (2), 
which in turn creates thinking people (3), and in the end customer benefits (4). 

Figure 2.3: Customer focus in a lean culture 
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The focus on the customer first is however not an aim in itself. A customer first 
perspective has the aim of a long-term perspective of increased profit. To 
achieve this, the whole supply chain has to focus and cooperate towards the 
customer first, but there have to be incentives for the actors, and this is obtained 
by the long-term profit that can be achieved for all actors in the supply chain. 
Without the common goal of increased profit, actors are likely to favour their 
own part ahead of the totality. An economic based visualization related to this 
view of a lean culture is outlined in Figure 2.4 

Figure 2.4: Economic based visualization of lean culture 

From Figure 2.4 the profit is the aim and the price is defined by the customer 
and is therefore fixed. The only thing that can improve the profit is thus the 
cost. Cost is based on performance, and performance is influenced by the 
capacity of working people. Based on this discussion, it is concluded that to 
achieve the common goal of improved profit, costs have to be reduced, and to 
achieve reduced costs, focus has to be on the people delivering value and the 
performance as a means to reach the goal. Hence, the definition of a lean culture 
adopted in this thesis is: 

“Shared assumptions that the common goal is increased long-term profit, achieved by 
decreased costs and waste (performance), through a focus on customers and the people that 
create value.” 

2.3.3 Lean cultural change 

Change towards a lean organizational culture can be described by an approach 
of lean principles, and specifically practices (Hofstede, 2005). Lean principles and 
practices included in most applications in different industries originate from the 
TPS or a conception of lean production. The approach towards a lean culture in 
construction has however developed into its own theory building, lean 
construction. 

Toyota Production System (TPS) 

The Toyota Way (Liker, 2004) characterization of lean through principles is 
amongst the most cited lean descriptions. Liker states that lean is a system 
designed to provide the tools for people to continually improve their work, 
which means more dependence on people, not less. Lean is by Liker claimed to 
be a culture, even more than a set of efficiency and improvement techniques, 
and that the system is dependent upon the workers to reduce inventory, identify 
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hidden problems, and fix them. Liker describes how to approach a lean culture 
by four sections and underlying principles, Table 2.2. 

Table 2.2: Lean principles (adapted from Liker, 2004). 

Sections Principles

I: Long-term
philosophy 

Base your management decisions on a long-term 
philosophy, even at the expense of short-term financial 
goals.

II: The right 
process will 
produce the right 
results

Create a continuous process flow to bring problems to the 
surface, use “pull” systems to avoid overproduction, level 
out the workload, and build a culture of stopping to fix 
problems, to get quality right the first time. 

Standardized tasks and processes are the foundation for 
continuous improvement and employee empowerment, 
use visual control so no problems are hidden, and use only 
reliable, thoroughly tested technology that serves your 
people and processes. 

III: Add value to the 
organization by 
developing your 
people

Grow leaders who thoroughly understand the work, live the 
philosophy, and teach it to others, develop exceptional 
people and teams who follow your company’s philosophy, 
and respect your extended network of partners and 
suppliers by challenging them and helping them improve. 

IV: Continuously 
solving root 
problems drives 
organizational
learning

Go and see for your self to thoroughly understand the 
situation, make decisions slowly by consensus, thoroughly 
considering all options; implement decisions rapidly, and 
become a learning organization through relentless 
reflection and continuous improvement. 

Lean production 

Six years after “The Machine”, Womack and Jones renewed the message in the 
book “Lean Thinking” (Womack and Jones, 1996). The conceptualization of 
lean production into five principles has become one of the most frequent cited 
definitions of lean production principles. The five lean production principles are 
summarized and interpreted in Table 2.3. 

TPS and lean production are different descriptions of the same concept. The 
fundamental idea – elimination of waste – is the same in lean production and 
TPS (Ohno, 1988; Womack and Jones, 1996). On the other hand, the 
differences between TPS (as practiced by Toyota), and lean production are 
significant regarding three aspects: worker development, problem solving, 
standardization and the focus on people (Bhasin and Burcher, 2006). 
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Liker clearly acknowledges the importance of developing people, but Womack 
and Jones (1996) do not include (explicitly) the importance of stability and 
standardization that is emphasized by Liker (2004) and Dennis (2002) and the 
focus of people seems to be missing, at least in the outspoken five principles. 

Table 2.3: Lean production principles (adapted from Womack and Jones, 1996). 

Lean production 
principles

Description

Specify value Value can only be defined by the end customer or the user. 
Products are supposed to give the customers the value that 
they want.

Identify the value 
stream for each 
product

The value stream is all the operations and activities required 
to make the specific product that gives the customer the 
right value. These necessary operations and activities are 
performed in all areas within a company. A company has to 
identify the entire value stream for each product, not only in 
the factory.

Make the product 
flow without 
interruptions

When the value and the value stream for a product have 
been identified, the company needs to create a flow 
between the operations and activities. Everything which is 
disturbing the flow or not adding value in each step is waste, 
which should be reduced.

Let the customer 
pull value from the 
producer

Pull can be explained to start with a real customer asking for 
a product and the work backwards through all the steps 
required to bring the product to the customer.

Pursue perfection When a company works with each step mentioned above for 
every product, every day, the main goal of the endless 
journey to reach perfection make sense.

Lean construction 

Lean construction originates from lean production, but is adjusted to fit the 
project culture that characterizes the construction industry. Much of the lean 
application in construction is concentrated in the Lean Construction (LC) 
concept. The production theory of LC is founded on the work of Lauri 
Koskela. Based on lean production Koskela (1992) presented 11 lean principles 
for construction. Eight years after the first conceptualization of LC principles, 
Koskela (2000) introduced the Transformation-Flow-Value (TFV) framework 
influenced and associated to diverse economic and management theories 
(Winch, 2006). As a basis to the framework, Koskela (2000) argues that the lean 
principles of Womack and Jones (1996) only deal with the flow of work in 

30



2. Theoretical framework 

production. According to Koskela, production has to be performed using 
transformations of inputs into outputs where materials (and information) flow 
through value and non-value adding activities with value for the customer as the 
end goal. Since its introduction, the TFV-theory of production has become the 
dominant framework for conducting Lean Construction research (e.g. Ballard et 
al., 2001; Bertelsen, 2002; Bertelsen and Koskela, 2002; Freire and Alarcón, 
2002 and Rischmoller et al., 2006).  

There is however a theoretical debate ongoing within the LC field regarding 
which basic theory is best suited for the development of the construction 
industry. Two of the main drivers of the LC concept, Lauri Koskela and Glenn 
Ballard, claim that construction project management mainly should be based on 
theories of a production-based approach (e.g. Koskela and Ballard, 2006). A 
competing approach is project management based on theories of economics, a 
theory claimed by Winch (2006). The difference between the production-based 
and the economic-based approach to construction project management is 
outlined in Table 2.4.

Table 2.4 Comparison of the fundamental issues of the economics- and production-
based approach (Koskela and Ballard, 2006)

Fundamental issue Economics-based Production-based

Fundamental assumption 
on the nature of projects 

Organizations integrated 
through transactions 

Production systems 

Conceptualization of the 
project

Information-processing 
system 

Transformation, flow, 
value

Intrinsic goal Uncertainty reduction 
(elimination of a lack of 
information) 

Getting the facility 
produced, eliminating 
waste, increasing value 

Nature of management Creating the (contractual 
and organizational) 
structure

Designing, operating 
and improving the 
production system 

Table 2.4 shows that the production-based approach to lean construction 
focuses on the production, related to the “producing parts” (material, machines 
etc). The economics-based approach focuses on the connection between the 
producing parts, where the organization and information that is spread between 
the production parts are the most important. From this point of view it is not 
obvious that the lean construction theory, as stated by Koskela, really is focusing 
on more than the work in production. The argument by Koskela (2000), 
claiming that a lean construction theory has to focus on more than the actual 
production thus seems to be conflicting. Koskela and Ballard (2006) claim that 
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the production-based approach is preferred, but admits that it is a future task to 
integrate the economic-based element to it.

The main work and the developed tools supporting LC are aimed at the 
management of construction projects. Björnfot (2006) has made an overview of 
proceedings from the International Group of Lean Construction (IGLC) 
conference from 2002 to 2006, to understand what the main body of research 
performed within LC is. Björnfot argues that the applications developed and 
accepted for LC mainly seem to enable the flow characteristics of the lean 
philosophy. Consequently, Björnfot claims that the main driving force in the 
development of applications for lean construction is improved control of the 
production process: stability (reliability) and better control (predictability) are 
sought through the reduction of variety in work practices and supply chains. 
The motivation for the focus on these project management methods are 
according to Howell (1999) that construction work is released by the 
administrative act and planning.  

The discussion in Paper IV claims that LC is a fragmented tool approach of lean 
explained and described by a top-down (project performance) approach. The
focus on individuals and people are therefore subordinated to production 
performance (see Paper IV for a further discussion). The goal of LC is on the 
academic lean community’s global website (IGLC, 2008) described as: 

“…to better meet customer demands and dramatically improve the AEC process as well as 
product. To achieve this, we are developing new principles and methods for product 
development and production management specifically tailored to the AEC industry, but 
akin to those defining lean production that proved to be so successful in manufacturing.”  

The understanding of this academic objective is that LC is aimed for 
development of adopted, or possibly new, lean related principles and methods 
principally for improvement of construction projects. The question is: Is the 
outspoken goal of “developing new principles and methods for product development and 
production management“ leading research towards development of top-down tools 
used in construction projects where the people focus aspect is not regarded?  

In Paper IV, a likely explanation to the top-down approach in LC is argued to 
be that the construction industry has to cope with different kinds of variability, 
e.g., originating in variable demand and design, and that much of the lean 
applications are based on the five lean principles in “Lean Thinking”. The LC 
application attempts to construction are focusing on the technical perspective of 
value, pull, flow and perfection, leaving aside cultural and human involvement 
issues that are not directly pronounced by the five principles of Womack and 
Jones (1996). The lack of human, organizational and cultural issues in lean 
construction research is also claimed by e.g. Green (2000) and Pavez and 
Alarcon (2007). However, culture is argued to be one of the top-ten categories 
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in LC research (Alves and Tsao, 2007). In support of Alves and Tsao a clear 
trend is discerned in Paper IV with an increase in theoretical argumentation 
about cultural issues and humans aspects in LC during recent years (from 13 % 
for 1996 to 2001 up to 29 % for 2002 to 2007). 

2.4 Lean critique 

Despite the evolved knowledge in the lean concept that has been reached 
during this research project, there are warnings and critique that one has to be 
aware of. Biazzo and Panizzolo (2000) and Forza (1996) emphasize that a lean 
system is very effective if everything runs perfectly, but is extremely fragile if 
there is any kind of problem. Consequently, all the resources, in particular 
human resources, have to be foreseeable and reliable. Hence, lean is as fragile as 
people are. 

Critiques of lean are often raised from a human perspective, and the effect it has 
on workers. Skorstad (1994) argues that lean implies “a loss of autonomy and 
further intensification of work”. Others describe lean as mean production or 
management by stress (Berggren, 1993), and lean organizations are claimed to be 
more intense, stressful and hazardous, a state described as corporate anorexia 
(Stamps, 1996). Rinehart et al. (1997) claim in their book that even when 
supervisors have allowed teamwork and opportunities for problem solving and 
participation (all of which workers appreciate), assembly work remains 
monotonous and stressful. As a result of continuous improvement, workers, 
rather than industrial engineers, can modify work, but the work remains much 
the same, and managers still make the final decisions.

Mehri (2006) argues that western observers of TPS have often missed 
fundamental elements because they are hidden by the nature of Japanese social 
and cultural norms. This causes critical details to be missed in assessing how 
work is accomplished as well as how work life for the average employees is 
characterized. Mehri criticize TPS on a number of areas including limited 
potential for creativity and innovation (the area of innovation is also pointed out 
by Lamming (1996)), dangerous conditions in production, accident cover-ups, 
excessive overtime, and poor quality of life for workers.  

According to New (2007) the negative view of lean stems from an academic fear 
with a vision of a work force endowed with an unnatural enthusiasm for work 
and willingness for individuality to be subsumed within collective effort. New 
argues that this basically is the same stereotype that was featured in western 
wartime propaganda. Both the criticism of lean and the arguments of New 
(2007) point to the danger of an overemphasis of a lean culture. The appropriate 
culture for an organization is by (Brown, 1995) claimed to depend on many 
factors, including the age of the organization, market, geographical location, 
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history, and even the values of owners and top management. Brown argue that 
there is a temptation for particular companies to simply implement management 
approaches from other successful companies in order to change attitudes to 
culture, but this is argued to be naive and dangerous and quite likely to create 
negative results. 

2.5 Construction context 

The construction culture described in this chapter is related to on-site, and 
project-based, construction because this still sets the norms and is the traditional 
way of doing things in the construction industry. This chapter focuses on the 
characterization of the construction culture as an explanation for the values held 
by the members of the construction industry (the industry culture), while Paper 
II focuses more directly on the values and empirical evidence for the values 
related to industrialized housing and construction in general. 

2.5.1 Construction culture 

In recent years culture at a project level has become an important and growing 
research topic in construction. Construction is a project-based industry and has 
been for decades, which is why the culture is closely related to the project 
settings. Construction products are delivered through temporary production 
systems (e.g. Bertelsen and Emmitt, 2005). The project organization is the 
regular method of doing business and delivering value in construction (Ballard 
and Howell, 2003; Koskela and Ballard, 2006; Winch 2006). The construction 
project culture can be associated with the general definition of a project 
(PMBOK, 2000), meaning that: 

“A project is a temporary endeavour undertaken to create a unique product, service or 
result".

Temporary implies that every project has a definite beginning and a definite end 
date. Unique means that the result is different in some distinguishing way from 
other but similar results. By examining this project definition one can 
understand that the construction project culture is supporting temporary and 
unique characteristics. This view is supported by defining the unique 
characteristics of construction as one-of-a-kindness of the product, production 
and the construction site, and the temporary organization and production 
facility (Vrijhoef and Koskela, 2005).

Projects, in general, are seen as tools for achieving specified targets and one of 
the basic assumptions on which the project management tradition is based, is the 
ability to define clear goals and unambiguous project tasks (Hellgren and 
Stjernberg, 1995). Pinto and Prescott (1990) present evidence for the same line 
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of thinking through the investigation of critical success factors for projects in 
general, where five critical factors are identified, Table 2.5. 

Table 2.5: Critical factors for project success 

Critical factor Description

Clarity of goals Clearly defined and accepted goals

Top-management support Top-management have to support the goal and 
clearly explain that for employees

Clear project schedule 
and plans

Detailed plans including description of the project to 
be accomplished, where each step in a project is 
specified

Client relationship Specific claims and need of the project clients have to 
be provided

Communication Formal and informal communication between project 
members, the organization where the project is 
provided, and the project clients is important

In the following the critical factors for project success in Table 2.5 is explored 
and related to the construction culture. 

Are goals clearly defined and accepted generally in construction? Construction 
projects typically comprise a great number of different participants, each with 
differing goals and interests (e.g. Sacks, 2004; Sardén, 2005): the building 
commissioner, users, local authorities and the public at large, as well as the wide 
range of firms involved in the design and construction work (Baccarini, 1996). 
No single entity has control over the entire project and many of the participants 
never meet because they participate in separated parts of the project organization 
or during different phases of the project cycle. This fragmentation of actors in 
the value chain prevents the actors in the construction process from cooperating 
to deliver the right product at the right price (Conley and Gregory, 1999; 
Thomson and Sanders, 1998). Porter (1980) adds that a fragmented industry is 
populated by many competitors who are in a weak bargaining position with 
respect to both buyer and supplier groupings, and where profitability is 
marginal. Greed (1997) observes that the construction industry seems to work 
by each level putting pressure on the next one down. Hence, construction lacks 
the incentives for a long-term drive, because the project organization faces the 
difficulty of temporary organisations striving for the common goal of value 
delivery. What is the cause of the argued “lack of a common goal” in the 
construction culture?  
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One economically based answer is that construction projects are usually 
procured by competitive tendering (Saad et al., 2002).  The competitive 
tendering is based on a price that is calculated from what contractors and 
suppliers, based on experience, suppose to be the cost of the project. When the 
production cost is calculated, a profit is added to the total price and thereafter 
offered to the customer, Figure 2.5: 

Figure 2.5: Economic based visualization of construction culture 

According to Figure 2.5, the price is dependent on the capacity of the 
organization. This implies a culture where tendering is more important than the 
incentive to reduce construction cost. Some even goes as far as claiming that 
competitive tendering has resulted in a “poor culture” (Egan, 1998; Latham, 
1994). In this view, there is no incentive for the different actors in a 
construction project to cooperate towards a common goal because the price is 
based on a calculated cost plus profit. Instead, each actor focuses on their own 
partial goal, and the reduction of costs for the purpose of this partial goal. Supply 
chain management (e.g. Christopher, 1998) and partnering in construction (e.g. 
Bennet, 1995; Latham, 1994) are management methods which aim for a 
common goal to reduce costs. 

Considering the critical project success factor communication in Table 2.5, the 
adversarial and confrontational relationships and fragmented approaches 
(McGeorge and Palmer, 2002), and the definitive end and start of the projects, 
are argued to restrict experience diffusion from one project to another, 
according to Dubois and Gadde (2002). Riley and Clare-Brown (2001) have 
investigated communication in a company culture context. The authors found 
that a construction firm demonstrated poor shared perceptions between 
occupational levels, a view based on the lack of communication and goal sharing 
between different levels in the work organization. Furthermore, many of the 
personnel on the construction site did not understand the company’s 
management philosophy. Hence the lack of communication can also, at least in 
some sense, be related to the lack of a common and clear goal.  

However, clarity of goals is not solely a negative peculiarity of construction. 
Actors in project organizations in general also often have different - and 
sometimes opposing – interests. This situation leads to uncertainty regarding 
goals and how to achieve them, which can in turn trigger tension, conflict and 
perhaps even power games among the actors concerned (Larson and Wikström, 
2007). This somewhat negative interpretation of the construction culture does 
not give credit to the often potent project based construction production 
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system. Construction companies have an inherent strength and knowledge in 
managing large and complex projects. The “hero” of construction is often found 
in these project settings, where problems that arise are solved on the 
construction site. Here, the project setting with a hero fixing all upcoming 
problems is ultimate. Related to the critical project success factor of client 
relationship in Table 2.5, this capability of construction companies indeed focuses 
on the client, and delivers the product that is desired by the customer. Paper II 
further discusses the value and client perception of construction. 

Summing up, the construction project culture is a clear and powerful project 
culture where the understanding of projects is that they are unique and have 
definitive start- and end-points. However, the characterization of the 
construction culture does not particularly seem to correspond to the critical 
factors common goals for all project participants, and the importance of 
communication and relationship building. This results in project goals that are 
not met and limited experience diffusion, which leads to limited development 
potential to the next project. The industry culture in construction is built on 
projects why the production mechanism will remain the project (with a fixed 
start and end) far into the future as the norm. 

2.5.2 Cultural change in construction 

Bröchner et al., (2002) have found that even though interest in developing 
more innovative organizational relations and production methods in 
construction has increased in recent years, the actors nevertheless seem reluctant 
to change the traditional allocation of responsibilities and the traditional way of 
working. The question is thus why the culture of construction seems to be 
deep-rooted, although the willingness to find new ways of doing things is clear. 
Possible explanations can be found in different aspects. 

The construction industry has a reputation of being conservative and slow to 
change (Bulhões et al., 2006). Kadefors (1995) shows in a case study of a 
building project that the resistance to change is strong and means that significant 
aspects of project work seems to be governed by trade-wide rules and routines 
which are difficult to influence by project management. Ward and McElwee 
(2007) state that overcoming the mindset and “common sense” that exists 
appears to be the barrier towards change in construction. This unwillingness to 
change is, however, questioned by Ekstedt and Wirdenius (1995) and Kadefors 
(1995) through the argument that the conditions for change in construction 
should be very good because each project has a new organization, a new 
construction site and new management.  

However, Ekstedt et al. (1992) conclude that construction actors do not think of 
their companies as particularly capable of change. Rather, the opinion is that the 
change capacity has not been used to its fullest potential. Ekstedt and Wirdenius 
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(1995) note that this reluctance and negativism regarding change can be related 
to the fact that construction has a work culture that has evolved over a long 
period and has deep roots among the people in the organization. Any attempt to 
change thinking and work behaviour will therefore generally trigger counter-
reactions which will block, or at any rate obstruct, changes.

Ekstedt et al. (1992) further address another interesting explanation to the strong 
and hard to change culture in construction. The authors note that strong 
“conceptions” appear natural for an industry where the main resource is people, 
where the knowledge is embedded in them and in the way work is organized. 
In a traditional industrial (capital-intensive) company, the knowledge is, to a 
great extent, embedded in real capital. In a labour intensive company (such as a 
building contractor firm) the knowledge is embedded in individuals and the 
organization and is the cement of the loose organisation of the construction 
industry. The renewal of organization-embedded knowledge is less 
institutionalized and therefore much more complicated to influence compared 
to capital-intensive based knowledge. 

2.6 Approach towards a lean culture in a construction context 

A comparison of the construction culture and a lean culture (as defined in the 
theoretical framework) imply many differences, e.g. the preventive work in a 
lean culture compared to the “fix-problems-when they occur” approach in 
construction. Products differ between manufacturing (e.g. a car) and 
construction (e.g. a house), and the norms, values and assumptions held by 
members of the two cultures differ. Industrialized housing has connections and 
relations (to suppliers and customers) that in general have values and norms 
based on traditional on-site construction. Therefore, it is important that an 
approach towards a lean culture has the possibility to correspond to the norms 
and demands of the construction culture.

Construction is a project culture and thus it is important to attain the critical 
success factors for projects outlined in chapter 2.5.1 if success and improvement 
is aimed at. The theoretical discussion indicates that the construction culture has 
many actors committing to their own particular goals (called fragmentation in 
the construction value chain), that obtain adversarial and confrontational 
relationships due to competitive tendering where the incentives for cooperation 
are small with a lack of a single entity that control the entire project. In contrast, 
a lean culture is characterized by the common goal of increased profit in the 
value chain and the incentive for cooperation, where top-management support 
and provide direction of what to achieve. Although the general construction 
culture is a project culture this comparison shows that the lean culture better 
corresponds to the critical factors for project success than the prevailing 
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construction culture. Based on the definition of a lean culture it is also 
important to include a balance between focus on customer, people and 
performance in order to achieve the common goal of increased profit in a lean 
culture. According to the lean critique, lean is very effective if everything runs 
perfectly, but is extremely fragile if there is any kind of problem. Hence, 
systematic exposing of problems, preventing problems and continuous 
improvement is crucial to approach a lean culture.

Compared to on-site construction, industrialized housing has further room for 
improvement in standardization and stability of the production process due to 
the factory production, and here the advantages of using appropriate production 
performance techniques derived from lean might gain increased development. 
Industrialized housing is, however, still part of the construction project culture, 
which is why the critical success factors for projects both in the management of 
projects and development of the production process in the factory are important to 
consider. The characterization of a lean culture that also corresponds to the 
demands in a construction culture is outlined in Table 2.6. The characterization 
is the model of analysis in this thesis. 

Table 2.6: Model of analysis - characterization of lean culture 

Characterization of Lean culture 

Common goal and 
incentive for cooperation 

The common goal is increased long-term profit, 
which implies incentives for cooperation in-house 
and in value chain 

Balanced focus between 
customers, people and 
performance

The means to achieve the common goal in-house is 
a balanced focus between customers, people and 
performance 

Top-management support Top-management support, and clear strategy and 
direction towards the common goal are imperative 

Systematic exposing of 
problems

Systematic exposing of quality problems through 
standardization and smoothness of production pace

Preventing problems and 
continuous improvement 

Immediate response to defects, error-proofing and 
continuous improvement to prevent problems 

Intuitively the difficulty in using the lean construction concept to explain and 
develop industrialized housing has been present during the whole research 
project. The theoretical evidence was not understood early in the project, but 
empirical evidence was pointing in this direction as shown in Paper I. In Paper 
III and Paper IV, the authors stressed the use of the traditional lean concept for 
application in industrialized housing, and even more in this theoretical 
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framework. The understanding of the difference between the TPS approach and 
the western lean concept (lean production/manufacturing) has also evolved 
during the project. In Paper I, the lean concept was named “lean 
manufacturing”. Along the project (in Paper III and IV) the term lean 
production seemed to be more appropriate when the production system of 
industrialized housing was evaluated. However, an increased understanding of 
the lean concept lead to the definition of a lean culture more related to the TPS 
approach.

Approaching a lean culture means a cultural change and changing an 
organizational culture must be guided from top-management, where the 
organization is directed towards change (Cummings and Worley, 2005), and 
where practices are implemented to change the mind of the people (Hofstede, 
2005). The important notion of this is that the lean culture not only considers 
the development of the production process but also considers the influence on 
cultural change. 
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This chapter presents the researchers background and the research process through a plain 
description of data sources and how knowledge has improved during the research project, 
followed by a discussion of the chosen research strategy and design. Additional details for 
the research design are presented in Appendix I-III. 

3.1 Researcher’s background 

It is not possible to conduct and analyze data in research without considering 
and being aware of the biases due to the researcher’s background and the 
subjectivity of the researcher (Meredith, 1998). My background is an MSc in 
Civil Engineering, and thus I have my general research understanding in 
technological science and in particular, structural engineering. However, I have 
been a participant in the research school of Innovative Technology and 
Enterprise (ITE) and the WoodWorks research group. The purpose of the 
research school was to gather PhD students from social and technological 
sciences to obtain a wider understanding and development of each other’s 
research projects from technology and business standpoints.  WoodWorks is 
cooperation between two research groups, representing two different but 
applied research directions; structural/construction engineering development 
and industrial business development. The main purpose of WoodWorks is to 
integrate technology and business development to obtain a more holistic 
perspective and understanding of the timber housing supply chain.  Both 
WoodWorks and the ITE research school therefore have participants from 
technological science and social science, from where I have been influenced and 
have had the possibility to obtain a dual perspective in my research. My 
understanding of the interaction between business and technological 
development in industrialized TVE housing, and the use of qualitative and 
quantitative research strategies, has thus been facilitated. 
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The understanding of the lean concept has mostly been influenced by a course 
accomplished at Toyota, Japan, during 2006. The aim of the course was to 
understand the Toyota Production System (TPS) as it is undertaken and 
developed at Toyota and in Japan. The understanding that was gained during 
this course broadened my view of the lean concept, specifically regarding the 
aspect of humans. 

3.2 Research process from licentiate to doctoral thesis 

The first part of the research project was reported in my licentiate thesis (Höök, 
2005). The overarching aim of the licentiate thesis was to develop an 
understanding of hindrances and possibilities for innovation in Swedish TVE 
housing. The purpose in finding development possibilities for TVE housing was 
thus present in the first part of the research project, and the possibilities in using 
the lean concept for innovations was also discussed. The concept of lean was 
however not at that moment seen as a theory that could show a path to follow 
in industrialized TVE housing. Instead the theoretical framework in the 
licentiate thesis included innovation theory with the purpose to understand 
market and production hindrance and possibilities. However, the innovation 
theory did not give explanations of how to proceed in the development of 
industrialized TVE housing, but rather gave insights in that the industry culture 
had to be taken into account.  

During the lean course in Japan at Toyota, it became obvious that it would be 
possible to compare and develop a strategy for improving the industrialized 
housing production system and taking culture into account. The hindrances for 
development of the TVE system that was found in the licentiate thesis seemed 
to resemble the problems that forced Toyota to develop the TPS system in the 
1950s, such as experienced low quality, low market acceptance, and a need for 
improved production efficiency. Hence, the path followed in the continued 
research project was performed from a lean concept perspective.

Throughout the whole research project, representatives from each of the four 
studied TVE companies, myself and other representatives from my research 
group have met and participated in different research projects, meetings and 
seminars. This has gained an increased understanding of the TVE companies 
involved in this research project, their production and product and the context 
where they are working. These “results” are not documented and are more of a 
tacit nature. The understanding has however influenced the analysis of the 
results and the overall understanding.  

A schematic diagram of the research process undertaken within this thesis is 
shown in Figure 3.1. The theoretical framework comprise two main theories: 
the lean concept as well as industry (construction context) and organizational 
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(industrialized housing) culture. The literature studies have to some extent 
guided the main question areas in the case studies, surveys and the questionnaire 
(Appendix I-III), and have also helped to find answers and connections in 
empirical data, i.e., understand the current state of TVE housing and obtain the 
picture of the future state, the lean culture. 

Figure 3.1: Research process 

The lean concept is used as a basis in all appended Papers, the construction 
industry culture is thoroughly discussed in Paper I and Paper II, but is more all 
encompassing in Paper III and IV, and organizational culture is discussed in 
Paper III and Paper IV.  

3.3 Research strategy and design 

The choice of research methods is based on the strategy outlined in chapter 1 
where the aim is met by investigating the current state of industrialized housing 
(regarding production process and product), and investigating improvement 
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areas from a lean cultural point of view to be able to suggest change strategies 
towards a lean culture in industrialized housing. 

Related to the aim, this research is mainly based on qualitative methods. This 
ambition is supported by the ability of qualitative methods to see the whole 
context in an apparent phenomenon (Bjereld et al., 2002; Cronbach, 1975), and 
to understand the underlying or ambiguous elements when rich descriptions of 
the phenomena can be obtained (Miles and Huberman, 1994). The production 
questionnaire was undertaken using a quantitative method in order to get a 
systematic investigation of properties and phenomena and their relationships.

TVE housing is chosen as a building system representing industrialized housing. 
There are however two types of TVE housing in Sweden; detached housing 
and houses for the commercial, multi-family and multi-storey housing. Both 
detached housing and industrialized TVE housing for commercial, multi-family 
and multi-storey buildings make use of timber for the load-bearing structure, 
and production processes are pretty similar. The main difference is found in the 
characteristics of the client and the functional/technical requirements of higher 
buildings, where detached housing produces houses to private consumers while 
customers of industrialized TVE housing mostly is real estate trustees and 
municipalities. This thesis is based on the latter type of TVE building system 
that today comprises four companies on the Swedish market. Hence, the total 
population of industrialized TVE housing companies is included in this reserach. 
The characteristics of the companies (Company A to D) are outlined in Table 
3.1.

Notably is that a fifth company was included in the first study (the multiple case 
study in Paper I) because this company also produce multi-family houses, but 
along with detached housing. However, this company was later excluded from 
the research project, because the main focus of the company turned out to be 
detached housing ahead of multi-family housing. 
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Table 3.1: Characteristics of the TVE housing companies  

3.3.1 Multiple and single case study 

To investigate the current state of the production process and the product of 
TVE housing, a multiple case study and a single case study (performed at one 
TVE company) was chosen as research strategy. The multiple case study was the 
first data collection performed in the research project and was mainly chosen to 
obtain an wide understanding of the product and process and improvement 
areas of the TVE companies, without any distinct boundaries apparent. The 
research strategy was also chosen based on the advantage of a case study where 
the researcher can take part of the holistic and meaningful characteristics of real 
events, and understand a complex phenomenon (Meredith, 1998). 
Disadvantages of the case study method are the possible difficulty to make 
distinct demarcations that can convey large and non-manageable data quantities.
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The total population of industrialized TVE housing manufacturers of 
commercial, multi-family and multi-storey housing was investigated using the 
multiple case study. The companies could have been studied as a single case 
study. However, a multiple case study design seemed to be more appropriate 
and robust because of the replication logic to predict similar results (Yin, 1994), 
since it was assumed that the TVE housing companies had similar production 
and product strategies. Hence it was assumed that the results were possible to 
generalize to all studied TVE companies. A consequence of this assumption was 
that specific peculiarities within individual companies were not focused in-depth 
and therefore company unique results might have been missed. 

The single case study was used to obtain a deeper understanding of the 
production process within the specific area related to work floor order and 
visibility that in the production questionnaire showed to be the most important 
improvement area to approach a lean culture. Therefore deeper understanding 
of this area was needed. The selection of the single case study was based on the 
assumption that the companies have similar production processes and that one 
case company is a relevant case. Company C in Table 3.1 was chosen as a 
relevant case due to its wide product strategy comprising commercial buildings 
to multi-family dwellings. Precaution was however taken when analyzing and 
generalizing the data in the single case study even if the production 
questionnaire showed that the companies generally had very similar production 
processes.

To facilitate a high construct validity, multiple sources of evidence were used in 
the case studies through personal interviews and observations and examinations 
of documents and design drawings. The multiple case study was mainly based on 
personal interviews with respondents possessing a comprehensive responsibility 
and understanding of the case companies product and process designs (market 
director, production managers, sales people and working staff). The single case 
study comprised personal interviews with production managers and working 
staff, but was mainly based on observations.  

The interviews in the multiple case study were standardized to some broader 
areas of interest related to the product and the production process, clients, 
suppliers and development areas. The entire interview guide is found in 
Appendix I, Table A1. The analysis of the data is also thoroughly described in 
Appendix I. Observations and interviews in the single case study were based on 
lean practices (work floor maintenance, work floor layout and visual 
information) related to the principle work floor order and visibility in Table 2, 
Paper IV. 
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3.3.2 Focus group surveys 

To further deepen the understanding of improvement areas but also the current 
state of the production process and the product, three low-structured focus 
group surveys were performed with one representative from each of the four 
industrialized TVE housing companies. These people were responsible for sales 
and production development and were familiar with the product and 
production in the TVE companies. The focus group as a research strategy was 
chosen because of its ability to generate information obtained by interactions 
among the group members (Wibeck, 2000). The consequence in using focus 
group survey as a research strategy is however that the respondents influence 
each other in their discussions and that somebody might be able to put forward 
their opinion ahead of others.  

The focus group surveys were planned by the researcher who also proposed the 
main discussion areas for the group participants. Every focus group meeting 
lasted around four hours. The first meeting had an open dialogue about the 
companies’ potential improvement areas. The second focus group survey was 
structured from results obtained from the first meeting, and the discussion 
comprised three main areas; problems and development areas connected to 
internal production, marketing and technological development of the product. 
The third focus group survey continued along the same theme as focus group 
survey two, but general areas were condensed to some problems and possibilities 
considered common and important to all participating companies (e.g. low 
customer reputation of product and process, need for improvement of internal 
logistics). The researcher observed the focus group discussions and meeting 
notes were written down. The focus group surveys were mainly used to gain an 
understanding of the TVE manufacturers’ common improvement areas, but the 
surveys were also compared and analysed towards the multiple case study, the 
customer survey and the production questionnaire. Hence the focus group 
surveys widened the understanding of the current state of the production 
process and the product. 

3.3.3 Customer survey 

A survey of potential customers was chosen as research strategy to obtain 
understanding of the current state of the TVE housing product regarding the 
companies relation to customers, and to be able to understand customer 
demands and attitudes towards the TVE product and process. A survey was 
chosen partly due to its advantage of enabling a fast data collection and partly 
due to the restricted influence of the researcher on the respondent behaviour.  

The population of interest in the survey was potential customers. A total of 25 
Swedish municipalities with the highest estimated numbers for newly built 
dwellings during 2005 and 2006 were initially selected.  Municipalities with too 
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low estimated building rates could not contribute to the investigation because of 
their limited past experience. The public housing sector in every selected 
municipality was chosen together with the two largest Swedish real estate 
companies that have sub-divisions in all municipalities. The number of 
contacted respondents thus totalled 54 and the achieved response rate was 87%.   

A selection of ten real estate companies with previous experience in TVE 
prefabrication also participated in the study to understand differences between 
norms and attitudes of potential and prior customers. The customer survey was 
performed as personally structured telephone interviews (lasting for around 20 
minutes) that were tape recorded. The customer survey was analyzed with 
pattern-coding and clustering into themes. The interview guides for the 
customer survey (considering tendering, general building system needs and 
apprehension of TVE housing) are found in Appendix II, Table A2. Appendix 
II also includes more thorough descriptions of the design of the customer survey 
and analysis of the data.  

3.3.4 Production questionnaire 

The multiple case study and the focus group surveys obtained a wide 
understanding of the current state of the product and the process and the 
customer survey deepened the understanding of the product. To further deepen 
the specific understanding of the current state of the production process and the 
production culture of TVE housing, and to measure the actual working 
methods compared to the future state, a quantitative production questionnaire 
was chosen as the preferable research strategy.

The questions in the questionnaire were based on an assessment framework of 
lean principles and corresponding practices (Table 2, Paper III), founded upon a 
summarization of a literature review (Table 1, Paper III). The complete 
questionnaire is attached in Appendix III, Table A3. A five point Likert scale 
was used in the questionnaire. The Likert scale is easy to use and understand, 
and measures a continuum of the agreement related to the opposing statements 
outlined in Table A3. However, there will always be some degree of 
uncertainty in that the respondents do not perceive the distance between the 
five steps as equally great. The rationale for choosing a five-point scale was that 
it has a middle value that could indicate that the respondents agree to parts in 
both statements. In a retro-perspective, a seven-point scale could have added 
more information because the larger response range might have led respondents 
to answer more accurately. A seven-point scale would probably have shown a 
wider span in the collected data compared to the five-point scale, where all 
mean values were found around the middle value. Hence, criticism of the result 
of the production questionnaire is that the data not is enough spread to be able 
to indicate the behavior in the industrialized TVE production. However, the 
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triangulation and validation using multiple sources of data still imply that the 
questionnaire indicates true results. 

To understand the practical working methods in TVE housing production, the 
population of interest were all production workers; in-company employees, but 
also sub-contractors as electricians and painters working in the production 
plants. With a 100 % response rate the number of completed questionnaires was 
291. The consequence of choosing production workers is that the view of the 
current state of the production and the production culture is that obtained from 
the workers, and a more balanced view could have been gained if the results 
from the workers would have been compared to the view of production 
managers. Choosing a quantitative questionnaire also imply that the researchers 
control over the environment will be somewhat limited. This loss of control 
means the validity of the results is reliant on the honesty of the respondent. 
Consequently, it is quite difficult to claim complete objectivity with a 
questionnaire.

The TVE companies have not taken a strategy to become lean, why lean terms 
and concepts not are known by the workers. Questions were hence not asked 
regarding e.g. flow or value-generation in the production plants, but the 
questions were on a practices-level meaning that the actual working methods 
(e.g. are the working routines standardized or are all workers using their own 
standard) were evaluated to understand the production from a lean perspective. 
Further descriptions of the design of the production questionnaire and data 
collection and instrumentation are attached in Appendix III. 

Two methods were used to analyse the questionnaire; measuring of mean values 
(Table 4, Paper III) and principal component analysis (PCA) (Table 5, Paper 
III). The interpretation of the mean values using the five point Likert scale is 
somewhat floating. This means that it is not possible to explain exactly what a 
mean value of 2.5 means, more than an interpretation of a behavior that is more 
non-lean than lean. It is however possible to compare the mean values of the 
evaluated practices to each other to find improvement areas, and to compare the 
behavior to the theoretical definition of lean culture.  

The PCA was chosen due to its ability to analyze a set of variables and identify 
dimension within the data that are latent. In this case, the PCA was used to 
compare the relation between principles and practices in the theoretical derived 
assessment framework to the relation between principles and practices obtained 
by the PCA. There is however an uncertainty in using the PCA as an 
confirmatory approach. The PCA produce underlying structures derived from 
the statistical results, but this might not correspond to the theoretical structure. 
Still it is possible to find structures in data, and it is possible to see if the structure 
that is obtained by the PCA corresponds to the theoretically derived structure. 
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3. Research process and method 

PCA is a widely used multivariate analysis method when lean principles and 
practices are assessed in literature (e.g. Doolen and Hacker, 2005; Shah and 
Ward, 2003). Hence the PCA was performed without prior structures in the 
analysis. The statistical software SPSS 11 was used in the analysis. Further details 
of the statistical analysis of the production questionnaire are attached in 
Appendix III. 

3.4 Validity and reliability 

Validity in research is connected to empirical evidence that the researcher has 
made a reasonable interpretation of and whose results are useful in some context 
(Denzin, 1989; Maxwell, 1992; Yin, 1994). Validity relies on research design, 
data collection techniques, analysis of data and the result. The results of a case 
study depend on multiple sources of evidence with data needing to converge in 
a triangulation fashion (Yin, 1994). Every situation in research is unique, and 
the validity has to be judged in relation to the context and the situation where 
each interview or observation is made. Denzin (1989) argues that triangulation is 
important in research if the researcher is to find evidence for, explain, predict or 
understand certain empirical phenomena. Triangulation is also a common 
technique to eliminate validity threats in a case study (Bryman, 1997; Denzin, 
1989; Yin, 1994). The key word in Yin’s discussion about triangulation is 
multiple. Multiple case studies, multiple sources of evidence, and multiple data 
collection techniques are suggested.  

To ensure the validity of the case studies, multiple case companies were 
observed within the same line of business. The overall validation and 
triangulation related to the aim was obtained using multiple sources of evidence 
collected by the multiple data collection techniques (case studies, focus group 
surveys, customer survey and the production questionnaire). Validity in research 
can also comprise attempts to obtain a high data collection and analysis 
objectivity. Validity through objectivity in case studies and the customer survey 
was gained, as all interviews were tape recorded and literal transcribed. The 
focus group surveys were performed with two persons from the researchers’ 
division present. The meeting notes were printed out by the researcher and then 
discussed and validated together with the accompanying person.  

The reliability of the production questionnaire was obtained by a pre-test of the 
questionnaire before the actual data collection. However, it is possible that some 
respondents still did not understand the questions properly and thus only 
answered the questions arbitrary. The statistical conceptual requirements 
(normality and linearity) of the data were however measured, and indicated 
reliable data. 
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4. EMPIRICAL RESULTS AND ANALYSIS 

This chapter presents the summarized findings from the appended Papers, and a cross 
paper analysis using the model in chapter 2. The empirical results are related to the 
influence of the construction culture, and a change towards a lean culture in Swedish 
industrialized housing is discussed. 

4.1 Findings from appended Papers 

Plain empirical results are presented in the appended Papers. This chapter 
outlines the main findings that are already analyzed within each appended Paper. 

4.1.1 Paper I 

The difference between on-site construction, element prefabrication and 
volume element prefabrication is discussed, showing that volume element 
prefabrication changes actor roles and the production process compared to on-
site construction. Problems with on-site construction and element prefabrication 
are principally related to fragmentation in the supply chain, whereas those in 
volume element prefabrication are more related to the influence of customer 
demands on the in-house production. The degree of demanded flexibility and 
customization in design influences the degree of complexity in the TVE 
product, which in turn influences the degree of process complexity (Figure 5, 
Paper I). Empirically based findings in the Paper illustrate that the lean 
construction approach is inappropriate for industrialized housing and TVE 
prefabrication, where problems can be better explained with the traditional lean 
manufacturing concept through improvements of the production process instead 
of improvements of projects. 
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4. Empirical results and analysis 

4.1.2 Paper II 

The findings in Paper II indicated (when it was written) that the TVE building 
system and the production process had not yet gained confidence from the 
Swedish market. It is claimed that industrialized TVE housing needs to 
correspond to customer demands formulated in a traditional construction 
context. This means that the TVE product and process have to correspond to 
the customer needs of a general building system regarding low, long-term 
dwelling administration costs that are related to quality. The findings indicate 
that uncertainty in the TVE building system is partly related to the comparison 
of the TVE system and a traditional construction project, as well as a historical 
prejudice connected to the use of timber and barracks and low quality, short-
time durability, limited flexibility and an overall, “low-quality-design”. Paper II 
concludes that industrialized housing companies cannot solely focus on in-house 
production efficiency to increase quality and decrease production costs, but 
rather consider “traditional” customer demands to create customer value. 

4.1.3 Paper III 

Paper III presents an assessment framework based on lean production principles 
and practices. The applicability and production culture is assessed (in a 
production questionnaire) by the four principles just-in-time, levelled 
production, built-in-quality, and continuous improvement, involvement, 
stability and standardization. The entire production questionnaire is outlined in 
Appendix III, and parts of the empirical results are explained in Paper III, Table 
7.

The findings of the Paper indicate a production culture that has parts of a lean 
culture for practices related to the flexible worker who takes his/her own 
responsibility and works in teams. However, the applicability of lean principles 
and practices are still very much influenced by a construction culture. Low 
worker motivation and awareness of built-in-quality, low awareness of the 
necessity of continuous improvement, and keeping an even flow are manifested 
as problems that appear to be solved, but are seldom thoroughly analyzed and 
with restricted experience feedback. Also evident are ad hoc solutions as 
problems appear, and low responsibility for the maintenance of equipment, 
tools, work floor and work floor layout. 

4.1.4 Paper IV 

The findings in Paper IV are based on the same results found in Paper III, but 
additional results from the single case study regarding work floor order and 
visibility (stability and standardization) in the production are also presented. It is 
shown that stability and standardization are the most imperative to improve in 
industrialized TVE housing to approach a lean culture. The empirical results 
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4. Empirical results and analysis 

conclude the same as in Paper I, and indicate that a theoretical view using a lean 
construction approach, up to this date, has not had the ability to describe and 
propose solutions for industrialized housing. The lean construction approach is 
based on a top-down (performance) focus, whereas the findings show that 
industrialized housing needs a contemporaneous top-down/bottom-up (person) 
focus to approach a lean culture. 

4.2 Analysis of cross paper findings 

In this chapter cross paper findings are analyzed and deepened by viewing them 
through the eyes of the analysis model presented in chapter 2. 

4.2.1 Common goal and incentive for cooperation 

From the theoretical framework it is clear that a lean culture implies a system 
view, since all parts of the system influence each other. Increased profit is the 
goal of the complete system, that for in-house and value chain actors implies 
incentives towards increased cooperation as well as openness and clear needs 
between all actors to avoid mistakes. 

However, it is shown that employees in TVE production (e.g. designers, 
salesmen) have a low loyalty to a settled product design and will not hesitate to 
make changes in late stages, even though it is known that this makes the product 
much less effective. Still, one of the companies is aware of this problem and 
trains staff to reject late changes in design (Paper I). 

Results from the multiple case study further indicate that work often includes 
several different departments of the companies, without any common function 
or person to push and maintain control, e.g. over developments between the 
departments. No specific person is assigned the function of managing the 
building system, which can create complications in co-operation between 
departments. Furthermore, the production facility seems to work as a stand-
alone production unit and the drawings produced in earlier stages strongly 
resemble those used for on-site construction. Customers ask for drawings similar 
to those found in traditional construction, while production would probably 
obtain benefits from drawings designed for the production and the used 
standardization of building components, such as floor and wall elements. This 
means that both production and customers see no benefits in any common goal. 

It is also shown that customers (e.g. contractors, real estate trustees, etc.) do not 
understand the product in relation to the production, e.g. why the effects of late 
changes (price increases and the need for extra production times) are not 
understood by customers (Paper II). From Paper II, TVE companies perceive an 
advantage of the building system in being solely responsible from design to the 
completion of the house, whereas the customer survey indicates that potential 
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customers feel uncertainty in technical solutions relating to functional demands. 
Customers express a general building system need to control quality and costs 
(Table 1, Paper II), meaning that the customers demand insight in technical 
solutions (often related to fulfilment of functional demands). The apprehension 
from customers is that general contractors (and presumably TVE contractors) 
choose the cheapest solution possible; therefore, customers generally wish to 
have their own personnel or consultants design the technical solutions (Paper 
II). Hence, there is no common view of the TVE building system for producers 
and potential customers, though the manufacturer is able to present and argue 
for a win-win situation as an incentive for closer cooperation. This relates to the 
fragmentation in the construction culture, where cooperation is mainly based on 
contractual arrangements (Saad et al., 2002) ahead of mutual cooperation. 
Partnering in construction, where contractors base their relationships to 
customers on common goals and win-win strategies (e.g. Bennet, 1995) 
considers this problem and is interestingly also based on an underlying 
understanding of the organizational culture. 

The multiple-case study shows that, in general, TVE manufacturers traditionally 
purchase subcontractors and consultants. However they are almost always the 
same actors, familiar with the manufacturers’ routines and working methods. 
The companies have long standing relations with selected suppliers of key 
components. The result from the multiple-case study thus shows it possible to 
strive for a common goal together with these suppliers. However, because the 
TVE manufacturers are small compared to larger contractors, they encounter 
problems regarding certain large material suppliers. The manufacturers are small 
and unimportant customers to the large material suppliers and cannot demand 
specific delivery volumes or project specific markings of material. This is typical 
for insulation and building board deliveries. Large manufacturers and Japanese 
house builders, which have adopted lean, have supplier systems based on a 
rational framework for determining costs, price and profits, where both parties 
can benefit from working in a cooperative relationship (Gann, 1996). 

The relation of the empirical results in Paper I and Paper II to the theoretical 
outline of a lean culture indicates that the different actors connected to 
industrialized TVE housing (suppliers, in-house actors and customers) do not 
have a common goal of increased profit. Thus, it is argued that the industrialized 
housing companies have to pronounce and implement a common goal and a 
situation that implies incentives for all actors – in-house, in the supply chain and 
to customers. 

4.2.2 Balanced focus between customers, people and performance 

The lean culture requires a balance between customer focus, focus on peoples 
and performance to obtain the common goal of increased profit. The balanced 
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focus implies a system view, meaning that performance and peoples are the parts 
that create value to customers, and the value that is needed is defined by 
customers. 

Potential customers of TVE housing wish for customization and flexibility 
(Table 1, Paper II). This customer need obstructs production efficiency, because 
the results in Papers I and II indicate that the manufacturers would like 
customers to understand the potential increased efficiency gained if they chose 
standardized type houses. The manufacturers also state the increased need for 
information and rework as a result of increased customization. High 
customization demands increase information from manufacturers to customers 
so that customers can understand what decisions cause longer lead times and 
higher costs. However, one of the companies expresses the customer focus as:

“Production is managed with a focus on customer value and not on internal production 
efficiency, since flexibility and customization are core values to retain customers”

A significant proof from the multiple case study is the parts of the design process 
that are specifically directed towards generating value to the client where 
specifications and detailed drafting are delivered in client specific formats instead 
of formats fitted for production. Hence, TVE companies overemphasize in some 
sense customer focus ahead of in-house production. 

From a lean culture point of view, customer focus is a means to achieve the 
goal, and not a goal in itself. Customer focus in the lean concept implies that a 
company delivers value to the customer and only produces exactly what the 
customer asks for. In traditional manufacturing based lean production (i.e. the 
origin of lean), customer demand steers the production pace regarding time and 
volume, and the quality of the product. In industries where customer demand is 
not similarly continuous, e.g. in TVE production, the principle of customer 
focus is interpreted otherwise. Here, the “exactly what the customer asks for” 
seems to be interpreted as exactly the design and flexibility the customer asks for 
because actors in the construction industry are accustom to an almost unlimited 
design.

Zero mistakes are more an exception than a rule in the construction culture and 
a natural part of the construction industry (Vrijhoef and Koskela, 2000; Winch, 
1998). There seems to be an overemphasizing of the customer focus related to 
production performance based on a standardized product and process in the 
construction industry and culture, in general, as well as for TVE companies. To 
say that TVE production should focus even more on customer adoption 
regarding flexibility is thus not a direction towards a lean culture. Instead, 
customer focus in industrialized housing has to focus the quality needed and 
asked for by customers, balanced with the focus on the production flow and 
efficiency, but keeping the needed flexibility at a manageable level. These results 
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relate to Ballard (2005), who claims that the challenge is to understand design 
and customization as a process of value generation and to learn how to integrate 
design and repetitiveness without sacrificing the essential nature of either. 
Correspondingly, customer demands in construction are important and the low 
adoption of early ‘industrialization of construction’ attempts is explained by the 
lack of flexibility in the product to not correspond to customer demands (Gann, 
1996). This discussion clearly points to the need for a balanced focus between 
customers and performance. 

In Paper IV evidential results focusing strictly on performance is found, where 
the pronounced “Should we clean or produce?” from workers implies an almost 
reluctant culture towards cleaning and order. Still, it is argued in the paper that 
workers only mirror what seems to be an unspoken upper management strategy 
for a high production pace ahead of work floor order and visibility. Hence, 
some results point to a focus of performance ahead of people in industrialized 
TVE housing. However, a focus on results will eventually result in problems 
related to a lack of interest from workers and a diminishing productivity, as 
stated by Veech (2004) and Mann (2005).

4.2.3 Top-management support 

The principal component analysis (PCA) in Table 5, Paper III, shows that an 
increase in built-in-quality and a continuous improvement in industrialized 
housing production are needed and thus connected to employee motivation and 
a quality leadership where leaders are seen working in the production plant. The 
result of the PCA further indicates that a change and development in 
standardized work and the maintenance of equipment and tools are required and 
thus connected to upper management and strategy changes. Today, the workers 
do not feel that upper management has given them the responsibility to take 
measures when, e.g. defects are detected. The low mean value of error proofing 
in the production questionnaire (Tables 4 and 6, Paper III) further highlights the 
problem of workers not taking responsibility, and managers who do not support 
experience feedback and problem analysis. This corresponds to arguments that 
the culture in a project or a business is often a reflection of the leadership and 
organizational structure (Zuo and Zilante, 2005). 

Results in Paper III support the conclusion of Hofstede (2005), i.e. there is a 
difference in approaching a cultural change on a general industry level compared 
to an organizational level. A changing culture in industrialized TVE housing 
production means a cultural change on an organizational level, where the 
culture is influenced by changed practices. Practices such as visual information 
(e.g. visual markings of where different equipment should be placed) and the 
importance of work floor order and maintenance as enablers for motivation and 
involvement, and adherence to a lean culture are shown in Papers III and IV. 
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According to Ho (1999), morale increases as employees possibly feel 
responsibility for the work place and the production, as well as morale also 
influencing the production flow as attentive and interested employees work 
more efficiently. 

The lean tool 5S in Paper IV explains a contemporaneous top-down/bottom-up 
approach. Simply explained, 5S is a method for organizing the workplace and 
keeping it organized. It is sometimes referred to as a “housekeeping” tool, 
though this is misleading because organizing the workplace goes beyond 
housekeeping.  The lean 5S tool could be used as a demonstrator of a tool that 
influences both performance and people, and an increased customer confidence 
when the production facility is clean and orderly.

4.2.4 Systematic exposing of problems 

Systematic exposing of problems is important in a lean culture, and problems are 
easier to discover if work and the work place is standardized. TVE 
manufacturers work directly with professional customers who define the main 
characteristics of the building, and thus only a small portion of the 
manufacturers offer standardized type houses (Paper I, Paper II). However, they 
make use of, for example, standardized joints, standard stairwells, standard wall 
and floor sections that together form a specific building. In the design phase, 
companies strive to use their own architects or hire architects under the terms of 
long relationships. Because customers determine the characteristics of buildings, 
the most important part of the architectural design phase is to ensure the 
division of the building into volumes suitable for manufacturing, Figure 4.1.

Figure 4.1: Building divided into volumes (volumes marked with different colours) 

57



4. Empirical results and analysis 

Advantages would appear if the manufacturers did not have to adjust a pre-
designed house to their building systems, entailing double design phases and 
non-optimal conditions for an efficient and standardized production (Paper II).  

The multiple-case study shows the existence of different rules and routines on 
different levels in the organization, but the routines are not documented with 
any consistent method. The routines are therefore not transparent, where in the 
design phase this lack of routines and standardized work create much of the 
unnecessary rework between the design and the production phase. 

Generally, there are no markings or visual signs for where material or equipment 
should be placed and stored in TVE production facilities. Thus, material 
without any natural or settled repository is placed on the first empty space found 
near to a work station, leading work stations to become messy, Figure 4.2.

Figure 4.2: Messy work stations 

TVE manufacturers have certain problems with the design of their work floor 
and factory layout, results indicated by the production questionnaire and single 
case study in Paper IV. Most layouts are not designed for flexible volume 
element production, and ad hoc solutions originating from an element-
manufacturing layout typically still exist, e.g. regarding the flow of material in 
production and where material and equipment should be stored. 

A smooth production pace and flow is important in a lean culture and is 
strongly related to a systematic exposure of problems. To obtain a smooth 
production flow that follows a settled production pace, small lot sizing where 
parts are quickly processed, moved and mixed in production is utilized. Table 
4.1 presents results from the production questionnaire in Paper III, related to set 
up times and small lot sizing for industrialized TVE production. 
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Table 4.1: Mean values of practices in production questionnaire 

The mean values in Table 4.1 interpret a behaviour in production between the 
ideal lean behaviour to the right and the opposite behaviour to the left. A mean 
value of 2.84 for the set up times practice is interpreted as a behaviour where set 
ups are occasionally made quickly and effectively (parts from the ideal state to 
the left in Table 4.1), but are likely often rarely occurring, slow and inefficient 
(parts from the opposite statement to the right). A mean value of 2.84 is, 
however, closer to the opposite of a lean ideal on the used five point Likert 
scale. In Paper I, one company also states that a problem is flexibility in, e.g. 
different volume sizes that lead to long set up times in production and several 
material switches.

The practice of small lot sizing shows a similar value, 2.83, to set up times, 
while the PCA presented in Table 5 (Paper III) also shows a connection 
between these two practices. However, it is evident from the multiple case 
study that small lot sizing is not targeted by the companies. Instead, it is 
emphasized that it is simpler if the same type of volumes or elements are made 
in a sequence, since the set up times become too long and the risk for defects is 
argued to be more common.

The mean value of 2.68 for the practice scheduling in Table 4.1 implies a 
behaviour where the work pace is sometimes balanced, but is more often 
unbalanced. However, from the multiple case study, it is evident that incoming 
orders vary considerably between months (though this is not the case in business 
booms where all production capacity is utilized fully year-round). Hence, 
fluctuations in customer demand, during and between projects, add to the 
unbalancing and destabilization of the product pull and smoothness of flow. 

4.2.5 Preventing problems and continuous improvement 

The prevention of problems and continuous improvement are built on the same 
basis as the systematic exposing of problems, i.e. problems make the lean system 
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fragile (Biazzo and Panizzolo, 2000; Forza, 1996). Preventing problems is 
important and that all discovered problems are solved and improved. The results 
of the production questionnaire show error proofing to have one of the lowest 
ratings in the whole questionnaire (Table 4, Paper III). The result clearly 
indicates that error proofing is uncommon and that the TVE manufacturers deal 
with problems when they arise, but do not analyse the problems to never arise 
again.  One typical example, found in the multiple case study, is taken from the 
handling of information in the design phase where type and detail solutions are 
documented in a digital drawing archive at the case companies. These drawing 
archives often lack the possibilities to attribute search tags, making it difficult to 
find specific information. In this case, it is difficult to search and analyse 
problems related to documentation, drawings and information. Because 
information was shown to be one of the most common sources of mistakes, 
according to Paper I, error proofing is even more difficult. Data is organized 
within building projects as the base, which is natural when conducting the 
project, but complicates error proofing when new projects are in production 
and old projects are filed.

The multiple case study also shows that product development is not a separate 
process within the companies, but rather an activity from project to project. 
Therefore, the gradual change of the building system is not traceable and there is 
a risk of already used solutions being reinvented. It is also hard to trace and 
measure improvements because there are generally no work standards to 
measure possible improvements towards. Thus, an improvement might likely be 
a deterioration because it is only measured with common sense and not actual 
statistics.

4.3 Influence from construction culture to approach a lean culture 

From Papers I and III, elements of a lean process culture are evidently found in 
industrialized TVE housing production, such as control of the total construction 
value chain, a stable and permanent work organization, repetition in operations, 
and flexible workers who take their own responsibility. However, the results in 
Papers III and IV show that the organizational culture in industrialized TVE 
housing still relies on a traditional construction project culture, implying:  

Low worker motivation and awareness of built-in-quality, continuous 
improvement and flow. 

Problems that appear are solved, but are seldom thoroughly analyzed, and 
with restricted experience diffusion. 

Ad hoc solutions and a low responsibility for maintenance of equipment, 
tools, work floor and work floor layout. 

60



4. Empirical results and analysis 

Neglect on the importance of maintenance of work floor and work floor 
layout, and a prevalent team work. 

Hence, the applicability of lean principles and practices to industrialized 
housing, and the approach towards a lean culture, is apparently influenced by, 
and meets the same type of difficulties as, on-site construction, e.g. conservatism 
(Bulhões et al., 2007) and overcoming the “common sense” (Ward and 
McElwee, 2007). The influence of the traditional construction culture on 
industrialized TVE housing is explained as organizations within an industry 
share distinct values and practices that arise from similar customer demands 
(Chatman and Jehn, 1994; Gordon, 1991; Hofstede et al. 1990), that is products 
in the logic of projects in the construction industry. 

The shared value in the construction industry, i.e. products in the logic of 
projects, also relates to the experienced hesitation towards the TVE housing 
product and production process of potential customers, as found in the customer 
survey in Paper II. Customers value the TVE product and production process 
from the perspective of projects. The demanded flexibility is related to projects 
(with almost unlimited flexibility) as well as the customer apprehension of lost 
control when TVE companies control the entire construction process.

TVE companies clearly also value the customer relation through the logic of 
projects. The product in industrialized housing, the house, is produced and 
delivered as a project, because this best corresponds to the inherited culture that 
both customers (Paper II) and companies (Paper III) have shown to be part of. 
Despite this project approach, Paper II shows that the quality of the product of 
industrialized TVE housing has a low customer reputation. Customers suggest 
demonstration objects as a means of increasing customer trust (Paper II).  It is 
also argued here (related to the developed customer trust of Toyota) that a 
production process and a production facility emitting efficiency and quality 
might also reflect a high quality product. Hence, any development towards a 
lean culture that influences efficiency and order in the production process and 
an outstanding product quality might also influence the customer reputation. 

There is a difference between industrialized housing and traditional on-site 
construction. Ekstedt et al. (1992) state that knowledge is embedded in the 
organization of a construction firm, whereas knowledge embedded in real 
capital, such as machinery, is easier to influence and change. Industrialized TVE 
housing production is an industry with few actual machines, but where 
workstations and a constant environment is found in the factory (Paper I), 
making the knowledge bounded in people more replaceable. A more 
standardized and predictable process would thus change focus from 
organizational learning and learning between projects. Knowledge of production 
becomes built into the process instead of in the people. This relates to Winch 

61



4. Empirical results and analysis 

(2006), who states that repetitive operations are not appropriately arranged in 
project mode. 
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5. CONCLUSIONS AND DISCUSSION 

This chapter presents the overall conclusions and discussion based on the appended papers, 
cross paper findings and the analysis from chapter 4. The conclusions correspond to the 
aim, i.e., how to approach a lean culture in industrialized housing, by following the step-
wise design of the thesis outlined in chapter 1. Lean culture as a model for a future state in 
industrialized housing is first presented, followed by an outline of current state and 
improvement areas, and change strategies to approach a lean culture for industrialized 
TVE housing. Finally, generalization and validity of results and conclusions are 
discussed, and suggestions for future research are presented. 

5.1 Approach towards a lean culture in industrialized housing 

The claimed need for improvements in Swedish (and elsewhere) housing is 
related to cost savings, increased quality and decreased lead times. Possible 
improvements in housing are met in this thesis by industrialization, by a 
development towards a lean culture in Swedish industrialized timber volume 
element housing. 

By viewing lean as an organizational culture, the concept of lean is not solely 
related to an eclectic selection of tools, or as a philosophy to solely remove 
waste with production in mind. Instead, the definition of a lean culture adopted 
in this thesis is:

 “Shared assumptions that the common goal is increased long-term profit, achieved by 
decreased costs and waste (performance), through a focus on customers and the people that 
create value.” 

A significant finding is that without a common and contemporaneous focus 
from the whole organization on the customer, the performance and people 
creating value, improved long-term profit cannot be achieved. Changing 
towards a lean culture requires an organizational cultural change in industrialized 
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TVE housing while the lean culture per se is also argued to serve as a catalyst to 
promote a cultural change.  

Although industrialized TVE housing companies have moved production from 
traditional on-site construction to a more controlled environment and factory 
manufacturing, the organizational culture of the companies is still best 
characterized by a traditional construction mentality and culture. This is because 
the norms and the culture arise from similar industry demands, where a 
traditional construction “project” is the norm of the industry. Industrialized 
TVE housing shows certain similarities to manufacturing, such as the single 
process owner and a repetitive production process. However, the construction 
industry culture clearly influences the organizational culture of TVE housing. 
Therefore, industrialized housing meets the same difficulties as construction, in 
general, in applying the lean concept, e.g. regarding reluctance to change and a 
deep-rooted project culture. There are, however, characteristics of the 
organizational culture in industrialized TVE housing that originate in the 
construction culture, such as flexible workers and teams that take their own 
responsibility and are also important in a lean culture. Awareness and 
exploitation of this already natural part of the organizational culture is central 
when discussing the applicability of the lean concept and an approach towards a 
lean culture in industrialized TVE housing. 

5.2 Current state and improvement areas 

Industrialized TVE housing is about a product incorporating a complete system 
undertaking, where the companies take responsibility for the construction 
process from design to a complete building. Factory production and fast on-site 
assembly convey a product that is moisture-protected, and the complete 
production process (from design to the completed house) is managed in 20 
weeks (12 weeks design, 4 weeks production, and 4 weeks finishing on-site). 
The industrialized TVE housing building system is competitive, and potential 
customers are offered a stable price established in early stages. Hence, 
industrialized TVE housing manages many of the problems found in traditional 
on-site construction, such as variability in quality, moisture damages, long 
drawn-out production times, and a price that is adjusted during the construction 
process.

Examples of in-house developing areas that still need to be resolved are 
improved material and information flow, the work floor layout and employee 
loyalty to the building system. From a market point of view, the empirical 
findings further indicate that potential customers show uncertainty in solutions 
of functional demands (sound, fire, moisture) relating the building system to 
short term durability, and demand increased cost efficiency. It is indicated that 
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potential customers are not yet confident with the product and the production 
process because they experience a lack of own control compared to traditional 
on-site and project based construction. Potential customers also demand 
increased flexibility in building layout and design, though it is shown that an 
increased flexibility further complicates production due to the increased 
information and material flow. Further standardizing the end product would 
thus facilitate production, but because customer demands have to be met, 
further standardization of the end product would certainly not be the best 
alternative. Hence, attaining the present product flexibility with improved 
production standardization is more appropriate.

The empirical findings also indicate several specific improvement areas that are 
closely connected to the product (quality, price, reputation) and organizational 
culture: 

Lack of balance regarding the focus between customer, performance and 
people (the companies overemphasize the focus on customers ahead of 
performance, which is focused ahead of the people who create value for 
the customer) 

Lack of a common goal concerning increased profit implies lack of 
incentive for in-house and value chain cooperation 

Lack of standardized work and routines 

Lacking work practices that facilitate a smooth production pace and flow 

Lacking employee loyalty to settled product and process strategies 

Lack of top-management strategies and demands for the employees to 
follow settled strategies (obtain loyalty) 

5.3 Change strategies towards a lean culture 

The suggested change strategies for industrialized TVE housing consider the 
repetitive production process, where the product is to manage a project (the 
house is understood to be a project both by customers and in-house), and the 
influence by the construction project culture. Hence, the four most imperative 
strategies to consider when industrialized TVE housing is approaching a lean 
culture are outlined. The suggested strategies obtain the system view in the lean 
culture and must be a part of a continuous process. Two specific strategies 
consider the approach towards a lean culture:  

Stability and standardization, i.e. obtained by standardization of 
equipment (including work floor layout etc) and working routines 
(Strategy 1), beginning in the production facility and thereafter including 
all levels of the organization.  
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Standardization is dependent on specific projects being managed within a 
recurrent (and standardized) production process (Strategy 2), with a 
smooth and standardized production pace.  

To manage these changes, two important and concurrently employed strategies 
should be deployed:

A top-down/bottom-up change strategy (Strategy 3)  

A small step change strategy (Strategy 4). 

Strategy 1) Standardization of process 

Through standardized and predictable processes, organizational learning and 
learning between projects become possible because knowledge becomes built 
into the process instead of into the people. According to lean theory, 
standardization is the most imperative area to obtain if a lean culture is aimed 
for, since stability and standardization are the building blocks that other 
improvements rely upon. However, it is shown that stability and standardization 
are the areas requiring the most extensive improvements in industrialized TVE 
housing production, and thus also indicate where to start in a lean development 
and change process. 

Standardization of the work floor layout is important for visibility. Workers 
must easily see if anything is misplaced, which is a sign of someone not 
following the standard, or rather not knowing the standard. It is also easier to 
maintain work floor order if it is clear where all things should be placed. 

Standardization of working routines is based on learning the best way to 
perform a specific task, as it is known today. Hence, irrespective of who 
performs the task, it should always be performed in the same manner, with the 
end result always being practically the same. (In TVE housing production, the 
direction in which the nail punch is used is one simple example. Is it better for 
the worker and the efficiency to move the nail punch away or towards himself?) 
Without standardization it is also difficult to measure improvements or 
deteriorations if something in the process is changed. 

After standardization is obtained in the production facility, it should be extended 
to other levels of the organization, e.g. administration, how meetings are 
performed, etc. Standardization in all levels of the organization means that a 
good platform (for further development) is reached when work in production, 
administration, design, etc. is standardized and followed by all, workers and 
management. When the entire in-house system is standardized, standardization 
should also comprise suppliers. 
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Strategy 2) Manage unique projects in repetitive process 

By performing all activities (sale, design, production and assembly) using 
components that are recurrent and standardized, industrialized TVE housing 
companies can correspond to customer demands with a product based on 
project settings, but where the specific projects are kept unique at a certain level. 
The rationale for performing housing projects within a repetitive process is 
closely related to the standardization of the production process (Strategy 1). A 
standardized management implies possibilities to further improve the repetitive 
process because mistakes are easier to discover and it is possible to measure 
improvements.

Specific practices related to this strategy, i.e. experience from error-proofing and 
continuous improvements, should be stored in relation to the production-
process in a process-database that is valid for all projects passing the repetitive 
production process, Figure 5.1. Another necessary step to initiate is a further 
development of the structural building systems platform. 

Figure 5.1: Unique projects in repetitive process 

To obtain the repetitive process in Figure 5.1, obtaining a smooth production 
pace for the production process is imperative. However, the production pace 
has to be adopted slightly differently compared to the traditional manufacturing 
industry. A house produced and delivered as a project is always new to some 
extent (production pace differ between projects), whereas in traditional 
manufacturing, products and customer orders are often recurrent over a longer 
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period. Industrialized housing production has to follow a certain and decided 
pace to attain a fairly smooth long-term rate of production to facilitate the 
measuring of defects and deteriorations. This pace is kept by the standardization 
of product, process and plant, by demanding suppliers to deliver exact sub-
assemblies and to “manipulate customer orders”. 

Strategy 3) Top-down/bottom-up change process 

The clear lean strategy of a contemporaneous top-down/bottom-up approach is 
achieved by setting and implementing a common goal from top management, 
while implementing practices and tools that are spread to workers step-by-step 
to motivate the company towards a lean behaviour and mind. 
“Contemporaneous” means parallel implementation, but top-management 
initiatives must always precede the bottom-up approach. According to the lean 
concept, the model for this long-term change contains the eight concepts 
depicted in Figure 5.2. The legalization concept (white) is adopted from 
Cummings and Worley (2005), the top-down concept (yellow) and the 
bottom-up concept (blue) are found from and validated by the empirical results 
and adopted from the lean production literature (Liker, 2004 and others) and 
related to Cummings and Worley (2005). 

Figure 5.2: Organizational cultural change model for industrialized housing 
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The stepwise implementation of this strategy, performed as a continuous 
process, starts by formulating a clear top-management vision and strategy of the 
common goal. A clear vision of the organization’s new strategy, shared values 
and demanded behaviour is imperative. The change strategy and the common 
goal have to be modelled by the top-management, to obtain a picture easily 
comprehensible by employees, suppliers and customers. When the appropriate 
model is obtained, it is spread to employees. It is, however, important that the 
top-management live and display the strategy, i.e. they personally follow the 
strategy and the goal. A willingness to change by the top-management is an 
important indicator and motivator for others. The organization must be 
modified to support and accept changes in the organization, i.e. to obtain loyalty 
to the strategy. 

Because an organizational culture is influenced by practices it is important that 
tools and practices, implemented by top-management, influence both people 
and performance. The lean tool 5S is a good example and demonstrator of such 
a tool. The 5S tool as a change agent has the direct purpose of “cleaning” the 
work place. Its indirect purpose, and the most important, is to work on 
standardization and employee involvement by making the work place better for 
workers.

To achieve long-term change, it is important that newcomers are socialized in 
the organizational goal and strategy. Hence, it is vital to demonstrate why the 
new approaches have helped improve performance and ensure that the next 
generation of top management follow and live the goal and strategy. Finally, 
ethical and legal sensitivity is important to avoid tension between organizational 
and individual interests. 

Strategy 4) Small step change 

Literally, a small step change strategy means that the cultural change has to start 
in the current state, slowly moving forward, to ensure that all employees get 
time to adjust and become loyal to the development and the settled common 
goal and strategy. However, a small step change does not mean that only specific 
parts should be implemented. An understanding and acceptance of all parts in a 
lean culture concept are important to consider. Clearly, the lean concept and 
culture are forming a certain surrounding. If, for example, the 5S tool is chosen 
as a first step to start with when approaching a lean culture, adoption of the 
common goal by the organization is still important. Conversely, it is not a small 
step change if the product is completely redesigned while obtaining stability and 
standardization in the process. Small step changes are thus most important on a 
worker and practice level. 
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5.4 Generalization and validity of conclusions 

The choice of empirical method influences the possibilities to make general 
conclusions and obtain validity from the results. The total population of Swedish 
TVE housing was studied in this thesis, though the companies offer different 
products (commercial, multi-family, multi-storey houses). By using several 
different data collection methods, both qualitative and quantitative, and thus 
triangulation, the similarities of the companies are validated. Hence, 
generalization within the specific TVE building system is clear. This thesis has 
evolved, as industry and specific needs to be improved by the research have 
been pointed out by the TVE companies themselves, validating the merits of the 
results in reality. 

The complete process of undertaking and moving the construction process into 
a factory is not unique for TVE housing, but it is obvious for industrialized 
housing in general. Conclusions would thus be possible to generalize for 
industrialized housing. The suggested change strategies towards a lean culture 
are shown to correspond to the lean and cultural change in Swedish 
industrialized housing despite differences in building material and products. 
Several different organizations approaching lean concept-inspired industrialized 
housing are found in Sweden. Peab, the third largest contractor in Sweden, have 
developed their Peab Gemensamt System (PGS) over several years (Peab, 2005). 
The goal of this industrialized concept is to make use of technical solutions that 
have shown to work locally and develop a system that is common to the whole 
company, regardless of where in Sweden. Interestingly, Peab started their 
industrializing development on a large-scale basis, with a total change as the 
goal. However, the company has now slowed down its development of the 
industrialized system to instead take smaller steps forward. Other development 
projects in Sweden (e.g. at the construction company Veidekke) have started 
industrialized housing developing using a bottom-up perspective with employee 
involvement and lean project planning. 

An industrialized housing approach that has attracted much attention is the 
NCC Komplett undertaking, where a large scale factory and new subsidiary of 
NCC was shut down after only 300 produced departments (NCC, 2007). 
According to NCC, the reasons were quality problems regarding tolerances 
where sub-suppliers had not been able to deliver components with sufficient 
tolerances, and that the large-scale production advantage the company had 
counted on was not achieved because things such as design drawings could not 
be reused. Open House Production (Open House, 2008), another Swedish 
company, shut their factory down for industrialized housing because cost 
reduction expectations were not met. Both NCC Komplett and Open House 
argue that they moved too fast, with too many new technical solutions and 
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where actors were not loyal to the system. Both these approaches were based on 
radical innovations where the complete building and production systems were 
developed very quickly. 

These initiatives and “failures” point to the fact that a long-term change towards 
a lean culture has to be based on a small step change, standardization of the 
production process and a bottom-up perspective with loyalty to strategies and 
the system. Although the TVE companies have not adopted a strategy to 
become lean, and the conclusions are therefore demarcated to finding possible 
change strategies, the comparison to Swedish industrialized housing in general 
and triangulation through chosen methods still illustrate reliable results and 
conclusions.

The thesis is demarcated from construction in general as on-site housing, 
bridges, monumental buildings, etc. However, the construction culture is 
argued to be based on the general norm of the industry, i.e. products in the 
logic of projects. Hence, strategies to approach a lean culture regarding, e.g. 
contemporaneous top-down/bottom up approaches and standardization of the 
process, are probably not unique to TVE and industrialized housing, but can 
likely be considered for construction in general. However, generalization of 
industrialized housing and construction is still not clear. Industrialized housing 
started on a larger scale 15 years ago. What is evident is that they only moved 
housing production indoors and into a factory, but still have a production 
culture with large similarities to a traditional construction culture. However, this 
thesis acknowledges that the shown need to focus on the culture and people to 
achieve development might not have the same importance in construction, in 
general. 

5.5 Future research 

This thesis is based on theory related to the lean concept through the eyes of 
culture. The understanding and characterization of a lean culture is obtained 
through comparisons to the construction culture and different lean approaches 
in construction and manufacturing. In this thesis, culture has shown to be a way 
of explaining the application and applicability of the lean concept to 
industrialized housing. However, the combination of lean and culture is closely 
connected to organizational thinking; hence, an understanding of a lean culture 
and change towards a lean culture in industrialized housing could obtain deeper 
understanding from the eyes of organizational theory. 

Potential development possibilities of industrialized TVE housing by the lean 
concept are shown, but suggested improvement strategies are not practically 
evaluated in the companies. The studied companies have not addressed any 
desire to implement the lean concept and thus a future research area is to apply 
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and evaluate the suggested improvements on the studied companies. A first case 
would be to implement the lean tool 5S, as suggested in the study, and evaluate 
improvements and its influence on culture. 

Culture and cultural change were discussed in this thesis, and the current 
production culture of TVE housing was evaluated. The culture was evaluated 
using an assessment framework developed from the lean concept and culture. 
Although several similar assessment frameworks related to the lean concept were 
found in the literature, an evaluation of culture (in research) is mostly performed 
using a framework based on organizational culture theory, such as the 
Competing Values Framework (Cameron and Quinn, 1999). A future research 
area is thus to deepen the understanding of the culture within the TVE housing 
companies, e.g. using the Competing Values Framework. 

In this research, a possible development of the production process and the 
product was claimed to be standardization of specific activities and components. 
The mentioned standardization of components, however, was only related to 
standardization of key components, e.g. wall, roof and floor structures. Further 
standardization, or modularization, of included components (that do not further 
demarcate the current flexibility of the product) and sub-components in the 
product could be a future research area. 

The main case study and focus group surveys showed common improvement 
areas within structural engineering and timber engineering solutions, such as 
timber staircases for multi-storey housing, warm foundations and the 
coordination of installations for the TVE building systems. However, this area 
was not considered in this thesis, though it is a possible area for further 
technology development research within TVE prefabrication. 
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ABSTRACT
Lean is about waste elimination and value creation. The prefabrication of 
houses seems to be one way to create structure while decreasing complexity 
and waste generated by variation. However, prefabrication decreases some 
types of complexity and waste, but introduces others through new actor roles 
and a shift of focus to manufacturing. 

The aim of this paper is to develop an understanding of a prefabrication 
strategy and show the increased need for a novel comprehension in lean 
construction regarding different types of prefabrication deliveries and thus 
different types of complexity. Complexity as such, here used in a contingency 
context, cannot be generalized; hence this study explores the differences in 
peculiarities of on-site construction, element prefabrication and volume 
element prefabrication. Peculiarities in volume element prefabrication are 
found to consist of two connected parts; Product complexity including building 
element design and product design (built-in knowledge), and process 
complexity including internal logistics, breadth of required knowledge and 
integration between product and process design. The sources of complexity in 
volume element prefabrication are thus connected to the in-house production 
system, and differ from on-site construction and element prefabrication 
peculiarities connected to fragmentation and uncertainty among actors in the 
value chain.  
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INTRODUCTION
There seems to be two different strategies within lean construction where 
structuring of the dynamic and complex construction system is created through 
reducing complexity and waste generated by variation. The strategies are either 
to develop the on-site construction process and its product as proposed, such as 
Koskela et al. (2003), or develop the prefabricated product and its process, as 
proposed by e.g. Ballard and Arbulu (2004). We call the latter a prefabrication 
strategy where the lean ideal is to simplify site installation to final assembly 
involving every phase in the project delivery process. The prefabrication 
strategy in Sweden is a trend in progress that has shown to be competitive in 
housing through factory manufacturing and controlled process flows 
(Bergström and Westerberg 2004). Prefabrication along with standardisation of 
products and processes are also shown by others to contribute in construction 
process improvements (Gibb 2001, Roy et al 2003). However, lessons learned 
indicate the elimination of waste and complexity through prefabrication to 
cause new problems that have to be tackled to obtain the intended benefits 
(Koskela 2003). However, this argument should not hinder further 
developments of a prefabrication strategy, since prefabrication can be more 
than a complement to on-site construction, as volume element prefabrication 
has shown to be in Sweden, Figure 1. A volume element is here defined as a 
three-dimensional structure, built up by elements and completed in a factory. 

Figure 1: Volume element prefabrication and assembly.  
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The aim of this study is to develop an understanding of a prefabrication 
strategy and to show the increased need for a novel view in lean construction 
regarding different types of prefabrication deliveries. Therefore, one intention 
is to chart differences and describe the relationship in peculiarities of on-site 
construction, element prefabrication and volume element prefabrication that 
cause waste generation and complexity in products and processes. Complexity 
as such, used here in a contingency context, is not the goal, but a theoretical 
approach to address differences between construction and prefabrication.  

DIFFERENT MODES OF COMPLEXITY IN CONSTRUCTION  

A COMPLEX SYSTEM

A complex system can in a wider context, as related to literature in general, be 
described as “any form of system that comprises many components interacting 
with each other” (Lucas 2000). Complexity studies are related to what happens 
when components within a certain system are connected and when stimuli to 
the system are received. Complex system literature (e.g. Rose-Anderssen et al. 
2005) shows that evolution is to be expected in real systems that survive in a 
changing environment and that a complex system is one where successive 
future structure will be created.

In construction the complex system has been studied as connections mainly 
consisting of relationships between actors and organisations (e.g. Bertelsen 
2003) or as demands on physical connections between building components 
(Björnfot 2004). Complexity in construction has also been connected to 
uncertainty and interdependence that causes difficulty in implementing planned 
production workflows (Gidado 1996). Separate and diverse organisations, 
operations and activities, and characteristics of materials and knowledge are 
factors that make construction a process of varying choices from project to 
project (Baccarini 1996). In this study the whole complex construction system 
is considered from a general point of view, though the empirical part, and 
hence the system delimitation of the study, focus on the volume element 
prefabrication production process. The complexity of this process is therefore 
influenced by the complexity of the prefabricated product, an even more 
delimitated complex sub-system. 

ON-SITE CONSTRUCTION 

In a traditional construction process, a structure is built up by a number of 
components and sub-assemblies on-site, Figure 2. Peculiarities of construction 
are argued to be the one-of-a-kind nature of the construction project, site 
production and temporary organisation (Koskela 2003). The mentioned views 
of complexity in on-site construction are clearly related to the more holistic 
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terms of uncertainty and fragmentation, also recognized in studies of the 
Swedish housing industry (e.g. Fredriksson 2003). Also evident is that the 
complexity related to construction falls within a system engineering description 
of complexity that seems to be generic; the connection or interdependence 
between different elements in a system is far more important than the elements 
(number of tasks, specialists, components) (Lucas 2000, Baccarini 1996).

PREFABRICATION

It is argued that complexity as such cannot be generalized and generally 
defined, since it depends on the context where it is used (Edmonds 2000, 
Rodriguez-Toro et al. 2004). The complexity of on-site housing construction 
cannot be directly compared to that of prefabricated housing. Depending on 
how products are delivered, many conceivable sources of complexity in 
prefabricated housing arise. One type of product delivery is element 
prefabrication. The element is manufactured in a factory environment with 
controlled manufacturing processes – the so-called factory physics (Hopp and 
Spearman 1996) that is here associated to one single process owner. The 
element is transported to the construction site where it is assembled together 
with other elements and sub-assemblies, termed the construction physics by 
Bertelsen (2004) and associated in this paper with work on-site involving 
several different actors, Figure 2. 

Figure 2: On-site construction respective element prefabrication 
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Peculiarities within factory physics are managed with lean manufacturing 
principles, while peculiarities in construction physics are managed with lean 
construction principles (Bertelsen and Koskela 2004). In this study, the 
concepts of factory physics and construction physics are used only as 
terminology, describing two different environments, without any further use of 
the underlying theory. 
In a case study of a multi-storey timber housing project a principal source of 
complexity for prefabricated elements assembled on-site was claimed to be the 
level of tolerances between different elements and sub-assemblies (Björnfot 
and Stehn 2005). The tolerance problems originated from an unsettled 
definition of the “decoupling point”, i.e. the separation between the factory 
manufacturing of elements and the physics of the construction site. The same 
types of peculiarities in prefabricated construction, namely the lack of an 
overall view where different actors have different focus, are identified 
(Warszawski 1990). Thus, element prefabrication assembled on-site is partly 
linked to the same type of complexity as traditional on-site construction, i.e. 
fragmentation. Longer flow causing higher requirements for cooperation and 
coordination, longer error correction cycles causing large correction costs, 
tolerance problems and a higher amount of required design early in the 
construction process are mentioned as sources of complexity in element 
prefabrication (Koskela 2003, Björnfot and Stehn 2005). 

PRODUCT AND PROCESS COMPLEXITY ORIGINATING IN 
CUSTOMISATION 
To handle complex products even more effectively, establishing empirical 
relationships between product and process complexity is central, especially 
because relationships differ depending on customer requirements (Hobday 
1998). Product complexity is made up by the product design, i.e. the geometric 
shape and component interface geometry and inbuilt knowledge. Process 
complexity is the requirements that a process must meet if it is to convert 
conceptual design into a physical product. Hence, process complexity is heavily 
dependent on the design of the product. The complexity of the product tends to 
increase in proportion to the different strategies employed between 
standardisation and customisation, Figure 3, (Lampel and Mintzberg 1996) and 
the number of different products (Hobday 1998). The connection between 
customisation, increased cost and lead-time in housing is shown by Barlow et 
al. (2003).  
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Figure 3: Standardisation and customisation. After Lampel and Mintzberg (1996). 

From Figure 3, it is obvious that increased complexity of a delivered product is 
connected to increased customisation. Customisation influences the number of 
diverse inputs or outputs or both, the number of separate and different actions, 
and interactions between individuals or tasks to produce the end product. 
Likewise, a higher number of internal and external specialists involved in a 
project, i.e. going from left to the right in Figure 3, will lead to an increased 
process complexity (Hobday 1998, Kotteaku et al. 1998). 

EMPIRICAL RESEARCH METHOD 
The aim of this study is to develop an understanding of a prefabrication 
strategy. To obtain this, the complexity in prefabrication and the relationship 
between the degree of standardisation, customisation, product and process 
complexity in prefabricated Swedish housing were studied. A multiple case 
study of the five leading Swedish timber frame house manufacturers, that make 
use of volume element production, was performed. Personal in-depth 
interviews, site visits and complementary phone interviews with respondents 
possessing a comprehensive responsibility and understanding of the 
companies’ product and process designs were performed. Interviews were also 
conducted with employees in the factory production. Other source materials 
were documents such as construction drawings, process charts, and product and 
process descriptions. The case descriptions are relatively comprehensive to 
obtain a wide picture of volume element prefabrication in Sweden.  

RESULTS
General and salient observations for all studied case companies are first 
outlined followed by the main results and characteristics for each studied 
company. Common to all studied manufacturers is that they: 

Manufacture “ready-to-use” volumes, integrating elements and 
subassemblies complete with electrical installations, flooring, cabinets, 
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wardrobes and finishing etc. in a factory. The volumes are transported to 
the construction site where they are assembled into a complete house, 
Figure 1.

Have long-time relations with some selected suppliers of key 
components.  

Purchase subcontractors and consultants traditionally, but practically 
always the same actors and individuals, familiar with the manufacturers’ 
routines and working methods, are selected.  

Experience restriction in volume element design determined by 
transportation limitations. 

Have certain problems with the design of their factory layout. Most 
layouts are not designed for volume element production; ad hoc solutions 
originating from an element manufacturing layout typically still exists. 

To support these general observations Bergström and Westerberg (2004) show 
that Swedish timber frame house manufacturers using volume element 
production have a developed logistics way of thinking, which has yielded 
methods to handle customer demands of short lead times and high flexibility 
compared to traditional construction.  

FLEXATOR AB
The main products of Flexator are official and commercial buildings, e.g. 
schools, group dwellings, social service and office buildings. They offer 
standard concepts for some of the product types, but most of the buildings are 
still customized, and to some extent are therefore one-of-a kinds. Flexator 
prefers to work in projects where they take care of the whole construction 
process in design and build contracts where the planning and manufacturing of 
the complete house includes installations, wiring, house foundation and 
infrastructure. This demands a wide and flexible organisation, which in its turn 
demands projects where the complete organisation is utilized.  

Former, standardised concepts were a more distinct element in Flexator’s 
product offers, differing from today’s where the company works with 
customised products. The difference in production is principally the lost 
repetition effects and hence, the need for increased information. Material 
suppliers demand more information when components differ from object to 
object. Information from customers must be gathered early in the process, since 
the design phase has to be finished before start of the production. Problems 
frequently arise when information given to production from customers is 
misunderstood, as is often the case with construction documentation. Craftsmen 
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also have to consult construction drawings more frequently, compared to earlier 
when they were totally familiar with the standard products.

Loyalty to the process in the early stages seems to be low, as employees 
state that “the company is too good-natured towards customers, allowing late 
changes in design leading to deterioration of efficiency in production”. 
Problems are also connected to a need for improved internal logistics in the 
factory. Production is not optimal since wall and floor elements have to often 
be turned or moved back and forth. Elements are also stored disadvantageously 
due to the factory being so small.  

FINNDOMO GROUP 

Finndomo Group has concentrated their production towards dwellings, e.g. 
detached houses for private consumers, terrace houses and larger projects with 
multi-family dwellings. The multi-family dwellings projects have been 
executed in close cooperation with a large Swedish contractor. Since Finndomo 
often cooperates in projects with the same contractor, they participate in the 
early design phase and the development of the product. The main benefits here 
are that the company can develop products to fit directly into their building 
system, leading to good project economy and efficiency.  

Customer requirements sometimes differ, with a more customised product 
resulting in more required information to and from customers and suppliers. 
Early design phases are also longer in highly customised projects. Overall, 
customisation mainly influences lead time, mostly because customers are late 
in their decision making, but also depending on the non-standard component 
choices that can have longer delivery times than standard components. The 
most critical point regarding information flow is that salespersons have to 
correctly understand the customers’ choices, and then be able to document the 
information so that other levels in the value chain understand the information. 
To develop the industrial process, material flows and internal logistics have to 
be developed further. A future vision is that the apprehension of customers to 
volume element prefabrication has to be turned from the mental picture of 
volumes as booths and barracks, to see the possibilities with flexible, high 
quality prefabricated houses. 

MOELVEN BYGGMODUL AB
Moelven Byggmodul AB manufactures building products from simple booths 
to office buildings, schools and multi-family dwellings. This broad product 
offering is possible, since Moelven owns four different Swedish companies that 
manufacture the different product types. Some products are sold to 
municipalities while most multi-family dwellings are developed together with a 
large contractor.
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If a standard concept is compared to a customised project, the standard house is 
said to be far more rational to produce. A standardised concept demands less 
time for design, planning, purchasing of materials and sub contractors, and 
employees know how to make the product. The difference between 
standardised and customised houses is mostly based on the difference in 
required information throughout the value chain. The purchasing of materials is 
a highly exacting activity in a customised project and likewise for the 
information flow between the purchasing division and the design team. 
Customisation involving different volume sizes also renders long set up times 
in production and several material switches. Production today is highly 
customised, but the Moelven vision is to render a more effective production 
process to decrease costs. A possible solution mentioned is to work with 
standard concepts and offer customisation through options (extras) to obtain 
higher repetition effects in production. It is important for the company to 
participate early on in design phases to influence the house design so that it fits 
the building system. A future vision is therefore to spread knowledge about 
volume element prefabrication to customers and architects. 

LINDBÄCKS BYGG AB
Products offered and manufactured by Lindbäcks are student lodgings, hotels, 
multi-family dwellings (mainly four storey houses) and senior dwellings. 
Although flexible, their only limitation is the physical dimensions set by 
transportation and the structural demands for the volume elements. Contrary to 
other studied manufacturers, the factory layout does not seem to be a major 
problem for Lindbäcks. Even though Lindäcks products are highly customised, 
the same type of system solution is used independent of product design. Every 
project is unique and suited after the customers’ demand, except for, e.g., 
student lodgings where the repetition effects are gained since house design is 
standardised within and between every project. The degree of customisation 
influences the efficiency of production and an increased information flow is 
said to be a key issue. Material that cannot be bought via annual agreements 
requires extra work and more information to and from material suppliers. 
Another type of information is the increased need for customers to understand 
the effects of late decisions in the process, influencing the projects’ economy. 
One strategy is to train sales staff to reject late changes in design to obtain 
efficient production. An increased customisation and information flow also 
influences production employees, since many changes lead to decreased project 
learning. However, the company has observed a decreased efficiency due to 
employees getting into a rut when projects exceed 100 to 150 flats. The 
ambition and the future vision of the company is to control the information 
flow much better. To reduce waste occurring in production defects, it seems 
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important that information about new projects is not handed over from the 
design phase to production before all information is absolutely complete and 
correct.

NORVAG BYGGSYSTEM AB
Norvag Byggsystem AB primary manufacture official and commercial 
building, e.g. schools, pre-schools and office buildings, though the company 
has tried to expand their market towards dwellings. Norvag has developed 
suggestions for multi-family dwellings, student lodgings modules and a module 
for electricity hypersensitive persons. Except for these standard modules, 
Norvag solely works with highly customised projects. All products are 
fundamentally unique, but the building system is always the same, e.g. the 
company has a standard design for walls. The most common procedure is when 
the company adjusts their system as per a customer’s design of an ordered 
house, though the most effective is if they can design the house themselves. 

It is emphasized that the production is managed with a focus on customer 
value and not on internal production efficiency, since flexibility and 
customisation are core values to retain customers. Nevertheless, the repetition 
effects and project learning are important due to customers also demanding 
short lead times and low costs. The design phase is critical because it has to be 
correct from the beginning to avoid mistakes in production. To develop the 
process, improved internal logistics are mentioned as important. Another 
important issue when manufacturing customised products seems to be the 
information flow from the design team to production plant employees. 

ANALYSIS AND DISCUSSION 
From systems engineering, the statement that the connection between elements 
is far more important than the elements themselves, (Lucas 2000, Baccarini 
1996) has been analysed. On-site construction, element prefabrication and 
volume element prefabrication show different peculiarities, position and 
importance of the decoupling point between factory physics and construction 
physics, Figure 4. 

In traditional on-site construction, no distinct decoupling point between 
factory physics and construction physics exist (except for smaller sub-
assemblies as e.g. windows and doors). Instead, the connection of importance 
and the connection where problems arise are those interactions in the temporary 
organisation of the one-of-a-kind project (Koskela 2003). 
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Figure 4: On-site construction, element prefabrication and volume element prefabrication 

In element prefabrication, tolerance problems originating from e.g. poor 
communication are shown by Björnfot and Stehn (2005). These problems point 
to the importance of handling the complexity in the connection, or the 
decoupling point, between factory physics and construction physics where the 
product from the element manufacturer is handed over to the contractor. 
Complexity is reduced when standardisation is obtained (Lampel and 
Mintzberg 1996). Hence, the only right way seems to be to standardise the 
connection, the communication, to reduce mistakes and to overcome the 
complexity. In building projects using element prefabrication, initial design 
decisions are important – changing a prefabrication decision on-site is often 
difficult due to long lead times (Koskela 2003). 

As in on-site construction, there is no decoupling point of distinct 
importance between factory physics and construction physics in volume 
element prefabrication, since the whole process, and thus the volume element 
manufacturers handles the information flow. The process is located within 
factory physics, though volume elements are assembled on-site. Some of the 
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studied companies often cooperate with a large contractor that, e.g. makes the 
foundation to the houses. This decoupling point does not however seem to be a 
problem causing complexity. Rather, other “connections between elements” are 
related to peculiarities and problems in volume element prefabrication. One 
typical problem encountered is the need of better internal logistics e.g. 
regarding the flow of material in production. High customisation demands 
increased information to customers so that they can understand what part of 
decisions causes longer lead times and higher costs. The correct procurement of 
information from customers is also important for the case companies. The 
multiple case study shows that the fragmentation is eliminated for volume 
element prefabrication and if, e.g. tolerances are still a problem for a volume 
element manufacturer, the problem originates from poor control of the in-house 
production system and not because of fragmentation. This discussion indicates 
that relevant sources of prefabrication complexity of houses using volume 
element production is related to the in-house production system, i.e. progress 
within factory physics. The case study results imply that lessons for volume 
element prefabrication can be principally learned from lean manufacturing, 
since the development areas are more related to factory physics managed with 
lean manufacturing principles rather than lean construction principles.   

The design phase is a limitation for volume element manufacturers because 
it demands large efforts to be completed in the early stages before the 
production phase starts. In a lean project delivery system the product and the 
process are designed together (Ballard and Howell 2003b). Thus, a 
development area, i.e. the area that most likely can decrease costs and lead-
time, seems to be integration of product and process design. To decrease costs 
and lead times, it is also evident that an increased knowledge about building 
systems of volume element prefabrication for architects and customers is 
needed. Advantages would appear if the manufacturers did not have to adjust 
an already designed house to their building systems, entailing double design 
phases and not optimal conditions for an efficient prefabrication strategy. 

This study indicates a strong link between the degree of customisation and 
peculiarities, and thus complexity in volume element prefabrication as shown 
by Hobday (1998). 

The degree of customisation determines the element design, influencing 
the type of integration between elements and the number of different 
elements. With Figure 3, it is possible to understand the 
customisation/standardisation strategy of the studied companies as well 
as the obviousness of choosing an important strategy, since it influence 
the process complexity. The companies Flexator and Norvag act with a 
clear “Pure customisation” strategy in Figure 3, while Lindbäcks, 
Moelven and Finndomo have strategies more to the left of the figure. 
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The element design, i.e. the product complexity, influences both material 
and information flow and the breadth of required knowledge, i.e. the 
process complexity. Low loyalty to a settled product design in the late 
phases affects the process complexity and makes prefabricated products 
much less effective. Two interdependent sources cause this, specifically 
customers (e.g. contractors, real estate trustees etc.) who do not 
understand the product and the effect of late changes and employees (e.g. 
designers, salesmen) at the manufacturers who have to have loyalty to 
the system and not accept late changes. An obvious input to a successful 
prefabrication strategy is thus not to accept late changes. 

The kind and degree of in-built knowledge, i.e. product design of the 
delivered product, influence the complexity. A high product complexity 
where the whole construction process is handled requires a flexible 
organisation with several different skills and varying knowledge 
involved in the process.  

Summing up the different peculiarities leading to different types of complexity 
between the three different ways of delivering a product (on-site construction, 
element prefabrication and volume element prefabrication) is shown in Figure 5 
below.

Figure 5: Peculiarities and complexity depending on product delivery 
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CONCLUSIONS
This study shows that it is inappropriate to generalize management of 
construction without considering the difference in complexity between on-site 
construction and the different types of prefabricated product deliveries. 
Therefore, it is proposed that a novel view within the lean construction concept 
is needed to more clearly incorporate tools and methods in a lean 
manufacturing context considering, e.g. innovative prefabrication deliveries as 
volume element prefabrication. Peculiarities in on-site construction, e.g. the 
temporary organisation, and two or more production locations in element 
prefabrication are related to fragmentation causing complexity. This study 
shows that peculiarities in volume element prefabrication are connected to 
product complexity through the choice of customisation/standardisation 
strategy, element design and in-built knowledge in the product. The product 
design therefore influences process complexity, which in volume element 
prefabrication shows peculiarities as internal logistics, breadth of required 
knowledge and integration of product and process design.
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CUSTOMER VALUE IN LEAN PREFABRICATION OF 
HOUSING CONSIDERING BOTH CONSTRUCTION 

AND MANUFACTURING  
Matilda Höök1

ABSTRACT
Prefabrication increases standardisation and repetitiveness both in processes 
and products and yields a progress of a construction process that is more 
comparable to manufacturing than on-site construction. Previous research 
shows that house prefabrication reduces waste and resolves some of the 
peculiarities of construction (e.g. one-of-a-kindness, on-site production and a 
temporary organisation). However, the need for value creation by considering 
construction peculiarities in prefabrication is also discussed within the IGLC 
community. Hence, the aim of this research is to contribute to the 
understanding of how to obtain a lean prefabrication strategy, i.e., a strategy 
that considers both waste reduction and value generation. 

To find suggestions for development within value creation of a 
prefabrication strategy, a multiple case study of the total population of Swedish 
timber volume element (TVE) prefabrication, and a customer survey of 57 
potential and previous real-estate trustees of the TVE building system was 
performed. The result shows that value generation is connected to meeting 
customer needs formulated within the deep-rooted culture of construction based 
on historical knowledge and attitudes. Traditional on-site production is still 
apparently perceived to allow a higher degree of control, trust and flexibility. 
To obtain a lean prefabrication strategy both waste reduction, through the use 
of manufacturing related project orientation, and consideration of the 
construction culture is therefore needed. Previous researches suggest flexibility, 
customisation and convincing design have to be met to obtain value generation 
and this is empirically confirmed by this research. However, the research also 
shows that a lean prefabrication strategy still has to meet the traditional needs 
of the process, as control and trust of the production process and the product, 
trust of the manufacturer together with information transfer, to obtain customer 
value. Control and trust can be supported by information transfer via strategic 
alliances and demonstration houses. 

                                                          
1  Tech. Lic., Div. of Structural Engineering - Timber Structures, Luleå University of 

Technology, 97187 Luleå, Sweden, Phone +46 920 491028, FAX +46 920 491913, 
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INTRODUCTION
The needs for reduced costs and increased efficiency in construction are widely 
discussed in construction related areas. However, the efforts have shown to be 
slower and less successful (thus far) compared to manufacturing (Winch 1998).  
One solution mentioned in Swedish housing is development towards increased 
industrialisation to better control the process and the quality of the results. 
Herein industrialisation in construction is connected to prefabrication where 
production, as in manufacturing, is made in a controlled factory environment. 
Thus the development of industrialisation is a development that brings 
construction closer to manufacturing. The same train of thought is found in the 
lean construction area where ideas from lean production, also developed in 
manufacturing, are applied and adopted to construction. Hence industrialisation 
of construction through prefabrication, and the application of lean 
production/lean thinking to on-site construction are two separate, but parallel, 
ways towards the same goal.

Lean is about waste reduction and value creation and house prefabrication 
has in previous research shown to decrease some types of waste found in 
traditional on-site construction, (e.g. Höök and Stehn 2005) through reduction 
of the construction peculiarities. However, prefabrication of houses does not 
necessarily result in a lean production process and within the IGLC community 
an ongoing discussion points out the need for addressing value generation in 
prefabrication (e.g. Vrijhoef and Koskela 2005, Ballard 2005). Hence, the aim 
of this research is to contribute to the understanding of how to obtain a lean
prefabrication strategy, i.e. a strategy that considers both waste reduction and 
value generation. 

VALUE GENERATION AND THE CONSTRUCTION CULTURE
Value can only be defined by the customer and defining value is the first step in 
lean thinking (Womack and Jones 2003). However, Barshani et al (2003) argue 
that value not necessarily is customer driven and suggest that value, as 
conceived in the Lean construction community, is generated through the 
interplay between customer and supplier. Hence, the understanding of a 
customer’s requirements and what is perceived to be value is basis to a 
supplier’s value delivery. A perceived value of a construction product customer 
can be connected to needs formulated within the industry culture context, i.e., 
the norms the members of a given group follow and the material goods they 
create (Barthorpe et al. 2000). To understand what is perceived to be value in 
construction it is important to understand the technical and social context of 
construction, i.e., the construction culture. Here, learning from the knowledge 
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of the intentions to change and accept innovations can help us understand what 
is perceived to be value.

Improvements and innovations such as industrialised housing are requested 
by construction actors but the construction industry lacks a systematic and 
strategic approach to change because its culture remains essentially adversarial, 
e.g. with continuing reliance on price competition and firm contractual 
arrangements (Saad et al. 2002). The “problem-solving” culture of construction 
does not allow any evaluation of current problems because on-site problems 
and problem solving are a natural part of the construction culture (Winch 
1998). The construction industry thus has difficulties to emphasize essential 
needs, as many problems are either not seen or ignored, and are rated among 
“normal features of the business” (Vrijhoef and Koskela 2000). Bröchner et al. 
(2002) have investigated the Swedish construction sector with an emphasis on 
the implications of the local culture and have found that even though interest in 
developing more innovative organisational relations and production methods 
has increased in recent years, the actors nevertheless seem reluctant to change 
the traditional allocation of responsibilities and the traditional way of working. 
Construction professionals will also not adopt new technologies and 
innovations until they are seen to be beneficial (Crowley 1998). The same 
arguments are found in innovation diffusion theory where the level of 
innovation adoption is argued to be based on the possibility of an adopter to see 
advantages of the innovation (Rogers 2003), i.e., value. As discussed above, the 
apprehension of an innovation and what is perceived to be value is connected to 
a potential adopter’s norms and environmental culture. Previous knowledge, 
practical experience (Roehm and Sternthal 2001, Pereira 2002), social 
environment (Rogers 2003) and level of information distribution (new 
knowledge) of an innovation influence the apprehension as the customer not 
necessarily is sophisticated enough to grasp the merits of a product (Womack 
and Jones 2003). 

The social and technical environment of construction can be characterized 
by the construction peculiarities that influence the characteristics of constructed 
products, ways of production, and the industry itself (Vrijhoef and Koskela 
2005). Peculiarities found in on-site construction are the: 

One-of-a-kind production that is argued to be caused by different 
customer needs and priorities, differing sites and surroundings, and 
different views of designers on the best design solution (Koskela 2003).

Site production that conveys temporary production facilities and the 
project is, e.g. exposed to the uncertainty and unpredictability in clerk of 
the weather. 
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Temporary organisation (Koskela 2003, Riley and Clare-Brown, 2001) 
that is designed and assembled for the purpose of the particular project 
and is composed of different companies and design practices that have 
not necessarily worked together before (Dubois and Gadde 2002). 

Governmental control via plan and building regulations. Each project is 
one-of-a-kind due to governmental plan and building regulations and 
each project has to pass through construction permissions issued by local 
authorities (sometimes with local interpretations). 

Hence, the peculiarities of construction convey a social and technical 
knowledge based context that is difficult to modify. The construction actors are 
used to this “surrounding” where the construction process is divided into 
separate phases and several different actors cooperate in projects. 

JOINT CONSIDERATION OF MANUFACTURING AND 
CONSTRUCTION  
A large part of the lean construction movement has claimed that construction 
improvements and innovations have to be managed within construction itself, 
i.e. within the context of the existing production situation. This “internal” view 
is claimed to be important to cope with the dynamics of construction, through 
e.g. planning systems of on-site activities, as the last-planner system (Ballard 
2000). Others implicate that prefabrication, industrialisation and a shift of focus 
from construction towards manufacturing is another possible solution (e.g. 
Pasquire et al 2004). Traditional construction has been shown to convey 
difficulties for innovation adoption when improvements are made within on-
site construction (e.g. Green 1999, Low and Mok 1999). Considering this, a 
shift from construction to manufacturing might experience a similar difficulty. 

Eliminating construction peculiarities does not necessarily solve problems 
by itself, instead a wider approach is needed (Koskela 2003). The basic 
argument is that construction peculiarities causing production problems and 
waste, i.e. any activity not contributing to the creation of value, are needed to 
be solved or reduced. But peculiarities do not necessarily have to result in 
production problems leading to waste, and peculiarities are thus not equal to 
problems or waste. Sometimes achieving value (economic, environmental, 
social, cultural and historic) is more important than reducing waste (Vrijhoef 
and Koskela, 2005). Therefore, the relation between waste and value generation 
has to be noticed in the context where improvements in construction are 
considered. Peculiarities that lead to waste and not value need to be better 
managed, though in some cases the peculiarities of construction must be 
accepted if the value is greater than the loss caused by waste, e.g. from an 
economic view. Large and complex building projects may contribute to waste 
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in terms of production, but still produce value for the social and cultural 
environment (Vrijhoef and Koskela 2005). Thus, there is not always a need or a 
solution to reduce or resolve the peculiarities and the culture of construction to 
achieve improvements. 

Waste reduction is often connected to an increased amount of repetitiveness 
in products or in processes, a view related to manufacturing. As a result, design 
has been related to making and one-of-a-kindness, while value generation has 
been related to waste reduction. The degree of customisation of a product is 
therefore often considered only in terms of repetitiveness, without considering 
the process of design and its relation to value generation (Ballard 2005). The 
challenge is to understand design and customisation as a process of value 
generation and to learn how to integrate design and repetitiveness without 
sacrificing the essential nature of either (Ballard 2005). The need for 
contemporaneous value generation is also confirmed by the low adoption of 
early attempts of industrialisation of construction, where main goals were 
decreased costs and lead times, while flexibility in the product could not 
correspond to customer demands (Gann 1996). 

Prefabrication and lean production in a factory environment enable waste 
reduction through process orientation that entails one process owner, controlled 
production and a standardised process. However, from the above discussion, a 
lean prefabrication strategy does not imply waste reduction through process 
orientation and lean production, value generation that considers the 
construction culture is also needed in the same context. The construction 
peculiarities entail a project orientated construction culture where the actors are 
used to a flexible, customised product with a practically unrestricted design. 
These factors have to be considered to obtain value in construction. The 
prefabrication context in construction, Figure 1, is thus edified by project 
orientation that enable value generation in a construction environment, and 
process orientation that enable waste reduction in a manufacturing 
environment. According to the above literature examination, a lean 
prefabrication strategy has to consider the interface between construction and 
manufacturing to be accepted by construction actors, and not only focus waste 
reduction in manufacturing related areas. 

Swedish timber volume element (TVE) prefabrication is a building system 
that makes use of factory production where approximately 90 % of a building is 
produced in-door. The building system is industrialised and manufactured 
through prefabrication and factory production. TVE prefabrication is thus an 
example of an innovative building system where the actor roles and the 
production process are changed compared to traditional on-site construction 
(c.f. Höök 2005). 
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Figure 1: The prefabrication context in construction incorporates both manufacturing and 
construction

Despite the shown possibilities for increased efficiency and quality and 
decreased costs of TVE housing through the use of industrialisation and 
prefabrication, the building system has not yet gained confidence from the 
Swedish market. The building system reduces construction peculiarities found 
in on-site construction and part-wise element prefabrication and thus reduce 
waste (Höök and Stehn 2005). However, the hypothesis employed herein is that 
the loss of acceptance and innovation diffusion for the TVE system are due to 
an incomplete prefabrication strategy that needs a value creation formulated in 
a traditional construction context.

METHOD
To understand the connection between the acceptance and the innovation 
diffusion (i.e. the spread of a new idea or practice throughout a social system) 
and the need for value generation to create a lean prefabrication strategy, 
qualitative interviews with potential Swedish customers of the TVE building 
system was performed. The interviews both examined customers’ needs of a 
general building system (based on their traditional construction culture and 
construction peculiarities view points) and specific TVE prefabrication product 
offer attitudes and needs. Initially, 25 Swedish municipalities with a high 
growth were selected and 54 respondents contacted from municipality’s owned 
and private real-estate companies. The achieved response rate was 87%.  

7



Paper II 

Completing this, ten real-estate companies with specific experience of TVE 
prefabrication also participated in the study and the number of participants in 
the survey thus totaled 57. The purpose of these interviews was to compare the 
main survey with attitudes of customers with previous experience and 
knowledge of the building system to understand if the low acceptance level also 
is due to a loss of information distribution of the suppliers. The results from the 
customer survey were compared to the product- and process strategies found in 
the multiple case study with the total population of Swedish TVE 
manufacturers of commercial, multi-storey and multi-family houses (Höök and 
Stehn 2005). 

RESULTS

THE TVE PRODUCT OFFER

TVE prefabrication processes span from owned or purchased architectural and 
structural design to the manufacturing and delivery of highly customised 
turnkey houses or complete projects. Timber volume elements are 
manufactured with a repetitive production process in a controlled factory 
environment. A timber volume element is a closed three-dimensional structure 
built up by timber based structural elements, complete with technical 
installations and finishing. After the volumes have been finished in the factory 
they are transported to the construction site, assembled (mainly by the 
manufacturers own staff) into a complete house. Finally, depending on the 
material, the façade is finished in the factory (timber panels) or on-site 
(plastered), Figure 2. 

Figure 2: Manufacturing and assembly of volume elements to a finished house in TVE 
prefabrication 
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The main advantages of the building system, from the manufacturers’ point of 
view, are: 

High quality due to controlled factory production and experience 
feedback.

Risks such as moisture damage are decreased compared to traditional 
on-site construction as production is made in-doors and assembly and 
finishing of a house on-site only takes a couple of days.

Reduced lead times because of the factory production and cost control 
due to long-time supplier relations that bring value to a customer. 

Reduced house prices, if the project contains repetition effects (e.g. 
student dwellings projects). 

However, when projects are highly customized, the price is not always 
advantageous, but still equivalent to traditional on-site construction. TVE 
manufacturing is competitive when the whole building system – the whole 
product concept – is considered by customers. TVE manufacturers do not 
compete with highly technical solutions in their products, but with knowledge 
of component integration and the construction, and a total economical offer. 

The collected apprehension from the TVE manufacturers regarding potential 
customers is that they in general still are doubtful of TVE prefabrication 
because their knowledge of the system advantages and disadvantages is low. If 
the project has been designed by architects and consults without any knowledge 
of volume element prefabrication (as is usually the case), the TVE concept has 
difficulty in corresponding to the flexibility demands offered by traditional on-
site construction. Moreover, today’s clients do not seem to understand the 
construction process of the building system, where they in the early stages have 
to decide the complete design of the house, because late changes cause 
problems and additional costs in the factory production.  

CUSTOMERS GENERAL BUILDING SYSTEM NEEDS AND VIEW OF THE TVE
PRODUCT  

The results of the survey of potential TVE customers is presented as needs and 
requirements on a general building system together with apprehensions of the 
prefabricated TVE building system in Table 1. The percentages in the table 
show the response rate of potential customers (previous customers not 
included) within each area. Concerning a general building system, the research 
shows that the majority of the potential customers express a need to have own 
control of quality, costs and structural and architectural design. The mentioned 
need refers to the respondents’ wish to be able to control and influence the 
design of technical solutions as well as the contractors’ performance that, 
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according to the respondents, eventually influences quality and costs. By their 
experience, if this control is maintained it will with a higher possibility leads to 
the fulfilment of functional demands and to a high quality and long-term 
durability. The expressed needs, in column 1 of Table 1, all refers to the clients 
need for low, long-range dwelling administration costs. The respondents often 
mention the ignorance of contractors to address, or show solutions, aimed at 
producing long-term quality. A majority of the interviewed potential customers 
claim that they (personally or through consultants) have to control technical 
details and solutions, and that they reluctantly leave structural and architectural 
design to contractors. Except control, the results from the survey show that 
flexible design and convincing exterior and interior design are clear general 
building system needs. Flexible design refers to the call for a non-limited plan-
layout, and convincing design refers to the requirement for an exterior and 
interior design that could more clearly add value and variation to the 
customers’ end users, display high quality, or serve as a trademark for the real-
estate companies.  

Table 1: Building system needs, perceived advantages and disadvantages of TVE 
prefabrication and required information for customer acceptance 

Also shown in Table 1 (columns 2 and 3) are the results concerning the 
potential customers’ attitudes of TVE prefabrication. The general attitude is an 
uncertainty for timber and specifically that the system will fulfil functional 
demands (sound levels, moisture and fire protection). The building system is by 
a historical prejudice connected to a low quality, short-time durability, limited 
flexibility and an overall “low-quality-design” e.g. with visible volume joints. 
Several respondents express a similar opinion as: “I am positive to TVE 
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prefabrication, but only for small or detached houses”. When multi-storey 
housing is considered, the respondents articulate a more negative attitude, i.e. 
“timber is not fire resistant” or “the material is sensitive to moisture and cannot 
manage required sound levels”. The reported characteristics of TVE 
prefabrication are independent of the customers’ practical TVE prefabrication 
knowledge and thus show practical experiences as well as guesses and practical 
beliefs. However, 95% of customers with own practical experience positively 
perceive that it is possible to also manage functional demands for TVE multi-
storey houses. Customers with previous knowledge of the building system 
equalize TVE prefabrication to traditional on-site construction regarding 
fulfilment of functional demands, and also raise advantages as increased 
quality, time and cost efficiency and moisture protection for the building 
system. 

ANALYSIS AND DISCUSSION 
Improvements to increase efficiency and reduce costs in construction are 
requested by actors in the construction industry, but to obtain changes and 
innovations towards these goals, also other market needs have to be met to 
obtain value generation. Prefabrication and industrialised housing can meet the 
efficiency and cost reduction requirements trough the use of manufacturing like 
production, but this research claims that value generation is missing to obtain a 
lean prefabrication strategy. Swedish TVE prefabrication utilise factory 
production and thus reduce waste, and the survey shows that this is confirmed 
by previous customers. The study also confirms the needs for customisation, 
flexibility and convincing design found in literature (Vrijhoef and Koskela 
2005, Ballard 2005). However, these parameters are not enough to achieve the 
value generation that may lead to innovation diffusion and acceptance of a lean 
prefabrication strategy. Control, trust, information transfer and cost and time 
efficiency are parameters that also have to be met to obtain value generation 
according to this study. 

CONTROL OF DESIGN QUALITY AND COSTS

The need of control is connected to high quality, long-term durability and 
fulfilment of functional demands. The control is by potential customers argued 
to be needed to obtain long-term durability and fulfil functional demands as 
customers do not have trust in contractors. Traditional on-site construction 
entails perceived customer control of the process due to customers’ previous 
knowledge of on-site construction, and a process where the customer have a 
perceived control through well known contractual agreements and rules of the 
game with different actors in the construction process. However, the shown 
need of customer control contradicts the acceptance of a prefabricated system 
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delivery as TVE housing because the whole construction process is handled by 
one single building system supplier. Thus potential customers may experience 
lost control of the construction process when actor roles and the production 
process are changed by the prefabricated building system. Potential customers’ 
desire to personally contribute to the design to obtain trust to the product is not 
compatible with the TVE manufacturers desire to work out the product (the 
house) to fit into the production and the building system to obtain efficiency. 
Hence, a challenge for a lean prefabrication strategy is to make customers 
experience control of the product design and the production process to obtain 
value generation. 

TRUST AND INFORMATION TRANSFER

This research shows that potential customers do not trust the TVE product offer 
to meet expectations e.g. regarding functional demands, despite the fact that the 
building system today has already shown this. However, timber in Swedish 
housing has a long history and is influenced by governmental strategies that 
historical and up until 1994 has restricted the use of timber in multi-storey 
housing. The attitude of potential customers are coloured by these historical 
prejudices and lack of knowledge. Hence, except fulfilment of customer 
demands and needs, a prefabrication strategy also has to make customers 
perceive fulfilment of the demands. A prefabrication strategy thus also has to 
focus information transfer to obtain trust and the sense of control the customers 
ask for. This is confirmed by Saaksjarvi (2003) who suggest that new 
knowledge of specific innovations and products are needed in construction as 
the assumption of risk taking by potential adopters’ decreases with increased 
knowledge (Frambach, 1993; Meyers et al., 1999).

According to the customer survey, demonstration houses and study visits, 
together with technical and process descriptions are information sources that 
could enable acceptance of TVE prefabrication and “involve contractor 
dialogue” is also mentioned by respondents as an important building system 
need. The interpretation is that knowledge and trust seem to have to be created 
by the experience of individuals, without other intervening information 
channels. The importance of strategic alliances for innovation push in 
construction has been shown (Andersen et al, 2004) and some of the TVE 
manufacturers also cooperate closely with large contractors as an alternative 
way to render trust and information transfer between different projects. Hence, 
the TVE manufacturers may need an organisational or competence change to 
obtain a more lean prefabrication strategy. A possible example inspired by 
Lean thinking (Womack and Jones 2003) is for the manufacturers to provide a 
common working site for the manufacturer and the customer where customers 
and the manufacturer can cooperate. 
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INCREASED TIME AND COST EFFICIENCY 

Increased time and cost efficiency are requested in construction in general, but 
a contemporaneous control and demands for “unlimited” flexibility are the 
normal way of working. This investigation shows that these demands are contra 
productive for the TVE prefabrication and will lead to higher costs and longer 
lead times. The TVE prefabrication strategy is based on facilitating decreased 
costs and lead times. Customer control, i.e., customer involvement in product 
design, and flexibility are, however, the main internal problems for TVE 
prefabrication to obtain lower costs and shorter lead times. Lack of flexibility 
and convincing design are also seen as disadvantages of TVE prefabrication by 
potential customers. Results from this research also shows that TVE 
prefabrication is successful for student dwellings where the value for the real-
estate companies are pronounced to be decreased costs and short lead times, 
and where the demand for flexibility and special design do not have the same 
importance. Hence, if the TVE manufacturers are to obtain a more lean 
prefabrication strategy that considers customer demands, they have to develop 
their production process to become more flexible. 

CONCLUSIONS
Lean is about waste reduction and value generation. Prefabrication of houses 
reduces some of the peculiarities found in traditional on-site construction and 
thus reduces waste, but to obtain a lean prefabrication strategy also value 
generation formulated within the construction context has to be considered. 
Value for a customer is connected to the customers needs (conscious and 
perceived needs), in its turn connected to the social context, i.e., the culture of 
construction. Thus, to obtain value these needs have to be met, and by that, the 
traditional on-site type construction culture has to be considered to obtain lean 
prefabrication. Literature, empirically confirmed in this research, shows that 
increased time and cost efficiency, flexibility, customisation and convincing 
design are customer needs that have to be met to obtain value generation, but to 
obtain a lean prefabrication strategy also control, trust of contractor and 
product and information transfer have to be obtained to gain acceptance from 
the construction market according to this study. Trust and control of the 
product can e.g. be mediated by visible information to enable personal 
experienced knowledge via demonstration objects. Trust and control of the 
TVE manufacturer and information transfer can e.g. be increased through the 
use of strategic alliances and cooperation between manufacturer and customer.  

This research confirms the hypothesis that the low acceptance of the TVE 
system is due to the incomplete prefabrication strategy that needs a value 
creation formulated in a traditional construction context, and emphasizes the 
importance of a joint construction and manufacturing consideration to obtain 
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lean prefabrication. The challenge for and a necessity of lean prefabrication is 
thus to manage the construction - manufacturing interface to obtain both waste 
reduction and value generation. The results obtained in this study concerning 
perceived lack of fulfilment of functional demands that are connected to timber 
in multi-storey housing might also yield learning to more general construction 
areas. New building systems that utilise a prefabrication strategy that is deep 
rooted in historical knowledge and prejudices have probably to meet the similar 
customer needs as in this study to obtain perceived fulfilment of needs and to 
achieve lean prefabrication.
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Abstract
This paper deals with the applicability of lean principles and practices to 
industrialized housing in Sweden, taking the production culture into 
consideration. The factory production of industrialized housing shows apparent 
similarities to manufacturing, but areas related to fully integrated lean 
production practices, such as error proofing and standardized work floor and 
equipment maintenance, are scarce. Hence, applicability of lean principles and 
practices to industrialized housing production is clearly influenced by a 
production culture that has similarities to a traditional construction culture. 
Setting up industrialized housing production thus requires careful 
implementation of lean principles if workers from traditional building are 
moved into factories, and managers still adhere to the prevailing site-based 
production mentality. However, the influence of the traditional construction 
project culture is not solely a constraint; flexible teams that take their own 
responsibility are also important in a lean culture. Hence, retaining the 
construction mentality, context and way of working is central when discussing 
lean applicability of industrialized housing. 

Keywords
Lean Production, Lean Construction, Industrialized housing, Culture 

Introduction
In general, construction has shown a delay in developing towards higher 
productivity, quality and decreased costs compared to manufacturing (Winch, 
1998). Having verified the benefits of lean production in manufacturing, it is 
hypothesised that lean principles can be applied to any industry, including craft 
production sectors (Womack et al., 1990). Applications of lean principles to 
construction have also been found (e.g. Koskela, 2000; Howell, 1999), and 
successfully applied lean principles in construction are argued to improve the 
cost structure, value attitudes and delivery times (Diekmann et al, 2004). 
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However, applicability of lean principles requires a facilitating organizational 
culture and mentality (Motwani, 2003).
The discussion of possibilities and limitations on the applicability of lean to 
construction often takes its standpoint from a cultural perspective. The unique 
characteristics of the construction industry, related to the one-of-a-kindness of 
the project, the production set up, the construction site and the temporary 
organization (Vrijhoef and Koskela, 2005) are part of the deep-rooted 
construction project culture that has been put forward as a constraint when lean 
is applied in construction.
A number of studies have focused upon the influence of the construction 
industry culture on lean application in traditional construction projects (e.g. 
Chan and Tse, 2003). Studies with an attempt to measure the organizational 
culture of a company are few (e.g., Abuduh and Roza, 2006; Salem et al. 2006; 
Diekman et al. 2004) and deal with on-site, project orientated construction. Not 
enough have been made to understand the influence of culture on the 
applicability of lean principles to industrialized housing. Hence, the aim of this 
research is to:
Assess the applicability of lean production principles and practices, and the 
production culture in Swedish industrialized housing production. 

Lean principles in construction 

Construction - a project culture 
Project culture in a construction context has been defined as: “the shared 
values, basic assumptions and beliefs that the participants involved in a project 
hold that determine the way they process the project and the relationship with 
each other in the project environment” (Zuo and Zillante, 2005). A strong 
project culture remains unchanged even if people leave or join the project, and 
if anything does change, the behavior of the people is to change to match the 
culture. The characteristics of construction imply a project culture that is 
argued to complicate the adoption of new approaches such as lean principles 
(Low and Mok, 1999; Cox, 1996). From an organizational point of view, it is 
argued that the hindrances to applying lean principles are in part explained by 
the dynamic nature of construction with its constantly changing one-off 
relationships and in part due to the fact that construction contractors only 
control a small portion of the construction value stream (Diekman et al., 2004).
In general, the constructive culture in construction projects has often resulted in 
methods that actually meet customer demands, e.g. concerning flexibility of the 
product, though this culture brings about a limitation of knowledge and 
experience diffusion from one project to another (Dubois and Gadde, 2002). 
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The “problem-solving” mentality in construction projects does not allow 
current problems to be evaluated because it is an intrinsic part of the culture 
(Winch, 1998) and actors seem reluctant to change the traditional allocation of 
responsibilities and the traditional way of working (Bulhões et al., 2007; 
Bröchner et al., 2002). In construction, overcoming the mindset and “common 
sense” that exist appears to be a barrier towards change (Ward and McElwee, 
2007). It is important to recognize that implementing lean is argued to act as a 
catalyst to promote a cultural change (Kumaraswamy et al., 2002), but in 
construction the project culture seems unaffected by a lean implementation. 
The two main obstacles (both caused by the project culture) in applying lean 
principles to construction seem to be: 

Different types of variability (the range of possible outcomes of a given 
situation) causing uncertainties and instability in production 

The mentality of actors, e.g. reluctance to change 

Lean Construction – a project approach 
Much of the lean application in construction is concentrated in the Lean 
Construction (LC) concept. The production theory of LC is founded on the 
work of Lauri Koskela (e.g. Koskela, 2000), who introduced the 
Transformation-Flow-Value (TFV) that is influenced by and associated to 
diverse economic and management theories, such as Walras’s production 
function, the scientific management approach of Taylor, the quality movement 
originated by Shewhart, and the flow concept derived from Lean production 
and the Toyota Production System (TPS) (Winch, 2006). Even though the 
original lean approach developed in the TPS is also a collection of diverse 
management techniques, the LC concept is not a “direct” attempt at applying 
lean production principles and practices to construction. Instead, new tools are 
developed, e.g. the Last Planner System of production (Ballard and Howell, 
1998; Ballard 2000), and others are discussed and applied in construction , e.g. 
Line-of-Balance (LOB) scheduling (Kenley, 2005), and project management 
approaches such as Value Stream Mapping (Arbulu et al., 2003). These tools 
and approaches mainly cope with variability in an attempt to stabilize the 
construction workflow within the project environment. 
An ongoing academic debate within the LC community is to challenge the 
traditional understanding of projects based on theories of economics, and adopt 
project management based on theories of production (Koskela and Ballard, 
2006; Ballard and Howell, 2004). However, Pavez and Alarcon (2007) and 
Picchi and Granja (2004) argue that lean is implemented in the logic of 
projects, showing that most implementations within LC have been fragmented, 
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and have mainly focused on project performance improvement through the 
application of new tools and techniques in terms of project settings, such as 
flow, value, buffers, etc. 

Industrialized housing – a process approach 
The definition of industrialized housing followed in this paper is: “Production 
in a closed factory environment where only assembly is performed at the 
construction site, with one evident process owner and a clear product goal of 
repetition in housing design and production”. The empirical study is based on 
the complete number of Swedish companies using industrialized Timber 
Volume Element (TVE) housing production where about 80% of the work is 
completed off-site (Höök and Stehn, 2005). The production company embraces 
the whole construction process, from design to factory production of a 
complete house, see Figure 1.  

Figure 1: Production process of industrialized TVE housing from design to complete 
building

The house is produced as “ready-to-live” volumes (with integrated finishing, 
cabinets, electrical installations, etc.) that are transported to the construction 
site and assembled there into the complete house. This is clearly a process-
oriented factory production, and companies employing this approach have also 
displayed an increased control of the total construction value chain, a reduction 
of the workflow variability due to repetition in operations, and a stable and 
permanent work organization (Höök, 2005).
It is argued that housing construction offers the closest analogy to lean 
production and matches that of auto production (Barlow, 1999; Winch, 2003; 
Womack and Jones, 1996). However, there are limits to which manufacturing 
techniques derived from the car industry can be applied to housing 
construction. Two notable features separate the industrialized housing 
construction of today from manufacturing (also valid for on-site construction). 
The first is connected to customer relations. A customer requirement often 
found in housing projects is a demand for almost unlimited flexibility, a 
demand that often changes over time and between projects (Höök, 2006). This 
complicates the transfer of lean principles and practices to housing construction 
because the lean philosophy is about identifying a specific value and promoting 

4



Paper III 

flow based on a certain and known number of components. Adding this 
“constraint” to the many complex parts making up a house renders it difficult 
for industrialized housing companies to obtain leanness, unless the product and 
the working methods are heavily standardized. Fluctuations in customer 
demand, during and between projects, also add to this by unbalancing and 
destabilizing of the product pull. The second feature concerns supplier 
relations. Large manufacturers as well as Japanese house builders that have 
adopted lean have supplier systems based on a rational framework for 
determining costs, price, and profits where both parties can benefit from 
working in a cooperative relationship (Gann, 1996). Firms such as Toyota and 
Toyota homes are large enough to influence the strategies of suppliers, though 
this is often not the case with smaller industrialized housing companies. 

Lean process culture as an assessment framework 
The developed lean approach in the logic of projects in LC is not a functional 
theoretical ground for assessment of industrialized housing production where 
production is based on a repetitive process approach. Hence, lean production 
(LP) is chosen as a characterization of a process culture. The definition of 
culture followed in this paper is: “a pattern of shared basic assumptions that has 
been learnt whilst solving problems, that has worked well enough to be 
considered valid” (Schein, 2004). This implies that the culture of LP 
corresponds to assumptions and practices and production methods that are 
developed and considered to be valid for a process approach. Therefore, 
principles and practices supporting the LP culture are used as a bottom-up 
assessment framework for production culture and lean applicability in 
industrialized housing production. In creating a lean production system, and a 
true lean culture, the relationship between customer and supplier relations and 
the actual production system is crucial. Only factory production of 
industrialized housing is considered because it follows the “traditional” lean 
implementation strategy over time (Ballard and Kim, 2007) to start in the in-
house (factory) production system and thereafter extend to value-creating in the 
whole company and finally in the whole value chain, thus creating the lean 
enterprise, see Figure 2. 
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Figure 2: Traditional lean implementation strategy (inspired by Womack and Jones, 1996) 

In recent years, numerous articles focusing on the assessment and applicability 
of lean principles and practices in the manufacturing industry have been 
published. A review of manufacturing literature was performed to find the most 
commonly cited lean principles and practices that are used when applicability 
of lean principles is evaluated and assessed. A summary of the literature review 
is shown in Table 1.  

Table 1: Summary of literature review 
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All practices related to production flow were combined to the Just-in-
time/Levelled production principle. The meaning of this principle is that each 
process produces only what is needed, when it is needed in the amount needed, 
by the next process in a continuous flow. The principle of Built in 
quality/Continuous improvement includes practices related to preventing 
defects to proceed in the process, where the visualization of problems and 
error-proofing are essential ingredients. Practices related to motivation and 
empowerments were combined to form the principle of Involvement. The 
foundation in LP lies in creating Stability and standardization, a principle 
formed by the practices representing operational and human stability and 
reliability, i.e., operating as needed, with predictable outcomes. 

Table 2: Assessment framework based on literature review 

Assessment of culture in industrialized housing 
production
Following the definition of culture (related to practices and work routines), 
empirical data was collected to understand the practical work methods of TVE 
housing production. Characteristics for the four studied TVE housing 
companies are shown in Table 3, where the total number of employees and 
turnover for all production facilities of the specific companies are included.  
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Table 3: Company characteristics 

Data was gathered using a questionnaire, which was based on the assessment 
framework in Table 2, and designed around pairs of statements corresponding 
to the 17 practices. One statement describes the ideal state according to a lean 
culture while the other statement supports a corresponding, but opposite state. 
A five point Likert scale was used to measure the continuum of the agreement 
related to the opposing statements. The population of interest in the empirical 
study was Swedish industrialized TVE production facilities with housing 
production. This means that only one production facility from each company 
was included in the population of interest. Respondents were workers at the 
four TVE housing companies comprising in-company employees, such as sub-
contractors as electricians and painters that work in the production plants. The 
studied companies had no previous experience with lean or any lean 
implementation attempts at present, and the employees were not familiar with 
lean or manufacturing terms. Hence, the questionnaire was first tested on a 
small group of employees to assure that the questions were comprehensible. 
The questionnaire was personally distributed and supervised by the researcher 
and the number of completed questionnaires was 291, with 87 % response rate. 
Validation of the results was obtained through comparison to other studies of 
TVE housing production, i.e. the questionnaire was validated through 
triangulation. Data were screened for missing values and outliers and the 
requirements for normality and linearity were tested and confirmed. 
Statistically, the studied companies show small differences, which is why it is 
possible to generalize the results to industrialized TVE housing in Sweden. 
Data were screened for missing values and outliers and the requirements for 
normality and linearity were tested and confirmed. Statistically, the studied 
companies show small differences, which is why it is possible to generalize the 
results to industrialized TVE housing in Sweden.
Two methods were used to statistically analyse the questionnaire: measuring of 
mean values and a principal component analysis (PCA). The mean values were 
used because they tell something about the work methods and thus the 
production culture. A mean value of 3 for a practice means that there are parts 
of both a lean and a non-lean behaviour, and a value of 2 means that there are 
more parts related to the non-lean behaviour than related to the ideal lean state. 
The interpretation using the five point Likert scale without more precise 
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descriptions of the specific states (1 to 5) means that it is possible to compare 
the evaluated practices. The average score from the questionnaire was 
calculated for each of the 17 practices, see Table 4.

Table 4: Mean score for the 17 lean production practices 

Lean production practices Mean
Decentralized responsibility 3.45
Teamwork 3.28
Multifunctional workers 2.95
Response to defects 2.87
Set up times 2.84
Small lot sizing 2.83
Standardized work 2.80
Quality leadership 2.70
Visual information 2.70
Scheduling 2.68
Continuous improvement 2.62
Motivation 2.56
Waste 2.52
Work floor layout 2.51
Work floor maintenance 2.48
Error proofing 2.23
Maintenance of equipment and 2.15

The PCA was used due to its ability to analyze a set of variables and identify 
dimensions within the data that are latent. In this case the PCA was used to 
evaluate whether the grouping of principles and practices found in the literature 
(assessment framework in Table 2) is valid also in industrialized housing 
production. The 17 practices were entered for PCA with the used Varimax 
rotation to extract orthogonal components; 4 components and the 
corresponding PCA-based loadings obtained are shown in Table 5. The 
component loading represents the correlation between the original practice and 
its component. For a sample of over 200 respondents, a 0.05 significance level 
is obtained for loadings exceeding 0.40 (Hair et al., 2006). Loadings 
exceeding 0.50 are generally considered necessary for practical significance. 
The loadings of quality leadership and maintenance of equipment and tools are 
thus treated as low-correlating to the related extracted components. 
Component A is almost similar to the principle of Just-in-time/Continuous 
improvement in Table 2, despite the practice of the work floor layout that loads 
on Component D. Component A is therefore still interpreted simply as “Just-in-
time/Leveled production”. Practices with the highest correlation to Component 
B have special emphasis on the motivation practice which is why the 
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component is interpreted as “Motivation for BIQ and Continuous 
improvement”. Component C correlates to practices such as decentralized 
responsibility and standardized work and is logically named “Responsibility for 
standardization”. Finally, Component D correlates highly to practices related to 
work layout, maintenance and visibility, and is therefore named “Work floor 
order and visibility”.

Table 5: Naming of components derived in the principal component analysis 

Applicability of lean principles and practices 
The empirical result shows four new “principles” (components A to D in Table 
5) that are based on the respondents’ comprehension of the work routines. The 
difference between the new components B, C and D and the grouping in Table 
2 is important. For component B, the built-in-quality is apparently statistically 
related to whether the workers are motivated and organized towards error 
proofing and continuous improvement. A likely explanation is that the project 
culture sets the norm for the behaviour, highlighting the problem that workers 
do not take responsibility and managers do not support experience feedback 
and problem analysis. Increasing built-in-quality thus requires higher worker 
motivation, which is connected (albeit a weak connection) to quality leadership, 
meaning for example that leaders are often present or working in the production 
plant. Similar arguments, i.e., that the culture in a project or a business is often 
a reflection of leadership is found in Zuo and Zilante (2005).
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The practice of decentralization negatively loads on component C, indicating 
that any change or development in standardized work and maintenance of 
equipment and tools requires upper management and strategy changes because 
today the workers do not feel that they have the responsibility from the upper 
management to take measures when defects are detected. This observation 
implies that standardization can best be obtained if work methods are set up by 
management. Construction workers are probably used to ad hoc solutions 
where standardization is scarce and worker responsibility has to come from 
upper management. The need for a top-down management when lean principles 
are applied in industrialized housing is apparent. Other observations of a 
reluctance to change-mentality (Bröchner et al, 2002) and the necessity for a 
continuous improvement culture (Motwani, 2003) also point in this direction. 
The empirical evidence in Component D shows that the practice of work floor 
layout does not seem to be connected to the lean flow JIT-component, as in 
manufacturing related frameworks. Hence, production workers do not connect 
factory design and layout to flow. Component D further shows a connection 
between visual information (such as visual markings of where different 
equipment should be placed) and the work floor order and maintenance. This 
result relate to findings from Mann (2005), whose case studies have shown that 
visual controls and information are important enablers for disciplined focus and
adherence to a lean culture. 

Production culture in industrialized housing 
The mean values of the assessed lean practices are generally low in the studied 
industrialized housing companies. Table 4 shows mean scores for the practices 
between 2.15 and 3.45 (on the five point scale), indicating a production culture 
where only elements of a lean process culture are found. Table 6 shows mean 
values for the practices with the lowest values together with the statements 
related to the specific practices. 
Maintenance of equipment and tools has the lowest rating, relating to a 
traditional construction project culture where standardized maintenance of 
equipment and tools is not very common, and where tools are used until they 
are broken. If no spare tools are available the task waits until a new tool is 
ordered and delivered, an aspect considered the “normal feature of the 
business” as stated by Vrijhoef and Koskela (2000). The second lowest rating 
in Table 4 concerns the practice of error proofing. Error proofing on a 
production worker level means that problems are analyzed and solved to not 
arise again, followed by notifying others. This low rating is related to and 
explained by the construction project culture where knowledge and experience 
diffusion from one project to another is limited (Dubois and Gadde, 2002). The 
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low rating of work floor maintenance and layout practices adds to the 
discussion of construction mentality and project culture.

Table 6: Mean values and description of statements for practices 

The workers answering the questionnaire only reflect the culture they belong to 
and it is apparent that project culture still very much influences factory 
production. The industrial TVE housing production culture is characterized by 
(show the highest mean values for) decentralized responsibility, high response 
to defects, team work and multifunctional workers, implying employees that 
work in flexible teams that take responsibility for their own tasks. We also see 
this as a clear indicator of a pronounced problem-solving mentality and culture. 
A culture also found in on-site construction projects, where building workers 
are expected to work in teams that are responsible for understanding design 
drawings, performed tasks, etc. Together with the low rating of the practice of 
error proofing, the high response to defects emphasizes a problem-solving 
culture, where problems are solved, but not further analyzed and spread to 
others.
The results found are clearly connected to earlier studies of Swedish 
industrialized TVE housing (e.g. Höök and Stehn, 2005), where problem areas 
such as the lack of factory layouts were indicated. A PCA does not show 
evidence of causality per se, and mean values only indicate a relationship, but 
the shown similarity in results to other studies validates the merit of the results 
in this study. 
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Conclusions
It is argued that lean principles can be applied to any business, though its 
application to construction has met with constraints, such as different types of 
variability and the mentality of construction actors, as compared to the 
manufacturing industry. Elements of a lean process culture, such as control of 
the total construction value chain, a stable and permanent work organization, 
repetition in operations and flexible workers that take their own responsibility, 
can be found in industrialized housing production. However, it is shown that 
the production culture in Swedish industrialized housing production still relies 
on, and is characterized by, a traditional construction project culture. The 
influence of the construction project culture implies: 

Low worker motivation and awareness of built-in-quality, continuous 
improvement and flow. 

Problems that appear are solved but are seldom thoroughly analyzed, and 
with restricted experience diffusion. 

Ad hoc solutions and a low responsibility for maintenance of equipment, 
tools, work floor and work floor layout. 

It is apparent that the applicability of lean principles and practices to 
industrialized housing is influenced by, and meets the same type of difficulties, 
as on-site construction, i.e., the hard-to-change project culture and mentality of 
workers and managers. Development and change towards a lean production 
culture in Swedish industrialized housing requires: 

Increased worker motivation and responsibility for flow, built-in-quality 
and continuous improvement, through a leadership that guide and 
motivate workers. 

Standardization of work, work floor layout and maintenance of 
equipment and work floor, to obtain flow in production, measurable 
quality and improvements, and increased worker motivation. 

It is shown that these requirements are clearly connected to management that is 
conceived from the upper organization. However, workers in industrialized 
housing have to be able to try new (lean) working methods because they will 
reevaluate assumptions if specific working methods work well enough to be 
considered valid. Hence, a change in culture, that facilitates a lean application 
in industrialized housing, requires understanding from upper organization of 
the importance of clear strategies, and the change power of workers. 
There are also elements originating in the construction project culture, such as 
flexible teams that take their own responsibility, that are also important in a 
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lean process culture. Awareness and exploitation of this already natural part of 
the production culture is central when discussing the applicability of lean 
principles in industrialized housing. 
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Lean principles in industrialized housing production: 
the need for a cultural change 

Matilda Höök1 and Lars Stehn2

Abstract
The deep-rooted project culture in construction (e.g. including the one-of-a-
kindness of the project, the production set up, the construction site and the 
temporary organization) is stated to be a hindrance when applying lean principles. 
However, the biggest challenge to achieving a long-term benefit of lean 
application in industrialized housing production (80 % of the work in a factory 
environment) is here argued to be the lack of a lean culture. The aim of this paper 
is therefore to deepen the understanding of how to approach a lean culture in 
industrialized housing production. This study shows that industrialized housing 
production displays a project-based culture similar to that found in on-site 
construction with low motivation for, e.g., error-proofing and continuous 
improvement.

Lean Construction research has traditionally (up to now) focused on a top-down 
(project performance) tool approach to improve construction projects. However, 
based on theoretical and empirical proofs, this research propose a simultaneous 
top-down/bottom-up (person focused) approach to achieve a lean culture in 
industrialized housing production. The study suggests the lean 5S tool as one 
demonstrator of a contemporaneous person-focused and project performance 
improvement tool towards a lean culture. 

Keywords: Lean principles, Lean application, Culture, Industrialized housing 

Introduction
Construction is a project-based industry where its unique characteristics are 
related to the one-of-a-kindness of the project, the production set up, the 
construction site and the temporary organization (Vrijhoef and Koskela 2005). 
These characteristics are part of the deep-rooted construction culture that has 
been put forward as a constraint when lean is applied in construction. It is also 
argued that in a lean application (aiming for improvement from a long-term view) 
a change is needed towards a lean culture (e.g. Liker 2004). A number of studies 
have focused upon the influence of the construction culture on lean application 
(e.g. Chan and Tse 2003). Not enough has been made to understand how the 
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construction culture influence industrialized housing, and how to specifically 
approach a lean culture in industrialized housing production.  

The construction sector is separated into different subdivisions, each with 
different characteristics. Sanchez and Perez (2001) argue that a lean application 
should be based on and adapted to a specific production context (however this 
paper argues, as a hypothesis without any analysis at this moment, that the whole 
construction sector is founded on a general construction culture independent of 
specific characteristic in product, market and production settings). In this 
research the focus is on the application of lean principles in one of these 
subdivisions - Swedish industrialized housing production where complete and 
ready-to-live houses are produced off-site in a factory. We argue that to apply 
lean principles in industrialized housing it is necessary to explore how to move 
from a traditional construction culture towards a lean culture. 

Lean culture 
Culture is a concept that generally refers to “the way things are done around 
here”, and a culture approach is argued to increase the understanding of an 
organization both from a philosophic and practical view point (Pepper 1995). A 
more precise definition of culture is that by Schein (2004) who define culture in a 
development context, meaning that culture is: 

”a pattern of shared basic assumptions that has been learnt whilst solving 
problems, that has worked well enough to be considered valid, and therefore, to 
be taught to new members as the correct way to perceive, think, and feel in 
relation to those problems” 

A lean culture relate to this definition because the concept of lean has developed 
through the years and is now considered to be valid for structuring and 
development of organizations.  Liker (2004), among others, asserts that many 
manufacturing companies have implemented lean processes, techniques or tools, 
but without creating the underlying lean mind and culture. Bicheno (2004) give an 
explanation of what lean is and emphasize that the customer focus principle in 
lean is accomplished by creating thinking peoples, workplaces and organizations 
that are more human. Reduction of waste, that is a common principle in the lean 
concept, is thus not emphasized per se, but waste is reduced to improve customer 
benefits. Hence, without a common focus on the customer by using lean principles 
and practices, improved profits and performance from a long-term strategy can 
not be achieved. Veech (2004) claim a similar view and argues that there is a 
difference between lean organizations and conventional organizations doing lean 
things, as one explanation why some companies fail in applying lean. The 
difference lies in the way the company treats its workers. A conventional 
organization focuses on getting things from the employees, e.g. improved 
productivity, ideas and work and Veech (2004) states that:  

“Focus on the people and the results will follow. Focus on the results, and you’ll 
have the same troubles as everyone else – poor follow-up, lack of interest, no 
ownership of improvements, diminishing productivity.” 
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Mann (2005) presents the same argument, claiming that managers must balance 
their habitual focus on results and production performance to a different and less 
obvious process focus including discipline, and daily practices that grow to 
become habitual. The key word is that it is not enough to just apply a lean 
principle or tool without a contemporaneous strive for a lean culture and a 
balanced whole system view emphasizing improved performance through a focus 
on the customer. We also find it clear that personal focus, involvement and 
motivation are imperative when applying lean principles. In this respect, lean 
principles and practices can be seen as facilitators to both individual goals, such 
as self-realization and confirmation, together with improved business 
performance.  

Principles and practices representing a lean culture 

Hofstede (2005) emphasize that organizational culture is mostly influenced by 
practices used by the employees. Hence, to understand a lean culture in this 
context, it is imperative to understand principles and practices of lean. The most 
frequently cited definition of lean principles found in the literature is that of 
Womack et al. (1996); Specify value, Identify the value stream for each product,
Make the product flow without interruptions, Let the customer pull value from 
the producer and Pursue perfection. According to Womack et al. (1996), the five 
lean principles can be implemented in any business. This argument is plausible 
because these principles are obviously specified on a philosophic level, and are 
thus possible to vary and apply within different business contexts. However, 
Womack et al. (1996) have chosen to define lean through the five principles 
without specifically emphasizing the focus of individuals and their creativity. 
Instead, the focus is on the goal of satisfying the end customer and promoting an 
effective flow, i.e. the focus is on production performance. Although the person 
focus is found in Womack et al. (1996), we notice a lack of pronounced person 
focus in the five lean principles. This might be a misleading focus because a focus 
on individuals is an essential part of a lean culture; hence, it should be found in 
every attempt to apply lean to a business. 

“The house of lean production” is a recognizable symbol and a visual model of 
lean that includes both the goal of the production performance and the person 
focused approach of involvement. However, different versions of the model 
including different principles and practices are found (e.g. in Liker 2004 and 
Dennis 2002). Hence, a review of manufacturing literature was performed to find 
the most commonly cited lean principles and practices that are used when the 
application of lean principles is evaluated and assessed. 13 articles were used 
(e.g. Shah and Ward 2003, Soriano-Meier and Forrester 2002), and from the 
review, six lean production principles and 17 corresponding practices crystallized, 
and these were fitted to our view of the house of lean production, Figure 1, that 
incorporates the six principles:

Just-in-time (JIT) 

Levelled production 

Built-in-quality
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Continuous improvement 

Involvement

Stability and standardization.   

The found related lean practices that were chosen from literature only refer to 
the in-house production and thus leave aside customer and supplier relationships, 
because the focus in this research is industrialized housing factory production. 
The rationale for demarcating this research to only consider factory production is 
because it follows the “traditional” lean implementation strategy (Ballard and 
Kim, 2007) to start in the in-house (factory) production system and thereafter 
extend to value creating activities among suppliers and customers.

Figure 1: The house of lean production, representing a lean culture in industrialized 
factory production 

Lean approach in construction 
Most lean application in construction is concentrated in the Lean Construction (LC) 
concept. The academic debate in LC is to challenge the traditional understanding 
of projects based on theories of economics, and adopt project management based 
on theories of production (Koskela and Ballard 2006, Ballard and Howell 2004). 
Picchi and Granja (2004) have employed an inductive approach analyzing work 
performed in the LC field. By summarizing examples of lean tools used on job 
sites, Picchi and Granja identified three lean implementation scenarios: 

Scenario 1: Fragmented tools application 
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Scenario 2: Integrated job site application 

Scenario 3: Lean enterprise application 

Picchi and Granja (2004) argue that the construction industry is found in the first 
scenario, where the focus is on applying specific tools to specific projects. That 
lean is implemented in the logic of projects is also argued by Pavez and Alarcon 
(2007) showing that most implementations in construction have been fragmented, 
and have mainly focused on project performance improvement through the 
application of new tools and techniques in terms of project settings, such as flow, 
value, buffers, etc. Hence, the path followed within LC can best be described by a 
top-down (project performance) approach. This means an approach that is based 
on a whole system view (which indeed is a lean approach), but where the focus on 
individuals and peoples are subordinated. However, we argue that the basis of a 
lean approach (striving for long-term improvements) is met by achieving a lean 
culture. Our hypothesis is that long-term improvements, customer focus and 
improved performance are best achieved via a simultaneously top-down/bottom-
up approach. A bottom-up (person focused) approach implies workers using 
specific working routines that form the culture and that promote the whole 
organization towards customer focus and the goal of project performance, Figure 
2. A contemporaneous lean approach thus implies top management that sets the 
lean strategy of project performance through the common focus on customers. 
Without a common goal of focus on the customer, improved profits from a long-
term strategy can not be achieved. The change in culture then facilitates the 
parallel (top-down) strive for project performance through different lean tools 
that improve how the traditional things are done through a step-by-step 
implementation.

Figure 2: A contemporaneous top-down/bottom-up approach 

Is there at lack of a bottom-up (person focused) approach in construction? Pavez
and Alarcon (2007) and Green (2000) identify a theoretical lack of human, 
organizational and cultural issues in LC research. Contrarily, Alves and Tsao (2007) 
question the argumentation of a cultural lack. Their summary of major research 
areas in LC from 2000 to 2006, based on “keywords”, indicates that “culture and 
human aspects” are among the top ten categories found in LC research. Thus, two 
different viewpoints exist. There is either a lack of human and cultural issues in 
LC as stated by Pavez and Alarcon (2007), or there actually is one of the top 
categories in LC as stated by Alves and Tsao (2007). To clarify this discrepancy, 
we reviewed papers presented within the International Group of Lean 
Construction (IGLC) annual conferences from 1996 to 2007. From this review, a 
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clear trend was discerned with an increase in discussions about cultural issues and 
human aspects on lean application in construction during recent years (from 13% 
for 1996 to 2001 up to 29% for 2002 to 2007).

Hence, there is an ongoing and expanding understanding of the need for an 
increased person focus in LC related research. We argue that the person focus is 
an important part of a lean culture, and it is the authors belief that this is a 
deficient part that can and should, along with the “peculiarities of construction” 
(one-of-a-kindness, on-site construction and the temporary organization), be used 
as an intrinsic constraint when adopting and applying lean in construction.  

Evaluation of lean approach in industrialized housing 
Swedish industrialized housing production (off-site prefabrication) was empirically 
evaluated regarding the present production culture and the need for a 
simultaneous top-down (project performance)/bottom-up (person focused) 
cultural change for a long-term lean application. Industrialized housing is a 
division of the Swedish construction sector. 

Swedish industrialized housing 
Industrialized housing production generally combines different levels of on-site 
and off-site activities. Three types can be distinguished; off-site prefabrication of 
materials and parts, prefabrication of components and subassemblies, and 80% of 
the work is completed off-site in a factory environment (Gibb, 2001; Gann, 1996; 
Höök and Stehn, 2005). The third type of industrialized housing construction is 
treated in this paper. The empirical study is based on the complete number of 
Swedish companies using industrialized Timber Volume Element (TVE) housing 
production, where in a factory, a TVE is a closed three-dimensional structure built 
up with components and subassemblies to floor, roof and wall elements and 
completed with electrical installations, flooring, cabinets, wardrobes, finishing 
etc. The volumes are transported to the construction site and assembled by the 
company’s personnel into a complete structure, Figure 3.

Figure 3: Industrialized TVE housing production 
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Evaluation from a lean culture perspective 

To provide an understanding of the present production culture in industrialized 
housing the practical working methods were evaluated from a bottom-up 
perspective. This perspective starts from a detailed understanding of the 
fundamental practices and processes of the production system. The evaluation 
was achieved through a questionnaire primarily based on the 17 practices found in 
literature as the most commonly used in implementation attempts. The 
questionnaire was designed around pairs of statements corresponding to the 17 
lean production practices, Table 1.  

Table 1: Practices facilitating a lean culture from a bottom-up view 

An example from one of the evaluated practices in the questionnaire is shown in 
Figure 4. The statement to the left describes a practice not supporting a lean 
culture, while to the right is a practice supporting a corresponding lean culture. A 
five-point Likert scale was used.  

Figure 4: Design of the questionnaire 

First the questionnaire was tested on a small group of employees to assure that 
the questions were comprehensible, because the studied companies have not any 
history of using lean or any lean implementation intention at present. Hence, the 
employees were not familiar with lean and manufacturing terms. The 
questionnaire was distributed among the production employees in the TVE 
prefabrication companies. The response rate was almost 100% due to the 
researchers’ personal presence and delivery of the questionnaire, and totalled 291 
completed questionnaires. The data was screened for missing values and outliers 
and entered for statistical analysis. The analysis showed that the employees’ at all 
companies had apprehended the questions in the same manner. The average score 
from the questionnaire was calculated for each of the 17 practices, Figure 5. 

7



Paper IV 

Figure 5: Average score for the 17 practices 

The 17 practices were also entered for Principal Component Analysis (PCA), and 
the purpose of the PCA was to compare the current behaviour in the production of 
industrialized housing to the lean culture as defined by the structure of the lean 
principles and practices found in literature, Figure 1. Varimax rotation was used 
to extract orthogonal components and 4 components and the corresponding PCA-
based loadings obtained are shown in Table 2.  

Table 2: PCA with naming of extracted components 
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The components A-D are highly interrelated and assumed to represent dimensions 
within the data. The naming/labelling of the components is dependent on their 
corresponding practices. 

The results from the questionnaire show that the practices with the lowest 
average score (i.e. practices indicating the lowest relation to a lean culture as 
shown in Figure 5) are correlated to the extracted component “Work floor order 
and visibility” in Table 2. Therefore, the practices of this component were further 
evaluated to deepen the understanding of the present production culture, and to 
validate the questionnaire regarding the area that seem to be most important to 
improve if the aim is to reach a lean culture. A case study was undertaken at one 
of the four studied TVE companies. The case study involved study visits at the 
production facility and personal interviews with production employees, production 
management and top management. The three practices related to component D in 
Table 2 were guiding the interviewing. The results from the case study are 
provided in Table 3. 

Table 3: Result from the case study 

There are established factory 
layouts for how and where 
material and equipment should 
be stored, but these are 
seldom in accordance with the 
reality on the work floor. 

Different materials are placed 
in front of each other so that it 
is impossible to see and reach 
any material in the back, and if 
they need to be reached, 
something else has to be 
moved first.

There are equipment and 
material that are not used 
every day or even at all. 

Different items such as screws 
and nails are mixed without 
any settled order on wagons. 
Screws are not taken out of 
the packaging, making it hard 
for the worker to see the right 
screw or nail to use. 

Wagons for material 
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There are continuous cleaning 
routines, where cleaning once 
a week has been decided, but 
the responsibility areas for 
cleaning are not settled and 
the practice is that everyone 
cleans after themselves. 

Lack of settled responsibility 
for standardized cleaning 
results in material waste and 
rubbish that may remain lying 
beside a work station.  

A frequent argument from 
workers when cleaning is 
discussed: “Should we clean or 
produce?” 

Material without any natural or 
settled repository is placed on 
the first empty place found 
near to a work station. 

Material wastage 

Material wastage beside workstations 

Generally, there are no 
markings or visual signs for 
where material or equipment 
should be placed and stored. 

Visual markings for storage 
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There are however some 
examples of shelves and 
places for material that are 
marked, and where material 
and equipment are always 
found on the right and 
decided place. 

Visual markings for storage 

The need for a person focused approach 
The analysis is based on the questionnaire (PCA and Figure 5) and the case study 
(Table 3). The rating scores from the questionnaire illustrate that only part of a 
lean culture is achieved in the daily working routines concerning the work floor 
order.  From Figure 5 it is evident that the practices work floor maintenance and 
work floor layout received the lowest ratings. The same result is found in the case 
study, where it shows that the workplace has settled factory layouts, though they 
are seldom used and production workers place material wherever they find it 
easiest at that moment. The case study further shows certain cleaning routines, 
but because of insufficient strategies and unspoken responsibility areas, piles of 
material waste are often found beside work stations. Generally, the visibility in 
the studied factory seems low, but there are also some examples of visual 
markings for material and equipment in the studied production facility, see Table 
3.

The question “Should we clean or produce?” from workers also implies an almost 
reluctant culture towards cleaning and order. Still, workers only mirror what 
seems to be an unspoken upper management strategy for a high production pace 
ahead of work floor order and visibility. The culture or worker behaviour in 
industrialized housing is therefore connected to the arguments by Mann (2005), 
Veech (2004) and Eton and Carpenter (2000), saying that a focus on results will 
result in problems related to lack of interest from workers and a diminishing 
productivity. This relates to the PCA in Table 2, which shows that built-in-quality 
is apparently statistically related to whether the workers are motivated and 
organized towards error proofing and continuous improvement. Increasing built-in-
quality in industrialized housing thus requires higher worker motivation, as 
connected to component B (albeit a weak connection) to quality leadership, e.g. 
meaning that leaders often are seen and working in the production plant. The low 
rating of error proofing in the questionnaire highlights the problem of workers not 
taking responsibility and managers who do not support experience feedback and 
problem analysis. This corresponds to arguments that the culture in a project or a 
business is often a reflection of the leadership and organizational structure (Zuo 
and Zilante 2005). The practice of decentralization negatively loads on component 
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C, i.e. an increase in the standardization of work and equipment maintenance is 
achieved when the workers’ responsibility is decreased. Hence, this observation 
implies that standardization can best be obtained if work methods, at least in the 
beginning, are set up by management. This is an empirical proof for the need of a 
top-down approach to bring about a strategy or a culture. Component D in the 
PCA adds to the discussion about the connection between visual information (such 
as visual markings of where different equipment should be placed) and the work 
floor order and maintenance. These results relate to findings from Mann (2005), 
whose case studies have shown that visual controls and information are important 
enablers for disciplined focus and adherence to a lean culture. The empirical 
result of industrialized housing production thus calls for both a top-down approach 
(clear lean strategy from upper management) and a bottom-up approach together 
(tools or methods such as visualisation that both motivate employees and attain 
the performance goal).  

Can the empirical results be used to confirm the hypothesis in the introduction? In 
general, a similar construction culture is found in industrialized housing (despite 
manufacturing likeness) as in construction. Indeed industrialized housing shows 
the highest loadings for the practices decentralized responsibility, teamwork, 
multifunctional teams and response to defects, and the lowest ratings for error 
proofing and practices related to work floor order and visibility. This illustrates a 
culture (also found in traditional on-site construction projects) where employees 
working in flexible teams take responsibility for their own tasks, where problems 
are solved, but where the experience diffusion is limited. The results herein 
support the trend in LC to study the culture and propose methods to improve 
performance to also incorporate the development of tools step-by-step with a 
contemporaneous purpose of changing culture and improving performance. 
However, the generalization between industrialized housing production and 
construction in general is not clear. Industrialized housing started on a larger 
scale 15 years ago. What is evident is that they only moved the housing production 
indoors – into a factory, and still they have a production culture with large 
similarities to a traditional construction culture. However, we acknowledge that 
the shown need for focus of the culture and peoples to achieve development 
might not have the same importance in constructing in general. 

5S as a change demonstrator in industrialized housing 
The 5S tool is presented herein as a demonstrator of a lean tool with a top-
down/bottom-up approach, however not as a fragmented tool approach, but with 
the meaning of explaining the system view and the philosophy for workers. In this 
way tools are used to serve as agents to change the direction of thinking. 
Manufacturing based research, and research within LC (Ballard, 2007), considers 
the 5S tool as an early critical component to start with when lean principles are 
implemented. The 5S tool has been applied in construction (e.g. Delgado-
Hernandez and Aspinwoll, 2005; Salem et al. 2005), though with a focus on 
cleaning and structuring and not based on its cultural change potential. 5S 
practitioners not only consider the tool useful for improving the environment, but 
also for improving thinking processes (Ho, 1999) and helping to achieve change in 
the attitudes of people to quality, as well as being an essential step for 
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introducing more wide-spread changes (Hirano 1990). An explanation to the 5S 
tool as a change agent is that the tool has the direct purpose of “cleaning” the 
work place. The indirect purpose, but likewise the most important, is to work on 
standardization and employee involvement by making the work place a better 
place for workers which in turn create thinking peoples and in the end customer 
benefits, and improved performance and profit. 

The results from the study show the need for an increased employee motivation in 
built-in-quality and work floor maintenance to approach a lean culture where 
upper management changes and visual information are important. These needs 
correspond to the direct and underlying attempts of a 5S implementation; hence 
the use of the 5S tool is the best way to start when lean is implemented in 
industrialized housing production. The motives for the 5S tool as a demonstrator 
for a contemporaneous top-down/bottom-up tool could also be of importance 
when tools are developed for construction in general.  

Conclusions 
To achieve long-term benefits of a lean application in industrialized housing 
production, there is a need for a cultural change from the deep-rooted 
construction culture towards a lean culture. A focus on individuals is an essential 
part of achieving a lean culture, and there is also an ongoing and expanding 
understanding of the need for an increased person focus in lean construction 
related research. To achieve a long-term lean application in industrialized housing 
production, empirical evidence from this study shows the necessity to adopt a 
contemporaneous top-down and bottom-up approach. This approach implies a 
clear lean strategy from top management, together with practices and tools that 
are diffused to workers step-by-step to achieve the strategy and an increased 
production performance. The bottom-up approach specifically means that tools 
and techniques motivate workers towards a lean behaviour and mind. Hence, the 
purposed approach has a system view because the lean tools show the direction 
for worker towards a lean culture. A lean culture can not merely be obtained by 
management that proposes a strategy. Instead a culture is achieved when peoples 
find a strategy (or principles, practices and tools) to be working. 
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AI. RESEARCH DESIGN OF MULTIPLE CASE 
STUDY 

A1.1 Data collection and analysis of data 

The interview questions were low structured so that respondents had the 
possibility to answer questions within the areas of interest relatively free. All 
interviews were tape recorded to allow for direct follow up questions from the 
researcher. The interview guide for the study is outlined in Table A1. 

Table A1: Interview guide for multiple case study 



AI. Research design of multiple case study 

To obtain results from case studies and address the initial propositions of the 
study, the investigator has to examine, categorize, tabulate or in some other way 
recombine the collected data (Yin, 1994). To generate meaning in the case 
studies, recorded interviews were transcribed. The printed interviews were first 
pattern-coded into themes through keywords and underlining of sentences or 
words. The questions in the interviews were clustered according to the themes. 
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AII. RESEARCH DESIGN OF CUSTOMER SURVEY 

A2.1 Data collection 

The design of a survey has to consider two aspects, i.e., the degree of 
standardisation and the degree of structure. Standardiztion considers how much 
responsibility that is given to the interviewer when questions are formulated and 
when the order of the questions is outlined. The degree of structuring considers 
to what extent the respondent is free to interpret, depending on the 
respondents’ attitudes and prior experiences (Patel and Davidson, 1994). Hence, 
the research questions in the survey were standardized to obtain comparable 
results from the interviews. The degree of structure was low because of the 
importance to collect the different views of potential customers of TVE housing 
product compared to a general building system, without the researchers’ 
involvement in answer alternatives. 

Understanding of the general building system needs and attitudes of customers 
towards TVE prefabrication was obtained through the survey with structured 
questions divided into two parts.  The first part only dealt with questions of a 
general building system without the respondents’ awareness of TVE 
prefabrication. In the second part, the respondents were informed about TVE 
prefabrication, and questions about the specific building system were asked. The 
interview guides were slightly different for potential customers compared to the 
one used for prior customers. The interview guides are shown in Table A2.



AII. Research design of customer survey 

Table A2: Interview guides for customer survey 

Customer survey – potential customers 

Tendering, new projects 
1. What policy or method is used at tendering of new projects?
2. How do you feel, generally, for giving a complete undertaking responsibility to 

a contractor that take responsibility from design to complete house? 

Building system 

The meaning of a building system is e.g. traditional on-site construction or 
prefabrication

3. What are your principal needs and expectations on a building system? 

4. What type of building system are you most familiar with?

5. What do you need to feel confident with a new and untried building system? 

Timber Volume Element housing 

6. Do you know what timber volume element housing is? 

7. Have you been in contact with, or worked with timber volume element 
housing?

8. What is your definition of volume element housing with timber as the frame 
material?

9. What is your alignment to the timber volume element concept (advantages 
and disadvantages) 

10. Do you feel that your principal needs related to a building system are 
satisfied by the timber volume element concept?

11. What do you demand of timber volume element housing to choose the 
building system? 

12. What type of information do you need to choose timber volume element 
housing?
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Customer survey – prior customers 

Tendering, new projects 
1. What policy or method is used at tendering of new projects?
2. How do you feel, generally, for giving a complete undertaking responsibility to 

a contractor that take responsibility from design to complete house? 

Building system 

The meaning of a building system is e.g. traditional on-site construction or 
prefabrication

3. What are your principal needs and expectations on a building system? 

4. What type of building system are you most familiar with?

5. What do you need to feel confident with a new and untried building system?

Timber Volume Element housing 

6. What is your alignment to the timber volume element concept (advantages 
and disadvantages) 

7. Do you feel that your principal needs related to a building system are 
satisfied by the timber volume element concept?

8. What is needed by the timber volume element housing concept for a client to 
choose the system? 

9. What was the reason for your choice of the timber volume element housing 
system?

10. What type of information do you need to choose timber volume element 
housing?

A2.2 Analysis of data 

The customer survey interviews were analysed as for the case studies, i.e. with 
pattern-coding and clustering into themes. Although the purpose was not to 
calculate the mean or distribution, but to describe the attitudes to TVE 
prefabrication of potential customers, and be able to compare the customers’ 
perception with the manufacturers’ perception, the rate of answers of each item 
and each alternative were counted on a rating scale. All areas were compared 
and analysed towards the findings in the multiple cases study and the focus 
group surveys. Responses from potential customers were also compared to those 
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from prior customers. The survey was not analyzed statistically because of its 
comprehensive and qualitative results. Instead of a survey comprising several 
potential customers, personal interviews with some chosen respondents could 
have been performed. Choosing this research method could have deepened the 
understanding of the attitudes of potential customers towards the TVE buildings 
system, but the chosen surveys gained a higher generalization because potential 
customers from the whole country were selected. 
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AIII. RESEARCH DESIGN OF PRODUCTION 
QUESTIONNAIRE 

A3.1 Data collection and instrumentation 

Referring to the prerequisites of a survey in chapter A2.1, the production 
questionnaire was both highly standardized and structured, to obtain comparable 
results both between employees and between the four production plants. Before 
the actual questionnaire was distributed to the respondents the questions were 
pre-tested by a group of employees and adjustments were made where it was 
found to be essential. The complete questionnaire is outlined in Table A3. 

The questionnaire was personally distributed to the employees during a break 
from the ordinary work. Each production plant was visited and the employees at 
each production plant were gathered in the same room for information about 
the questionnaire, and then to fill out the questionnaire. My presence at the 
time of the responding obtained that the respondents could ask questions about 
the questionnaire whenever they needed. Due to the personal visit and delivery 
of the questionnaire to the employees, a response rate of almost 100 % was 
obtained. All present employees at the four production plants answered the 
questionnaire, but 1.7 % of the responded questionnaires were impossible to use 
due their total incompleteness. The number of completed questionnaires totaled 
291.

Within the population of interest all respondents were chosen. The rationale for 
this was that the population of interest is limited, and easy to come in contact 
with. Hence, choosing the complete population was easier than randomly 
finding a specific group of respondents that would represent the population at 
each company. There might be a risk in choosing a whole population if the data 
sample is too extensive. In this case the population was manageable and it was 
rather an advantage to include all respondents in the population. 
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Table A3: Production questionnaire. 
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A3.2 Analysis of data 

A3.2.1 Preparing the data for analysis 

Missing data, and “do not know”- answers were found in the complete sample, 
but these missing data were randomly found throughout the sample, and the 
missing data within one variable did not exceed 10%. Missing data can be 
ignored or just be taken away through a deletion of the respondents where the 
missing data is found, if the missing data’s do not include more than 10% 
missing data within one variable. However, for the question/variable “set ups” 
the missing values were found to be 19%. The reason to the many missing data-
values in this variable is probably that the respondents have not understood the 
question and have left it unanswered. However, an overall test of randomness 
between the responses with missing data compared to responses without missing 
data showed that there was no significant difference between the two. It was 
also shown that there was no difference in missing data related to respondents 
belonging to different production plants or between in-company employees or 
sub-contractors. Hence, the missing data within the variable was treated as 
random. The imputation method used for the missing data was a replacement 
method, meaning that the missing data was replaced with values. An alternative 
could have been to only use cases that were complete, but in this case the 
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sample had been reduced from 291 cases to 190 cases. From the complete 
sample this would not have been a problem, but the samples and the analysis of 
the single production plants/companies would have suffered from a large loss in 
the number of cases to analyse. Hence an imputation method by using 
replacement values through mean substitution was used. Mean substitution is 
one of the most widely used methods (Hair et al., 2006), which replaces the 
missing values for a variable with the mean value of that variable calculated from 
all valid responses. The rationale for this approach is that the mean is the best 
single replacement value that provides all cases with complete information and it 
is easily implemented. Despite the extensively use of this method it has however 
several disadvantages because it: 

Reduce the variance of the distribution 

Distorts distribution of the data 

Depresses observed correlations 

Hence, a variant of the mean substitution was used, i.e., group mean 
substitution, where observations with missing data are grouped on a second 
variable, an then mean values for each group are substituted for the missing 
values within the group. In this sample the group mean substitution was taken 
from the different groups of production plants/companies, where the mean for a 
variable within a specific production plant was used for the missing values of 
that variable within the group. 

A3.2.2 Deriving components in PCA 

The significance level in the analysis was chosen at 5 percent, since it is 
commonly used in statistical studies in the social sciences (Hair et al, 2006). The 
requirements for normality and linearity were tested and confirmed, but from a 
statistical standpoint, departures from these requirements apply only to the 
extent that they diminish the observed correlations. In fact only normality is 
necessary for the significance of components in the PCA. 

A basic assumption of factor analysis is however that some underlying structure 
exists in the set of variables (the 17 practices). Hence it is imperative that the 
variables are sufficiently inter-correlated to produce representative components. 
Bartletts test of sphericity and Kaiser-Meyer-Olkin (KMO) was used to measure 
the sampling adequacy and the appropriateness of the component analysis for the 
entire correlation matrix. The tests show statistical significance for that the 
correlation matrix has significant correlation among at least some of the 
variables. Small values for Bartletts test and values exceeding 0.5 for KMO 
indicate adequate correlation. The results of the tests are shown in Table A4, 
indicating that there is sufficient correlation among the variables.
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Table A4: KMO and Bartlett´s test of correlation among variables 

KMO Measure of Sampling Adequacy ,812

Approx. Chi-
Square

857,083

df 136

Bartlett's Test of Sphericity 

Sig. ,000

A Scree-test criterion was used to evaluate the number of components to be 
extracted. The first evaluation showed that five components should be used in 
the continuing analysis. However when these five components were further 
analyzed, they showed low loadings and cross-loadings on the components. 
Based on the lean theory where the lean practices (variables) are divided into 
four lean principles, the number of components was pre-defined in SPSS to be 
four. Hence, four components were used and it was shown that the extent of 
the variance that is taken care of by the four components for each variable 
(communality) exceed 50% or is very close, Table A5. This indicated that all 
variables should be taken into the analysis also when only four components were 
chosen. 

Table A5: Communalities 

Practices Initial Extraction

Layout 1,000 ,586
Setup times 1,000 ,569
Scheduling 1,000 ,619
Small Lot sizing 1,000 ,474
Waste reduction 1,000 ,373
Response to defects 1,000 ,472
Error proofing 1,000 ,550
Continuous improvement 1,000 ,470
Teamwork 1,000 ,460
Multifunctional workers 1,000 ,602
Quality leadership 1,000 ,574
Decentralized responsibility 1,000 ,592
Motivation 1,000 ,442
Work floor maintenance 1,000 ,671
Visual information 1,000 ,453
Maintenance of equipment and tools 1,000 ,439
Standardized work 1,000 ,607
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A component matrix was obtained for the four components, but by applying an 
orthogonal (VARIMAX) rotation the component model was improved, because 
the unrotated component matrix had some cross-loadings. The rotated 
component matrix is shown in Table A6. The component loading represents 
the correlation between the original practice and its component. For a sample of 
over 200 respondents, a 0.05 significance level is obtained for loadings 
exceeding 0.40 (Hair et al., 2006). Loadings exceeding 0.50 are generally 
considered necessary for practical significance. Hence loadings below 0.40 were 
extracted and the loadings of quality leadership and maintenance of equipment 
and tools were treated as low-correlating to the related extracted components. A 
further discussion about the component loadings and the interpretation of the 
components are found in Paper III. 

Table A6: Components 

ComponentVariables (Practices)
1 2 3 4

Layout ,703
Setup times ,746
Scheduling ,624
Small Lot sizing ,496
Waste reduction ,596
Response to defects ,652
Error proofing ,641
Continuous improvement ,520
Teamwork ,625
Multifunctional workers ,449
Quality leadership -,678
Decentralized responsibility ,650
Motivation ,728
Work floor maintenance ,645
Visual information ,414
Maintenance of equipment and tools ,622
Standardized work ,654
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