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 The house building industry has been characterised as less productive compared to 
manufacturing industry with numerous and challenging activities including a complex 
integration process.  For the last 20 years, industrialised house building has gained 
increased research and industry attention and is identified as a potential way to 
improve the overall house building productivity.  In the overall process, the design 
phase has been identified as the bottleneck with several disciplines which have to be 
coordinated to generate a design solution that meets various customer and market 
requirements.  Many aspects of a building's performance depend on the decisions 
taken in the early design process.  These decisions can have a substantial impact on 
the overall design, lead time, cost and quality of the final product.  However, there are 
many other important factors which need to be considered by designers during the 
design phase.  Less attention has been paid to the identification of these factors within 
the design phase of the industrialised house building.  Thus, the main purpose of this 
paper is to identify challenges and outline the critical success factors to be considered 
in the design phase of Swedish industrialised house building.  Qualitative research 
was conducted in combination with literature reviews and multiple case studies 
linking three Swedish house building companies.  Empirical data were gathered from 
20 semi-structured interviews.  The study identified common challenges in the house 
building industry and 20 critical factors that should be addressed in the design phase 
from both literature and practitioners view.  The result shows that fixed production is 
crucial for identifying the critical factors rather than a building system.  Also, many 
challenges identified from this study could be managed by developing a platform-
based approach with support tools and methods for critical factors in the design phase. 
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INTRODUCTION 
The house building industry has been characterised as less productive compared to 
manufacturing industry with challenging and numerous activities including complex 
integration process (Haller et al., 2015; Johnsson, 2013).  The researchers and 
practitioners argue that productivity could be improved by implementing methods 
applied in other disciplines, and by increasing the industrialization in design and 
production (Larsson et al., 2013).  For the last twenty years, Industrialised House 
Building (IHB) has gained increased research and industry attention (Lessing, 2015; 

 
1 shamnath.thajudeen@ju.se 



Swedish Industrialised House Building 

35 

Viklund, 2017) and has been identified as a way to improve productivity (Lessing, 
2017) in terms of quality, cost-effectiveness, safety, productivity and waste reduction.  
The definition of IHB, according to Lessing (2015) is “a thoroughly developed 
building process with a well-suited organization for efficient management, preparation 
and control of included activities, flows, resources and results for which highly 
developed components are used in order to create maximum customer value”.  The 
design is the most time-consuming phase of the IHB processes (Haller et al., 2015) 
and the bottleneck for further streamlining the process at most house building 
companies (Jansson et al., 2008; Söderholm, 2010).  A problem in IHB is the 
systematic enhancement and management of the design process (Haller et al., 2015) 
and it has become a crucial part of the house building process with high demands on 
timely and exact deliveries (Jansson, 2013).  For IHB design work, it is essential to 
have a robust building system (BS) to manage the process and related flows to 
improve efficiency (Johnsson, 2013).  Also, the sub-processes need support from tools 
and methods to facilitate the flow through the process and to allow parallel projects in 
the design phase (Jansson, 2013). 
The improvement studies in the house building industry are few and there are 
requirements to be analysed from the viewpoint of unique products in a repetitive 
process (Söderholm, 2010).  Even though the size of production is less compared to 
disciplines such as automotive and electronics, there are many commonalities in the 
process of IHB.  Many aspects of a building's performance depend on the decisions 
taken early, in the design process (Viklund, 2017).  It is challenging for designers to 
fulfil volatile demands from the stakeholders and take solid decisions, which risk 
impacting overall design, lead time, cost and quality of the final product. 
Still, there are other critical factors apart from the time, cost and quality (Iron triangle) 
factors which need to be addressed in the design phase.  In general, several studies 
from Swedish context (Gerth et al.,2013; Hjort et al., 2014; Lessing, J., and Brege, 
S.,2015) and from international (Chan et al., 2004; Halttula et al., 2017; Yong and 
Mustaffa, 2017) have identified critical success factors in the construction sector.  
However, for IHB, a comprehensive investigation of critical factors that should be 
considered explicitly in the design phase is fewer.  With the increased complexity in 
IHB projects, practitioners and researchers alike may find it useful to characterise the 
critical factors in the design phase of IHB.  Thus, the purpose of this paper is to 
identify challenges and outline the critical factors to be considered in the design phase 
of Swedish industrialised house building.  The scope is delimited to the design phase 
of IHB and the study has been conducted at Swedish house building companies using 
a building system based on timber frames. 

RESEARCH METHODOLOGY 
For this study, Design Research Methodology (DRM) was used (Blessing et al., 
2009).  DRM is a four-stage iterative process used for conducting research in the 
engineering design field to develop innovative solutions that solve practical problems 
and allows a theoretical contribution.  Figure 1 shows an overview of the research 
method that has been applied in this work for the two initial phases of DRM, research 
clarification and descriptive study I.  The study was qualitative combining literature 
survey and multiple case studies (Yin, 1994) linking three house-building companies 
in Sweden. 
The unit of analysis was the design phase of Swedish IHB.  For the literature survey, 
articles that discussed the challenges and critical success factors in the house building 
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process were selected.  Scopus was used as the database to search for the related 
articles.  The articles were then selected according to their abstract content and the 
search was mostly narrowed to papers that present and examined the scope of study. 

 
Figure 1: Research Method 
The interviews of the multiple case studies were semi-structured in-depth interviews.  
Participants were requested to answer based on personal experiences.  The scope was 
set with the focus on the design phase of IHB.  Interview questions were focused on 
the existing challenges and critical success factors for the design process.  Interviews 
were recorded and transcribed, and a qualitative data analysis was performed based on 
(Miles et al., 1994).  The transcribed data was inductively analysed for each case 
company.  The analyse started with data reduction to bring out the specific parts of 
answers from each participant.  The coded data from all the respondents were then 
sorted into specific topic.  The empirical data were analysed to the existing literature 
regarding the challenges and critical factors in house building design.  Following the 
data analysis, the list of critical factors was framed out by shortlisting the existing 
critical factors from literature and factors that should be considered in the design 
phase of IHB from a practitioner's perspective (empirical data). 

Theoretical Background  
Challenges in the design phase 
Industrialised housing design is a combination of product development and 
preparation for production (Söderholm, 2010).  Planning and coordination of the 
design task in IHB is a bottleneck to increasing the process flow (ibid).  In the early 
stages of design processes, it is key to keep close communication with the customer 
regarding solutions and alternatives (Mukkavaara, 2018).  The problem for IHB 
design is to bridge over from customer demands with project-specific limitations, to 
design solutions that create value for the customer by using a building system 
(Jansson, 2010).  A building system for industrialised construction is defined as the 
collected experience and knowledge of how to realise a construction project 
(Söderholm, 2010). 
Persson et al., (2009) identified problems related to information management in 
industrialized house design and manufacture.  The building design process generates 
huge amounts of information, and time is often wasted searching for, sharing and 
reconstructing information.  One reason could be the lack of inter-operability between 
software used in the various stages of the building process (ibid).  The building 
industry also suffers from the lack of supporting tools for managing regulations and 
client requirements in the design of buildings (Jansson, 2010).  Jansson (2008) 
discussed the regulations from authorities challenge to deal with to get the passive 
house technique into a large-scale production and the local authorities tend to 
misinterpret IHB´s current building guidelines adding to further delays in approval.  
The lack of product documentation, defined processes and IT support was identified 
as obstacles to effective off-site house building (Hjort et al., 2014).  Also, lack of 
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standards and processes for sharing knowledge and inability to acquired experiences 
from already finished projects is potential source of low quality and high cost in 
construction (Gerth et al., 2013).  Andersson et al., (2017) identified problems of 
information exchange and lack of common standards in the IHB.  Design work that 
transforms requirements into design parameters become challenging when balancing 
creative and repetitive work in a partly predefined supply chain (Larsson et al., 2013) 
and product platform approach could be a path forward to address these issues in IHB 
(Jansson, 2013).  Many previous research studies have discussed challenges from both 
traditional and IHB process and very few studies have presented a comprehensive list 
of challenges particularly in the design phase from an industrial perspective. 
Critical success factors in the design phase  
Critical success factors (CSF) according to Rockart (1980), can be defined as those 
relatively small numbers of truly important matters, which make the difference 
between success and failure.  There are various terminologies found in literature such 
as CSF, project success criteria’s (PSC), success factors (SF), project success (PS) 
depends on different context of study.  According to Chan and Chan, (2004); Yong 
and Mustaffa (2017), study of critical success factors is considered to be a means to 
improve the effectiveness of processes in the project. 
Critical success factors from Swedish building industry was discussed by Gerth et al., 
(2013) where customer segment and needs, product type, function requirements, 
quality, production methods were identified as key factors.  They emphasize the 
importance of capturing production experiences and using it efficient during the 
design.  Architectural inputs, according to (Viklund, 2017) is important to consider 
and prioritize when designing.  Flexibility and ability to cope with variations were key 
factors for the NCC Komplett (Gerth 2008).  This building system was developed to 
handle various projects according to the needs from customers and architects.  
Lessing, J., and Brege, S.  (2015) studied the success factors of product-oriented 
business model from Swedish house builders named BoKlok and Kärnhem and 
discussed the critical factors.  The cost aspects were considered most for the concept’s 
development and other factors such as market demands, material, environment, 
customer priorities, quality, functional aspects were considered as central.  Integration 
of whole value chain was one of the main keys to success for BoKlok (ibid). 
From an international view, the primitive factors such as time, cost, quality and safety 
factors have been addressed by many researchers (Chan and Chan, 2004; Halttula et 
al., 2017; Yong and Mustaffa, 2017) as general CSF.  Also, factors such as flexibility, 
environmental aspects, manufacturing and assembly were mentioned by Halttula et 
al., (2017) and legal regulations by Yuan et al., (2018).  Yong and Mustaffa (2017) 
identified the management, technology and environment aspects in construction 
projects.  Yuan et al., (2018) recently conducted a study on design for manufacturing 
and assembly (DFMA) approach in IHB design.  Alkahlan (2016) maps the design and 
modular house building processes and discussed the importance of manufacturing, 
assembly, transportation and producibility factors. 
The literature survey from past research on the topic of critical success factors from 
both Swedish and international was conducted.  However, few publications explicitly 
focus on the over-arching list of design related factors in IHB.  From the review of 
literature; time, cost, quality and safety are the four most commonly cited critical 
factors.  The review concludes that little attention has been paid in the area of IHB 
which addresses the critical success factors in the design phase.  Also, less studies 



Thajudeen, Lennartsson and Elgh 
 

38 

have been made for identifying the critical factors to be considered in the design phase 
of IHB.  Thus, the presented research fills this gap by thoroughly examining all 
critical factors from practise that should be considered while making decisions in the 
design. 

Multiple Case Study: Swedish House Builders 
Three Swedish house building companies (Table 1) with prefabrication strategies 
using timber frame building systems were selected for the multiple case studies.  
Company A works on a project-based practice and company B and C have a process-
based method. 
Table 1: An overview of case companies 

 
RESULTS AND DISCUSSION  
The data has been analysed based on two case studies and by integrating suitable 
references which mainly focused on two objectives. 

Challenges in the Design Phase 
One of the objectives of the study was to explore the common challenges in the house 
building industry from a Swedish perspective.  The existing challenges in different 
stages of the design phase from the three case companies are presented in Table 2.  
Customization and distinctiveness in product have been identified as a common 
challenge (Jansson, 2010) for all three case companies where customer demands are 
outside of the building system.  There is a trade-off in managing customization and at 
the same time utilizing production efficiently (Lessing, J and Brege, S., 2015).  A 
CAD-engineer at company A states “The technical detailing of connectors used in the 
interfaces of the building remains as a challenge as new connectors have been 
designed in every project”.  Lack of clarity about product assortment was raised by 
some participants where salespeople are facing difficulties in explaining it to the 
customers.  The salesperson should have proper knowledge and be aware of the 
product offer and be updated about the fundaments of the BS (Söderholm, 2010).  
Late design changes (Haller et al., 2015) were mentioned by the participants from all 
companies, but in order to avoid delays these are reduced by implementing gate 
system in the design. 
All companies have included the standards for technical and functional details within 
their building system, but it has not been accurately followed by other stakeholders 
involved.  All companies highlighted poor information flow (Hjort et al., 2014) when 



Swedish Industrialised House Building 

39 

more actors are involved, e.g. digital transfer is missing between the architect and 
structural engineer, which results in loss of customer specific information.  Common 
for all companies is that the major components of the building are designed in-house, 
while building services (HVAC, plumbing and electricity) are designed mainly by 
external consultants.  Consequently, drawing quality is reduced and information is lost 
in the transfer between systems (Persson et al., 2009).  In order to improve the design 
efficiency, company B has started to do all detailing in-house.  Every time consultant 
makes changes, it can yield rework and waste that could leads to projects get delayed. 
Table 2: Main challenges in the design phase articulated by the respondents 

 
In general, governmental regulations were considered as a barrier for the house 
building industry which was also pointed out by Larsson et al., (2013).  There is also a 
conflict recognized between what the customer wants and what the companies can 
deliver as the predefined solutions are linked with regulations and production 
flexibility (Gerth et al., 2013).  R&D manager from company C stated that “The latest 
rules create difficulties for the wall elements production because the facility is not 
flexible enough”.  Thus, the company needs to revaluate how to manufacture the 
components.  Another issue for all companies was the misalignment between CAD-
models and interface of production equipment, e.g. CNC-machinery (nailing machine 
etc.) cannot read the CAD-file format.  The absence of geometrical standards results 
in losing data clarity while transferring information between systems.  Thus, a more 
advanced approach for dealing the information and synchronization between CAD 
models and the necessary production data could be developed (Andersson and 
Lessing, 2017).  As Malmgren et al., (2010) addressed, formalization of tactic 
knowledge is still lacking in case companies and it has been acknowledged as a 
common barrier.  Lot of efforts has been made to improve the general level of 
maturity in IT systems.  Though, all companies have developed a building system 
which is regarded as a technical platform for product development.  The BS has the 
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capacity to manage most of the challenges identified, but the way of working is not 
structured enough currently. 

Aggregation and Discussion of Critical Success Factors in the Design Phase 
The other objective was to identify the factors that are critical for the design process.  
An aggregation of critical factors that should be considered in the different design 
phases has been listed in Table 3.  The possible connection between the critical factors 
and the challenges identified is shown.  Also, the source of data collected is presented 
whether the factors identified from literature review or case companies in order to 
ease the analysis of data and give a clear picture for readers. 
The literature review conveys that many researchers have shown concern in the topic 
of critical success factors in construction over the past years.  However, for the design 
phase in IHB, this topic has not been fully investigated.  Traditionally, to measure the 
project outcome, success factors such as time, cost, and quality have been used.  Still, 
in IHB many other aspects need to be addressed.  The identified critical factors from 
this study are broad in nature and can have single or multi-dimensional views, e.g. 
cost factor is measurable while transportation factor has different dimensions and 
could be evaluated in many ways and it varies depend on the context of the company.  
From an industrial view, it is important to select few critical factors out of the list and 
develop support for those factors since it depends on individual production settings.  
From company A, time, cost, manufacturability and assembly factors was identified as 
most critical where manufacturability, assembly, cost and customer requirements from 
company B and manufacturability, assembly, customer requirement and regulations 
from C.  Flexibility aspect was stated by many participants to offer high variants for 
customers.  However, it was one of the reasons for the failure of NCC Komplett 
concept (Gerth 2008) and a balanced flexibility is important to consider.  Lately, the 
critical factors have shifted from the common time, cost and quality aspects to a 
broader list of critical factors (Halttula et al., 2017).  The challenges and CF are 
connected (table 3) in such a way that any support developed for these factors could 
benefit to reduce the intensity of challenges.  This aligns with (Gerth et al., 2013) 
where a cyclic nature of improvement processes is relevant for housing by using 
experiences from previous projects and develop support for critical factors at the same 
time. 
From the cases, a partial alignment between CSF and challenges has been identified 
where some existing support has been developed within the design process to mitigate 
the earlier challenges and participants acknowledged the same during the discussion 
e.g.: stage gate in design reduced the late design changes.  The difference between 
traditional construction and IHB is that the IHB companies possess a partially fixed 
production where companies made large investments, which they aim at utilizing as 
much as possible, i.e. IHB is production-oriented and process-based (Johnsson, 2013; 
Hjort et al., 2014) compared to traditional construction being more resource-based and 
they are evaluating success according to the time, cost and quality factors.  It was a 
question in the beginning that if the building system could make an impact in 
identifying the critical factors.  This was examined by case selection where companies 
are working with different building systems.  Thus, the BS is not an element for 
identifying the critical factors and independent to each other.  Rather, the setting of the 
fixed production facility is more important than the building system.  It could vary in 
terms of different production settings and BS has been designed according to the 
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production settings.  However, currently companies are not getting the full potential of 
BS. 
Table 3: Critical success factors in the design phase and connection to challenges. 
Phase: Overall (O), Conceptual (C), System level (S), Detailed (D); Challenge: Table 2 (1-9), 
Source: Literature (L), Company A-C (A, B, C) 

 
Manufacturability and assembly factors are less highlighted in traditional construction 
(Alkahlan, 2016) where it is more emphasised in IHB and also from the interviews.  
The respondents highlighted these factors but did not express the DFMA approach 
clearly, which means that they are not fully aware of it.  Companies refer BS as their 
support but, it has not been adapted to deal with these issues and does not have 
adequate support for this approach.  It is important to have dedicated support for these 
factors.  From an engineering design perspective, companies should work with 
platform based DFMA approach to be successful in the design process regarding the 
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outcome even though it has different dimensions (Yuan et al., ,2018; Jansson, 2013).  
The main purpose of having DFMA is to improve manufacturability.  Moreover, 
DFMA is an approach to reduce cost and lead time, increase quality and safety (Gerth 
et al., 2013).  The analysis points out that the manufacturability and assembly factors 
were acknowledged as most critical, common for all companies.  To conclude, most of 
the factors identified, correspond to the recognized factors from literature. 

CONCLUSIONS 
This paper presents the preliminary findings aimed at supporting and improving the 
design process of the industrialised house building industry and makes two key 
contributions.  Firstly, the common challenges faced by the housing industry were 
discussed from both literature and practitioner's perspectives.  Secondly, the study has 
identified twenty critical factors that should be addressed in the conceptual, system 
and detailed design of IHB have been presented.  The paper points out the importance 
of considering critical factors which have been retained as a research gap so far in the 
industry.  The study indicates that the challenges and critical factors are not unique or 
specific to a certain company.  Rather, it is a general issue for the IHB industry.  All 
decisions made during design has an impact on the rest of the process where these 
factors should be considered.  In order to achieve higher efficiency in the design 
phase, IHB companies rigorously need supporting tools and methods for these critical 
factors that improves their technical and process platform (Jansson, 2013).  Thus, the 
challenges identified could be managed eventually and helps to develop a robust 
building system with better process control to meet market demands.  The result also 
shows that fixed production is more crucial for identifying the critical success factors.  
International generalizations should be made with caution, as the empirical findings 
are based on Swedish practitioners.  These findings will serve as a base for future 
studies and an investigation of different critical factors and the development of 
support for those factors should be considered. 
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