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Abstract:  

Building Information Modelling (BIM) is claimed to transform the Architecture, Engineering and Construction 
(AEC) industry, whereas current research has argued that diffusion of BIM use proceeds at a slower rate than the 
optimistic predictions. Much of the research on BIM has focused on the traditional part of the industry and larger 
companies, whereas less attention has been paid to the industrialized house-builders. The underlying idea of 
industrialized house-building is to increase efficiency, both internally (do things right) and externally (do the right 
things), with repetitiveness in production facilities. Previous research indicates that there is a lack of demand for 
BIM, both internally and externally, and that BIM use is rather determined by an individual’s subjective positive 
or negative evaluation of BIM, which may be hazardous for industrialized house-builders. However, using BIM 
in repetitive processes is claimed to have potential to improve the output of industrialized housing building. 

Hence, based on this background the aim of the paper is twofold: Firstly, to explore the current state of practice, 
and perceived constraints and driving forces of BIM-use with respect to industrialized house-building. Secondly; 
based on the results identify key areas for the continuous development of BIM within this sector of the construction 
trade. A mixed method approach was employed. To begin with, participant observations were carried out in 
connection to a regional development project, where managers from a selection of industrialized house-building 
companies assembled in order to identify key areas for development. Thereafter, interviews with managers in 
industrialized house-building companies were conducted to describe a state of practice within the industrialized 
house-building sector. Finally, a survey (n=52) was administered to employees at industrialized house-building 
companies on the Swedish market. 

Deducted from the observations at the meetings, the vast number of different software that are used in a large 
variety of different processes and the need for integration between BIM and other systems was highlighted. 
Discussions mostly concerned technical issues that can be explained by the fact that meetings participants were 
technical and development managers. The interviews gave at hand that better connection between BIM and the 
Enterprise Resource Planning (ERP) is a topic that should be prioritized. The results from the survey showed that 
63 per cent of the respondents have experience from working with BIM. The immediate results show similarities 
with previous studies of BIM use among mid-sized firms in the traditional building and construction industry 
regarding use frequency, perceived benefits and constraints, as well as perceived challenges. However, it is 
concluded that the industrialized house building sector need to adapt BIM aligned to their unique conditions in 
order to reap benefits, without looking too much at what is going on in the traditional construction industry. 
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1. INTRODUCTION 

In recent years, Building Information Modeling (BIM) has been considered a new paradigm (Azahr, 2011), or as 
the most promising development in the building and construction industry (Eastman et al., 2011). Researchers and 
practitioners seem to agree on BIM’s potential applicability in, and benefits for, construction (Lee and Yu, 2016), 
which has been reinforced by governmental initiatives in countries including Great Britain, Singapore, Finland, 
and Sweden, where public clients have started to require BIM as part of project delivery. On the other hand, Dainty 
et al. (2015) indicate that there is a gap between the positive predictions and the actual implementation of BIM, 
and that primarily research has focused on larger firms. Studies of BIM use in smaller and mid-sized firms are 
more uncommon. In a recent study on BIM use among medium-sized contractors in Sweden by Bosch-Sijtsema et 
al. (2017), the identified major perceived constraints were the lacking demand from clients and that that trading 
partners did not use BIM. Instead, implementation was determined by an individual’s subjective positive or 
negative evaluation of BIM (ibid). However, the overall majority of BIM studies has focused on the traditional 
building and construction industry, whereas studies on industrialized house builders are rarer. According to 
Abanda et al. (2017), the potential of BIM is greater within industrialized house-building than for traditional 
construction. Further, research in the UK points out industrialized house-building and BIM to facilitate 
productivity (Goulding et al., 2012; Abanda et al., 2017). The underlying reason for this claim is the characteristics 
of industrialized house-building. 



1.1 Characteristics of industrialized house-building 

Lessing (2006) defines industrialized house-building as a thoroughly developed house-building process with a 
well-suited organization for efficient management, preparation and control of the included activities, material 
flows, resources and results for which prefabricated components are used in order to create maximum customer 
value. Thus, a move towards industrialized house-building means a shift from strictly project-based production to 
a more process oriented production (Jonsson, 2017). The production system is process-oriented with defined value 
streams, repetitive operations and experience feedback (Johnsson and Meiling, 2009). Competitiveness is driven 
from factors such as flexibility, delivery time predictability, quality level and cost (Söderholm and Johnsson, 2009; 
Jonsson and Rudberg, 2014). Consequently, a key element to become successful within this sector is information 
management, i.e. with repetitive production the process is more vulnerable to erroneous information. Alvarez-
Anton et al. (2016) argue that successful off-site manufacturing is based on effective information exchange 
between supply chains, which requires efficient information management. Lessing (2006) introduced a process 
model where the houses still were produced in projects but within a larger context consisting of eight different 
areas. These areas could then be divided further into four distinct platforms (technical, knowledge, relationships 
and process) where continuous improvement is a cornerstone. Thus, a fundamental element of this approach is the 
use of experience feedback to learn and rectify errors (Johnsson and Meiling, 2009). 

Generally, the house-building supply chain is referred to as long and fragmented (Jonsson, 2017), leading to sub 
optimizations (Dubois and Gadde. 2002). Dehlin and Olofsson (2008) argue that ICT-solutions, such as BIM, can 
mitigate this condition. Further, Jensen et al., (2012) describe the building system from the viewpoints, customer, 
engineering and production and the different information flows, pushing the importance of the engineering view 
which translates to the design phase. Thus, robust information exchange is essential for industrialized house-
building.  

Jonsson and Gosling (2017) argue that production systems using higher degree of off-site assembly also have a 
higher extent of ICT-solutions. Findings also indicate that product standardization facilitates ICT-solutions such 
as BIM (ibid). Bosch-Sijtsema et al. (2017) points out that visualization and clash controls are most common to 
use BIM, which are activities that should be monitored closely given the characteristics of the industrialized 
building context. According to Abanda et al. (2017) there is a lack of studies that combine industrialized house-
building and BIM use.  

In that sense, industrialized house-building becomes a compelling case where the fundamental idea is 
repetitiveness in production facilities and a uniform way of working, overarching multiple projects.  

Against this background the aim of the paper is twofold: First: to explore the current state of practice, and perceived 
constraints and driving forces of BIM-use with respect to the industrialized house-building. Second; based on the 
results identify key areas for the continuous development and use of BIM within this sector of the construction 
trade. A mixed method approach was applied. First, interviews with mangers in medium size contractors were 
conducted, followed by participant observations of session with managers from a selection of industrialized house-
building companies. Finally, a survey was administered to 17 major industrialized house-building companies on 
the Swedish market. 
 
2. METHOD 

To achieve the aim of the paper three data collections methods were used: interviews, participant observation and 
a survey. The participant observations were completed in connection with a larger regional development project. 
Part of the project was to inquire how BIM could support industrialized house building. This resulted in the 
formation of a group with technical managers from eight industrialized house-builders in the region and the aim 
was to try to identify BIM-related issues that would be beneficial for the company group to further develop. 
Accordingly, the aim with the participant observations was to gather information on what BIM related topics, 
which were prioritized in the group. 

To gain deeper knowledge about the BIM use and the context for BIM use of the eight companies, an interview 
study was conducted. In total, interviews were conducted with 13 persons. Each interview lasted between one and 
two hours, with an average of one and a half hour. In table 1 the companies and their segments are listed as well 
as the respondents’ positions in the company. The main purpose with the interviews was to investigate the 
companies market situation, the information flow in the sales, production and delivery processes, and how BIM is 
used in these processes. 

Succeeding the interview study, a survey was conducted. The aim of the survey was to explore the extent of BIM 
use among industrialized house builders, as well as to explore perceived barriers and driving forces for BIM use. 
The data was collected via a web-based survey. A link to the survey was initially sent to representatives for the 
eight companies participating in the interview study as well as to an additional nine industrialized house building 



companies. The company representatives were requested to distribute the link to all white-collar workers. After 
the initial inquiry, two reminders were sent out. In total, 52 responses were returned. Because the link to the survey 
was distributed to the respondents by a company representative, it will not be possible to calculate the exact 
response rate. The distribution of respondents’ gender, education, age and position is showed in Table 2. 
 

Table 1. The companies and their segments as well as respondents’ positions in the company 
Company Segment Respondent(s) 

Alpha Single family homes Admin. Manager, Technical manager 
Beta Single family homes Technical manager 

Gamma Single family homes Development manager 
Delta Single family homes Structural manager 

Epsilon Single family homes Technical managers x2 
Zeta Single family homes Development manager, Designer 
Eta Multifamily buildings R & D managers x2 

Theta Public buildings CEO and technical manager 
 
 

Table 2. Background of respondents. 
Gender Education Age Position 

Male 81% University degree 46% -30 years 25% Structural Engineer 42% 
Female 19% Other 56% 31-45 years 33% Design manager 23% 

  46-60 year 38% Other 35% 
  61- 4%  

 
3. RESULTS 

3.1 Results from interviews 

Interviews with technical mangers from eight major industrialized house-building companies were conducted. A 
summary of interviews regarding BIM applications in different functional areas is presented in Table 3 below.  
 

Table 3. Summary of interviews regarding BIM applications in functional areas. 
Companies Alpha Beta Gamma Delta Epsilon Zeta Eta Theta 
Marketing and Sales 
Visualization 
(customer view) • • • • • • • • 
Design and Engineering 
Modelling, BIM 3D 

  
• • • • • • • • 

Simulation • • • • • • • • 
Clash control • 

      
• 

Product 
 

        

Production  

Master Production 
Schedule (MPS) 

      • • 
Cost est. BIM 5D • • • • •  • • 
Assembly instruction 
(site view) 

   •     

Product Data 
Management (PDM) 

       • 
Process planning 
(process view)  • •  • • • • • 
Enterprise Resource 
Planning (ERP) • • • •  • • • 

 

 



Regarding suitability and benefit of different BIM applications, as displayed in table 3, visualization for customers 
(customer view), 3D modelling in design and engineering (design view) and different types of analysis and 
simulations are perceived to have the biggest potential. Simulations such as clash control, perceived from two of 
eight companies, to have the potential for implementation especially for complex structures such as schools and 
multi-family houses. 

The results reveal that there are ambitions to blend BIM applications with other ICT tools such as Master 
Production Schedule (MPS), Product Data Management (PDM) and Enterprise Resource Planning (ERP) within 
production. ICT-tools were primarily developed as tools for automating routine tasks, while BIM is a system for 
information exchange between members of two or more organizations. One problem emerging from the interviews 
is the lack of interfaces between BIM applications and other ICT tools like MPS, PDM and ERP. 

3.2 Results from survey 

The survey was administered to 17 major industrialized house-building companies on the Swedish market. From 
the data collected, 63 per cent of the respondents had experience from working with BIM. Respondents were asked 
to estimate how frequently they had used 19 different potential BIM-applications. According to table 4, 
“Visualization in detailed design” was the most frequently used application, whereas the other applications had a 
rather low use frequency. 
 

Table 4. To what extent is BIM used for the following activities. Scale from 1 (never use) to 5 (always use). 
Rank Activity Mean SD 

1 Visualization in the detailed design 3.50 1.136 
2 Product development 3.03 1.643 
3 Assembly instructions 2.81 1.470 
4 Quantity estimation 2.68 1.249 
5 Visualization for users 2.50 1.280 

 

Then, the respondents were asked to estimate how useful they had perceived the potential BIM-applications. Clash 
controls, followed by visualization in the detailed design respectively for the users were perceived to be the most 
useful applications, see table 5. It should be noted that for all (19) the applications had an average mean value 
above 3.00, indicating that respondents perceive that BIM can be used for a wide array of activities. 
 

Table 5. Perceived usefulness of BIM activities. Scale from 1 (not useful at all) to 5 (very useful). 
Rank Activity Mean SD 

1 Clash controls 4.52 0.623 
2 Visualization in the detailed design 4.44 0.725 
3 Visualization for users 4.24 0.981 
4 Quantity estimation 4.13 0.894 
5 Communication with parties 4.11 0.959 

 

The strongest perceived driving forces for BIM use, is a mix between individual and organizational benefits, see 
table 6. Reducing errors and misunderstandings received the highest score, followed by facilitation of 
documentation and transfer of information, and improving the quality of the individuals work (table 6). 
 

Table 6. Perceived driving forces for BIM use. Scale from 1 (totally disagree) to 5 (totally agree). 
Rank  Mean SD 

1 Use of BIM can lead to less errors and 
misunderstandings 

4.28 0.716 

2 BIM facilitates to document and transfer information 
about a building 

4.08 0.712 

3 BIM can improve the quality of my work 4.07 0.985 
4 By using BIM, we can follow the technical 

development 
3.93 0.985 

5 BIM gives the company competitive advantages 3.88 1.067 
 

The perceived constraints for BIM implementation was a combination between company resources, high 
investments, lacking external demand from clients and partners, user friendliness, and integration with other 
systems (table 7). However, it should be noted that none of the perceived obstacles received high mean values. 
 



Table 7. Perceived constraints for BIM-implementation. Scale from 1 (totally disagree) to 5 (totally agree). 
Rank  Mean SD 

1 High investments in hard- and software 3.58 0.937 
2 No demands from the clients 3.47 1.107 
3 Our partners do not use BIM 3.44 0.960 
4 Problem with the user-friendliness 3.21 0.935 
5 Difficult to integrate with other systems 3.17 0.707 

 

The perceived challenges were connected to inter- and intra-organizational issues (table 8). To change the way of 
working is perceived as the biggest challenge, which is implicitly emphasized by the fact that people want to use 
BIM more if it is adapted to the present way of working (table 8). Other challenges perceived was the need for 
developing collaborative models with partners and new roles and functions. 
 

Table 8. Perceived challenges for BIM-implementation. Scale from 1 (totally disagree) to 5 (totally agree). 
Rank  Mean SD 

1 To take advantage of BIM we need to develop and 
change our way of working 

4.27 0.775 

2 To take advantage of BIM, the collaborative model 
with various partners needs to be developed 

4.10 0.754 

3 To take advantage of BIM, new roles and functions 
need to be developed 

3.97 0.843 

4 I would use BIM more if it is adapted to our way of 
working 

3.82 0.885 

5 To take advantage of BIM, procurement methods 
need to be developed 

3.44 0.894 

 

3.3 Findings from participant observations 

The participant observations were done in connection with three meetings where technical managers in the eight 
companies met and tried to identify BIM-related issues that would be beneficial for the group of companies to 
further develop. Because the group consisted of technical managers, most of the topics discussed concerned 
technical issues. The major topics discussed were the need for a seamless information flow, in concrete, to replace 
paper drawings with digital information, the need for integration of data from the BIM-model to other systems like 
ERP, and the need for standardization component data.  
 
4. CONCLUDING DISCUSSION 

The aim of the paper has been twofold. Firstly, to explore the current state of practice, and perceived constraints 
and driving forces of BIM-use with respect to the industrialized house-building. Secondly, based on the results 
identify key areas for the continuous development and use of BIM within this sector of the construction trade. The 
immediate results show similarities with previous studies of BIM use among mid-sized firms in the traditional 
building and construction industry regarding use frequency, perceived benefits and constraints, as well as 
perceived challenges (Bosch-Sijtsema et al., 2017; Linderoth and Isaksson, 2016). Visualization is the most 
frequently used application and is also perceived as one of the most useful application, together with clash controls. 
What is common between the industrialized house-building sector and the traditional building and construction 
sector, is that the use of BIM still is a bit immature and a limited number of use-applications are taken advantage 
of. Moreover, if the perceived driving forces, constraints and challenges are closer scrutinized it can be argued, 
that the variables ranked in tables 6-8 are rather generic and valid for both industrialized house-building and 
traditional construction.  

However, what is more interesting to discuss, are the differences between the outcomes of the interviews and the 
survey. One such difference is the view on product development. The interview results show that none of the 
companies use BIM in product development. On the other hand, the survey results indicate that some of the 
companies apply BIM in product development. The most plausible explanation is that product development is 
understood as the process of realizing the product (house), and not understood as product development in 
traditional sense, where new products are developed. This assumption gets support when a Pearson correlation, 
between visualization items and the product development item, is tested:  

Product development – Visualization for user: 0.706; p < 0.000 

Product development – Visualization in detailed design: 0.438; p = 0.003 



Production planning – Visualization in production planning: 0.419; p = 0.005 

Thus, this is an indication that respondents perceive the production of a single house as the development of a 
product, which is contradictive to the idea of industrialized house-building. However, the topic needs further 
investigation, whether people see BIM as means for supporting the individual customization of the product, which 
would be a perception that go against the idea with industrialized house-building. 

Another subject where differences appear between the interviews and the survey is the view on data exchange 
between BIM and other systems, ERP. In the interviews and at the meetings observed, finding solutions to integrate 
information flow between BIM and other systems, like ERP, were frequently mentioned. However, the most 
plausible explanation for this difference is that respondents in interviews, and participants in meetings, were 
technical managers. Integration of information flow between systems is a topic positioned rather high on their 
agenda, whereas survey participants were coming from a diverse group that is not directly involved in working 
with information integration. Moreover, it should be noted that the issue of integration of the information flow 
between BIM and systems like ERP, has not been a main topic regarding BIM use in the traditional construction 
industry. Instead, interoperability between BIM related software has been a more common topic (see e.g. Grilo 
and Jardim-Goncalves, 2010). Thus, the interest for integrating information flow between BIM and other systems, 
like ERP, can be seen as a result from the fact that industrialized house-builder can control information flows (see 
Lessing, 2016), compared with the fragmented traditional construction industry. 

When arriving at the key areas for the continuous development and use of BIM within the industrialized house-
building sector, a reflection from the survey is that respondents in the sector generally has a common view of BIM, 
compared to actors in the traditional construction sector. The question can be raised if the general BIM discourse, 
dominated by actors from the tradition construction industry, has shaped industrial house- builders understanding 
BIM? Instead of an adaptation of BIM to the specific conditions in the industrialized house-building sector. These 
results are supported by other initiatives within industrialized housing trying to integrate actors and processes 
better using modularity and platforms (Lennartsson and Björnfot, 2010; Jansson et al, 2014) with a starting point 
displaying characteristics from traditional construction, such as sub optimization and lack of coordination. These 
studies have applied methods and principles from other sectors to industrialized housing and amplified the benefits 
of prefabrication and offsite construction. As Abanda et al. (2017) argue, similar effects will likely be the 
consequence by implementing BIM within industrialized housing, which aligns with the results from Jonsson and 
Gosling (2017) that industrialized house-building applies more ICT and have higher definition of standardization. 
Thus, the general challenge for the industry lies within the actual integration of BIM within the industrialized 
housing sector and the definition of interfaces between inter-organizational information systems as BIM and other 
ICT-solutions. 
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